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FIG. 5

Element or Attribute Name Use
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FIG. 6
Element and Attribute Names Use
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FIG. 16
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FIG. 23

frame (n-1) frame (n) frame (n+1)
7T 1010 11(320 e

Preamble | PLSI PLS2 DP(1)

2 /; } T~

1000 |
signaling PLS2 static PLS2 dynamic
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FIG. 24

Content Bits
PREAMBLE DATA 20
NUM _FRAME FRU 2
PAYLOAD TYPE 3
NUM FSS 2
SYSTEM_VERSION 8
CELL ID 16
NETWORK ID 16
SYSTEM ID 16

fori=0:3

FRU PHY PROFILE 3
FRU FRAME LENGTH 2
FRU GI FRACTION 3
RESERVED 4
end
PLS2 FEC TYPE 2
PLS2 MOD 3
PLS2 SIZE CELL 15
PLS2 STAT SIZE BIT 14
PLS2 DYN SIZE BIT 14
PLS2 REP FLAG 1
PLS2 REP SIZE CELL 15
PLS2 NEXT FEC TYPE 2
PLS2 NEXT MODE 3
PLS2 NEXT REP FLAG 1
PLS2 NEXT REP SIZE_CELL 15
PLS2 NEXT REP STAT SIZE BIT 14
PLS2 NEXT REP DYN SIZE BIT 14
PLS2 AP MODE 2
PLS2 AP SIZE CELL 15
PLS2 NEXT AP MODE 2
PLS2 NEXT AP SIZE CELL 15
RESERVED 32

CRC32 32
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Content

Bits

NUM_DP

FIC FLAG
AUX FLAG

fori=1: NUM_DP

DP D

DP TYPE

DP_GROUP ID

BASE DP ID

DP FEC TYPE

DP COD

DP MOD

DP SSD FLAG

if PHY PROFILE ='01('
DP MIMO

end

DP TI TYPE

DP TI LENGTH

DP _TI BYPASS

DP FRAME _INTERVAL

DP FIRST FRAME IDX

DP NUM BLOCK MAX

e wfBe o DN ON OO G ON

(W )

end

DP_PAYLOAD TYPE
DP_INBAND MODE
DP_PROTOCOL, TYPE
DP_CRC_MODE

if DP_PAYLOAD TYPE==TS(00')
DNP_MODE
ISSY_ MODE
HC MODE TS
ifHC_MODE_TS =="01"or "0
PID
end

if DP PAYLOAD TYPE=IP(01')
HC MODE IP

end

RESERVED

N N e A L

[ S 38 o }

13

end

if FIC FLAG==1

FIC_VERSION
FIC_LENGTH BYTE
RESERVED

end

if AUX FLAG==

NUM_AUX
AUX CONFIG RFU
for- 1:NUM_AUX
AUX STREAM TYPE

AUX_PRIVATE_CONF
end

SO
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FIG. 26
Content Bit

FRAME INDEX
PLS CHANGE COUNTER
FIC CHANGE COUNTER
RESERVED 16
fori=1:NUM_DP

DP ID 6

DP START 15 (or13)

DP NUM BLOCK 10

RESERVED 8
end
EAC FLAG 1
EAS WAKE UP VERSION NUM 8
if EAC FLAG==

EAC LENGTH BYTE 12
else

EAC COUNTER 12
end
for i=l:NUM_AUX

AUX PRIVATE DYN 43
end
CRC32 2

FIG. 27
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FIG. 33

The main-PRBS generator is defined based on the (N, —1)-bit binary word sequence R with N =10gy Ny

0<n<2
RIN,-2,N,-3,...,10]=00,,...,0,0
n=2
RI[N,-2,N, -3,....10]=00,,....0,1
2<n< Ny
R,[N,-3,N,—4,...10]=R [N, -2,N, —3,....2]]
where
R [N, -2] 1sdefinedas:

in 8K FFTmode: R [11]=R_[0]®R ,[1|®R _,[4]O R ,[6]
in16K FFTmode: R [12]= R 4 [01® R ,[11® R, 4[41® R ,[5|® R ,[9]© R ,[1T]
in 32K FFTmode: R [13]=R_,[0]®R [1]® R _,[2]® R ,[12]

(2)

FFT mode Nmax
8K 8192
16K 16384
32K 32768
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FIG. 34

The sub-PRBS generator is defined based on the (N, —1)-bit binary word sequence G, with N,=log, (0.5N,, )

0<k<4

G.IN, -2, N, -3,....1,0]=00,,...,0,0
k=4

G.IN, -2, N, -3,...1,0]=11.....,L1
4<k<N,

max

G.IN, =3, N, —4,...10]1=G,[N, -2,N, -3,...2]]

where
G, [N, —2] isdefinedas:

in 8K FFTmode: G,[10}=G,_[0]© G, ,[2]
in 16K FFTmode: G, [11]=G, ,[0]1® G, [1]® G, ,[4]®G,_,[6]
in 32K FFTmode: G, [12]=G, 4[0]9 G, L [119 G, [4]1® G 4519 G, [91© G, [11]

(a)

p=0;
for n=0;n<N,_.;n=n+l)

N2
{T(n)=(nmod2)- 2"+ Y (2" R [i]);
=0)
S,(m)=(T (n)+ Ay, )mod N
zf Sl(n) < Ndata

{H (p) =S,(n);
p=p+l}

max>

j

(nmod2) 2% denotes 1-bit toggling, te.,, R [N, —1]=0,10,1,... and

AR T RN

the cyclic-shifting value Alf /2] is calculated for every OFDM symbol pair

(b)
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FIG. 36
PLP NUM 1 >1
Interleaving type Cl CI+BI
FIG. 37
. Frame
4[ BICM chain H BI H Cl ]——m
T
| On/Off

PLP_NUM

<Hybrid T structure: example-1>

FIG. 38

\
Other CI

L—“ Frame
- builder

4—‘ BICM chain ‘*‘[ BI H Cl >~
/L PLP NUM

<Hybrid TT structure: example-2>

PLP Mode
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FIG. 39
«{ (DI ]——[ BDI m
!
| On/Off

<Hybrid TI structure: example-1>

FIG. 40

Other CI -

\

PLP Mode

BICM
decoding
e =N
—4{ (DI ]‘ BDI -
\ J {
PLP NUM

<Hybrid TI structure; example-2>
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FIG. 41
Content provider [—— C410100
C410200
410210 2
8
Second broadcast First broadcast
C410300 —~— ransmission apparatus transmission apparatus Content server  —— C410230
LTE Broadcast Broadcast Broadband
1 \
C410510 — Broadcast receiver IPtransceiver  |—+~—C410530
C410500 —
Controller |~ C410550
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FIG. 42
FIC service - qSC
[ncludes
SSC bootstrapping
(2)
i AppSve MPD i
| or |
USD ——  ¢MBMSMPD | |
3GPP SDP
SMT =  Full MPD
CMT ATSC SDP ROUTE sessions
Includes
ROUTE session
UST information
LSIDs
RRD
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FIG. 43
AppSve MPD
USD eMBMS MPD
3GPP SDP
SMT Full MPD
CMT ATSC SDP ROUTE sessions
w
LSIDs
(2)
C430300
2 _—7 —~ LTEBroadcast
I Mobil ,
&anaﬁéﬂﬁ‘i { Carir ] UHD Video C430500
basePattern]
Biz l
Arrangemen?
HD Video < Broadcast
Broadeaster HD Video | Rep id2
Audio Audio | Rep it
(430200 DP id3

2™ Audio Broadband
basePatternd
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FIG. 44
Element / Attribute Card. Datatype Comments
SMT

protocol version 0.1 16-bit interger Major-minor
service id 1 16-bit interger FIC service id
global service id 1 anyURI USD/ESG service_id
Full MPD URL 0.1 | anyURI ll components of
ATSC SDP URL 0.N anyURI ROUTE sessions(s)
Capabilities 0.1 TBD
Targeting_info 0.1 TBD
Content_advisory 0.1 TBD
Program title 0.1 String
Content_label 0.1 TBD
Original service id 0.1 16-bit interger m
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FIG. 45
FIC service - 3SC
Includes
SSC bootstrapping
(a)

USD | AppSvcMPD | |
DeliveryMethod | or |
broadcastAppservice I I

i eMBMS MPD |
basePattern I —— ]
. 3GPP SDP
unicastAppService
P
?ase attern Full MPD
}
atscAppService
{ ATSC SDP —y ROUTE sessions
ncludes
bDasefgttem ROUTE session
Lo information 1
LSIDs
atscServiceDescription
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> (460100

> C460200

element / attribute type minOccurs| maxOceurs
¢ | bundleDescription
¢ | userServiceDescription X unbounded
¢ | atscServiceDescription
@] protocolVersion optional
@] aiscServiceld required
@} globalServiceld same as Serviceld of the USD | optional
@| fulMpdURI xs:anyURT optional
¢ | atseSdpURI xs:anyURI 0 N
¢ | CapabilityDescription TBD 0 |
¢ | TargetingDescription TBD 0 1
¢ | ContentAdvisoryDescription | TBD 0 |
¢ | ProgramTitleDescription s:string 0 1
¢ | ContentLabelDescription TBD 0 1
¢ | Origian!Serviceld 0 1
¢ | name A§:string 0 unbounded
@ lang xs:langauge optional
¢ | serviceLanguage s:langauge ] unbounded
¢ | requiredCapabilities ] 1
¢ | feature xs:unsignedint 1 unbounded
¢ | deliveryMethod x unboutided
¢ | t7:unicastAccessURI 0 unbounded
¢ [basePattem xs:znyURT % | unbounded
¢ | t8:alternativeAccessDelivery 0 X
¢ | unicastAccessURT x5:anyURT 0 unbounded
4| timeShiftingBuffer as:unsignedint optional | default=10
¢! t12-broadcastAppService 0 unbounded
¢ | basePattern x5:anyURT % unbounded
¢/ serviceArea sswunsignedShort 0 unbounded
¢ | r12:unicastAppService 0 unbounded
¢/ basePatiem xsanyURE % | unbounded
¢ atscAppService 0 unbounded
@) basePattern xs:anyURI optional
@DP D xsunsignedShort required
@) transportStreamld xsunsignedShort optional
@ partitiontd xsunsignedShort optional
(@) sourcelPaddress TP address ( v4 or v6 ) optional
@) destinationfPaddress IP address (v4 or v6) optional
(@) destinationPort xsumsignedShort optional
¢ | '9:mediaPresentationDescription 0 X
¢ mpdURI xs:anyURI
¢| r12:appService 0 X
¢ | identicalContent 0 unbounded
¢/ basePattern xs:anyURI 2 | unbounded
¢ | alternativeContent
¢/ basePattern xs:anyURI 0 | unbounded
@ appServiceDescriptionURI | xs:anyURI required
@) mimeType xs:string required
@| serviceld xs:anyURI required
@] 7:servioeClass ssiting X
¢ 7initiationRandomization 0 %
@] initiationStartTime xsunsignedint optional
(@] protectionPeriod xsunsignedint tequired
@] randomTimePeriod xsumsignedint required
¢ | r7:terminationRandomization 0 X
(@] protectionPeriod xsumsignedint Tequired
@] randomTimePeriod xsumsignedint required
@, fecDescriptionURI xs:anyURT optional
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FIG. 47

USD Full MPD

ATSC SDP ROUTE sessions

LSIDs

C470300
. 2 ' _— _—~ LTEBroadcast
D e [ Mobil } UHD Video C470500
basePattern]
Biz l
Arrangement
HD Video <=  Broadcast
Broadcaster HD Video | basePattern2
Audio Audio [ basePattern3
C470200 DP id3

2™ Audio Unicast
basePatternd
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FIG. 48
FIC service 3SC
Includes
SSC bootstrapping
(a)
USD —— ApSweMPD |
DeliveryMethod | or |
broadcastAppservice I |
i ¢MBMS MPD i
bascPattern A —— ]
b 3GPP SDP
unicastAppService
I.J‘asePattern Full MPD
}
atscAppService
—  ATSC SDP » = ROUTE sessions
Includes
bascPattem ROUTE session
} information \
. — CMT
atscServiceDescription bascPattern LSIDs
DP ID

(b)
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> 490100

> C490200

clement / attribute type minOccurs| maxOccurs
¢ | bundleDescription
¢ | wserServiceDescription x ushounded
¢ | atseServiceDescription
@] protocolVersion optional
@] atscServiceld required
@] glovalServiceld same as Serviceld of the USD | optional
@| fullMpdURL xs:anyURI optional
¢ | atscSdpURT s:anyURT 0 N
¢ | CapabilityDescription TBD 0 [
¢ | TargetingDescription TBD 0 I
¢ | ContentAdvisoryDescription | TBD 0 I
¢ | ProgramTitleDescription xs:siring 0 I
¢ | ContentLabelDescription TBD 0 i
¢ | OrigianiServiceld ] !
¢ name xsistring 0 unbounded
@] lang s langauge optional
¢| serviceLanguage xs:langauge 0 unbounded
¢ | requiredCapabilities 0 {
o] feature xs:unsignedint ! unbounded
¢ | deliveryMethod X unbounded
¢ | 7-umicastAccessURT 0 unbounded
¢ | 8:alternativeAccessDelivery 0 X
¢ | 112:broadeastAppService 0 unbounded
¢ | basePattern xs:anyURT x unbounded
¢ serviceArea xsunsignedShort 0 unbounded
e | ri2:unicastAppService 0 unbounded
¢ basePattern xs:anyURI x unbounded
e | atscAppService 0 unbonnded
@ rep id xs:unsignedint optional
@) bascPatiern xs:anyURI optional
@ transportStreamId xsunsignedShort optional
@ partitionld xsumsignedShort optional
@, sourcelPaddress IP address ( v4 or v6 } optional
@ destinationPaddress IP address ( v4 or v6 ) optional
@, destinationPort xsunsignedShort optional
@) accessGroupld xs:nonNegativelnteger optional
@) associatedProcedure xs:anyURT optional
DescriptionURT
@ protectionDescriptionUR1 xs:anyURI optional
@) sessiotDescriptionURI xs:anyURT tequired
@) accessPoiniName xs:anyURT optional
¢| r12:appService 0 %
¢ | identicalContent 0 unbounded
¢ | basePattern xs:anyURI 2 | unbounded
¢ | aliernativeContent
¢ bascPattern xs:anyURT 0 unbounded
@| appServiceDeseriptionURL | xs:anyURI required
@ mimeType xs:siting tequired
@| serviceld xs:anyURI required
@ 1T:serviceClass xs:string X
¢ | r7:initiationRandomization 0 X
@] nitiationStartTime xsunsignedint optional
@] protectionPeriod ssumsignedint required
@] randomTimePeriod xsunsignedint Tequired
¢ | 17:ferminationRandomization 0 X
@] protectionPeriod xsunsignedint Tequired
@] random TimePeriod xs:unsignedint required
@) fecDesctiptionURI xs:anyURI optional
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FIG. 50
USD Full MPD
CMT ATSC SDP ROUTE sessions
LSIDs
(a)

(500300
2 — — LIE Broadcast
UHD Video Mobile .
(enhanced) [ Carrier J UHD Video C500500
basePattern]
Biz l
Arrangement
HD Video __ X Broadcast
Broadcaster HD Video | basePattern2
Audio Audio basePattern3
(500200 DP id3

2™ Audio | Unicast
basePatternd
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FIG. 51
FIC service qSC
Includes
SSC bootstrapping
(a)
USD —— AppSveMPD | |
DeliveryMethod | or |
broadcastAppservice 1 I
{ | eMBMS MPD i
basePattern I —— L
) 3GPP SDP
unicastAppService
P‘asePattem Full MPD
)
atscAppService
ATSC SDP " ROUTE sessions
: cludes
rep_id ROUTE session
) information
. — CMT
atscServiceDescription Rep id LSIDs
DP ID




U.S. Patent Jan. 30, 2024 Sheet 46 of 69 US 11,888,916 B2

FIG. 52
USD Full MPD
CMT ATSC SDP ROUTE sessions
LSIDs
(a)

520300
: ? : _——7 = LTE Broadcast
s | [ ke UED Vi csuso
basePattern]
Biz l
Arrangement
HD Video ~—  Broadcast
Broad@ HD Video | Rep_id2
Audio Ao |Rep id3
520200 DP id3

2™ Audio Unicast
basePatternd
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FIG. 93

FIC service

US 11,888,916 B2

USD

atscServiceDescription

Includes

SSC

SSC bootstrapping

(2)

Full MPD

ATSC SDP

Includes

ROUTE sessions

ROUTE session

CMT

information

J

BroadcastComp

rep_id
DP id

L

LSIDs

BBComp

eMBMSComp

(b)
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FIG. 54
USD Full MPD
CMT ATSC SDP ROUTE sessions
1
LSIDs
(a)

(540300

i Mobil .
P:Ea;ggg(; [ C;rrilei ] UHD Video 540500
repld]
Biz l
Arrangement [
HD Video X Broadcast
Broadcaster HD Video | repld2
Audio Audio repld3
540200 DP id3

2™ Audio Broadband
repld4




U.S. Patent Jan. 30, 2024 Sheet 49 of 69 US 11,888,916 B2

FIG. 55
FIC service 3SC
Includes
SSC bootstrapping
(a)
i AppSve MPD i
|
USD —~{ MBMSMPD | |
SPD 3GPP SDP 2) LCT session info + DP id ( no CMT )
1) CMT + SDP (ROUTE session ) | |
CMTDP_ID ROUTE sessions LCT S?;%Oﬁg( T81)
i
LSIDs
TSI TSIs are duplicated.
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Second embodiment |  Third and fourth , ‘
First embodiment | ( USD extension ( %Ig%ogfgirgin Fifth _embodlment Sixth embodiment
- DP IDin CMT)

- Separate - No CMT - No layering - Most simple - SDP extension
signaling for - Less complexity | violation for USD | - No layering - Extensibility
3GPP and ATSC. | than LGE #1 extension violation

PIOS | _ Extensibility - Separate signaling | - Separate signaling
using USD using USD
extension extension

- Duplication for the | - eMBMS signaling | - Optional attribute |- Hard to compromise| - Hard to compromise
broadband layering violation | (basePattern) with Sony with LGE
component should be used in - Complexity

PIOS | . Complexity the CMT.
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FIG. 57
Generate service data —— (S570100
Generate signaling data —— (5570200

Transmit broadcast signal including

service data and signaling data —— 5570300
FIG. 58
Receive broadcast signal including |
service data and signaling data (5580100
Acquire signaling data —— (5580200
Acquire service data on the basis | 9580300

of signaling data
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FIG. 59
FIC service
Includes
SSC bootstrapping
SSC
L[ AppSveMPD ﬂ
or
UsD ~[ AMBMSMPD |,
fatscServiceDescription — _3EPP_ S]i’_ |
DeliveryMethod ROUTE
atscAppService ATSCSDP | [~ __scssion L3ID
/basePattern X -
appService | ATSCSDP | ROUTE LSD
session
FullMPD |  Inchides
ROUTﬁession

information
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element/attribute fype minQceurs | maxOccurs
¢ | bundleDescription
_ le|userServiceDesenption. | _ _ _ _ _ _ | minOccurs | unbounded |
T1Te atscServiceDescription .]I
| @] protocolVersion minQOccurs |
: @) atscServiceid xs:unsignedShort minQOceurs |
@) globalServiceid same as Serviceld of the USD | minOceurs
| e| atscSdpURI xs:anyURI 0 N :vaGOOIOO
| ¢ | CapabillityDescription TBD 0 1
| ¢ | TargetingDescription TBD 0 | :
| ¢ | ContentAdvisoryDescription TBD 0 1
:_ ¢ | ProgramTitleDescription xs:string 0 1 _:
CTleme — T Xesmng T T T — — 0~ | unbounded ]
@) lang xs:langauge optional
¢| serviceLanguage xs:langauge 0 unbounded
¢ | requiredCapabillities 0 unbounded
| lelfeatore xsumsignedInt | 1 _| unbounded ]
:~ ¢ | deliveryMethod X unbounded —:
| e | 7-unicastAccessURI 0 X |
| ¢ | basePattern xs.anyURI X unbounded |
| ¢ | 8:alternativeAccessDelivery 0 X |
| ¢ | unicastAccessDelivery xs:anyURIdI 0 l unbounded |
a| timeShifingBuffer xs:unsignedInt optional | default=0
: ¢ | rl2:broadcastAppService 0 unbounded ‘kaé(}{)?.OO
¢ basePattern xs:anyURI 1 unbounded |
| a| serviceArea xs:unsignedShort 0 unbounded |
: e| rl2:unicastAppService 0 unbounded |
| ¢ | basePattern xs:anyURI ] unbounded |
e | atscAppService 0 unbounded |
I_ ¢| basePattern xs:anyURI ] unbounded |
| (@ accessGroupid — — — Xs.monNegativelnteger | optiomal | |
@) associatedProcedureDescriptionURI | xs:anyURI optional
@] protectionDescriptionURI xs:anyURI opfional
@) sesstonDescriptionURI xs:anyURI required
| | |@ accessPomntName xsanyURL. - optional | |
T1Te appSertvee 0 x|
| ¢ | identicalContent 0 unbounded |
: ¢| basePttern xs:anyURI 2 unbounded :
¢ | altemativeContent
| ¢ | basePttern xs:anyURI 0 unbounded | ™ (600300
| @| appServiceDescriptionURT xs:anyURT required |
:_ (@ mimeType xs:siring required _i
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FIG. 61
URI(sdpUr) Element or Attribute Name | Use
soprr LSD
ATSC SDP (@version 0
V=b’ caudi @validFrom 0
s=robust-audio —
’ t
{=.... o=jdoe 2890844526 2890842807 IN IP4 source[Paddress T@rg‘s’lfrggssion ION
a=source-filter: incl IN 1P6 * (sourcd[Paddress) i
¢=IN IP4 destinationIPaddress @i M
m=APPLICATION destinatinPort ROUTE/UDP 0 @DP id 0
a=atsc-mode: transportstream id, DP_id SourceFlow 0..1
a=route-tsi: tsi RepairFlow 0.1

(2) (b)
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FIG. 63

LSID SDP MPD
Session time | 0 — X O(mandafory)
[P/Port X O (session level)
TSI 0 0
FEC 0 0—X
Language X 0—X 0
Data Rate X 0—X 0
FIG. 64
¢| ATSC USD or SMT
(@] protocolVersion optional
(@] atscServiceld xs:unisignedShort required
globalServiceld same as Service of the USD optional
%_ﬁiﬂMdeRI xs:anyUSD optional
¢ | atscSdpURI xs:anyUSD 0 N
(] essentialSdp xs:boolean optional | defaul=1
¢ | CapabullityDescription xs:string 0 |
¢ | TargetingDescription TBD 0 1
(a) ¢| ContentAdvisoryDescription | TBD 0 1
¢ | ProgramTitleDescription 0 1
A 32-lf)iél un\sli ed mteger quantity thztirs;hall léle th?l saconds
o | part of the NTP timestamp corresponding to that shall represent ;
(@) current_prograrm, start time I[)he start time of the curre§§ prggrgzgl. ’I'lu% timestamp isec%mputed optional
according to the specification in NTPv4 [21]
(@] current program duration | This field shall give the duration of this program mn seconds. optional
e| title fext Xs:string 0  |unbounded
¢| lang xs:langauge optional
¢ | ContentLableDescription TBD 0 1
¢ | OrigmalServiceldDescription 0 1
(@] OriginalServiceld xs:unsignedShort

capability string code = ubyte "=" 1*csc

ubyte = 1*3DIGIT

(b) | esc=*(csc-char)

CSC_ChaI= DIGIT/ALPHA/ N / “(" / ")" / "+” / ll_“ / ﬂ’"/
"_" / !l." / Vl/"/‘ ll:ﬂ / .. /!!?ll
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FIC service
Includes
SSC bootstrapping { Join
SSC
USD
@pr()t()co]_version C66(§210 660310 (660410
@servicelD
olbalServiceID Join
e i
€8
%URL C660230 R?;.IfTE session
VErsion formation
i ROUTE ROUTE
%PU%II{H | ATSCSDP l_'/ session session )
(@major_version 0660330 Join 660430
@minor version [~ MPD e Video |
. Audio Jom
] 18-V R
] IS-A —
] 1S-C e ——
FIG. 67
ATSC3.0 USD X |unbounded
@) protocolVersion optional
(@), atscServiceld xs:unsignedShort required
@, globalServiceld same as Serviceld of the USD | optional
¢| atcsSdpUn 0 N
@] version xs:unsignedint required
@] url xs:anyURI required
¢| fulMpdUri 1 1
(@] major version xs:unsignedint required
(@) minor version xs:unsignedint required
@] url xs:anyURI required
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FIG. 70
FIC service
Includes
SSC bootstrapping
SSC
USD
@protocol_version G
@service]D~ sesston | | CT700310
%iﬁé‘;ﬁ%%"“”’ | [ ATSCSDP Sl cr0it
@ X RO{In'l?}lzPS:sssion
@version Information
/MPDUrni
QURL / ROUTE sessi
@major_version S sesston | C700330
@ninor version ~ T~—~{  MPD |- SO H—LlC00331
I 8V
[ KA ——
] 15C |——
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FIG. 71
FIC service
Includes
SSC bootstrapping |
SSC
C710200 C710210
ATSC_USD ) )
%ls’g?ccé’[%m‘m L1 tATSC P/ c71(z310 c71(0311
V= 0= 5= 1=
@golbalServicelD "= application destUDPPort! ROUTE/UDP 0! -
fatscSdpURI = IN'TP4 destIPAddr] | | ROUTE sessign
@URL : a= source-filter; incl IN IP4 sourcd[PAddr] |F+ LSID
@version 2= tscmode: (BCStreamIDL, DP_IDI) —
"= application destUDPPort2 ROUTE/UDP 0 :
| ¢= IN IP4 destlPAdr? | [ROUTE session
VPD : a= source-filter: incl IN IP4 sourcd[PAddr2 :"" LSID
= atsc-mode: (BCStreamID1,DP_ID2) |
k. | T S = \ ?

C710220  C710331 C710330

m= (media name and transport address)

—= m=application (Port) ROUTE/UDP 0

¢=* (connection information -- optional if included at session level)
—= ¢= IN (version) (destinationIPaddress)

a=* (zero or more media attribute lines)

— a=source-filter: incl IN (version) (sourcelPaddress)

— = a=atsc-mode: (broadcastStreamID, dataPipeID)

(b)
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FIG. 78

Start

Encode broadcast data for one or more broadcast services —JS78010

Encode first level signaling information including information [ 1978090
describing properties of one or more broadcast services

Encode second level signaling information including information | 178030
for scanning one or more broadcast services

Generate broadcast signal including broadcast data, | 1<78040
first level signaling information and second level signaling information

End

FIG. 79
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J79110-1— Broadcast data encoder Display —1-J79230
J79120+—  Signaling encoder Processor —+179220
J79130—— Broadcast signal generator Broadcast signal receiver [—J79210
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BROADCAST SIGNAL TRANMISSION
DEVICE, BROADCAST SIGNAL RECEPTION
DEVICE, BROADCAST SIGNAL
TRANMISSION METHOD, AND
BROADCAST SIGNAL RECEPTION
METHOD

This application is a continuation of U.S. patent applica-
tion Ser. No. 16/989,173, filed on Aug. 10, 2020, now
allowed, which is a continuation U.S. patent application Ser.
No. 15/118,679, filed on Aug. 12, 2016, now U.S. Pat. No.
10,742,705, issued on Aug. 11, 2020, which is a National
Stage entry of International Application No. PCT/KR2015/
012540, filed on Nov. 20, 2015, which claims the benefit of
U.S. Provisional Application No. 62,082,131 filed on Nov.
20, 2014, the contents of which are all hereby incorporated
by reference herein in their entirety.

TECHNICAL FIELD

The present invention relates to an apparatus for trans-
mitting a broadcast signal, an apparatus for receiving a
broadcast signal and methods for transmitting and receiving
a broadcast signal.

BACKGROUND ART

As analog broadcast signal transmission comes to an end,
various technologies for transmitting/receiving digital
broadcast signals are being developed. A digital broadcast
signal may include a larger amount of video/audio data than
an analog broadcast signal and further include various types
of additional data in addition to the video/audio data.

DISCLOSURE
Technical Problem

That is, a digital broadcast system can provide HD (high
definition) images, multichannel audio and various addi-
tional services. However, data transmission efficiency for
transmission of large amounts of data, robustness of trans-
mission/reception networks and network flexibility in con-
sideration of mobile reception equipment need to be
improved for digital broadcasting.

Technical Solution

According to an aspect of the present invention, a method
for generating and processing a broadcast signal includes:
encoding broadcast data for one or more broadcast services;
encoding first level signaling information including infor-
mation describing properties of the one or more broadcast
services; encoding second level signaling information
including information for scanning the one or more broad-
cast services; and generating a broadcast signal including the
broadcast data, the first level signaling information and the
second level signaling information, wherein the first level
signaling information includes user service description
(USD) information describing service layer properties with
respect to the broadcast services, wherein the USD infor-
mation includes capability information specifying capabili-
ties necessary to present broadcast content of the broadcast
services.

The USD information may further include essential flag
information indicating whether the capability information
corresponds to essential capability information about capa-
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bilities essentially necessary to render the broadcast services
or the broadcast content or normal capability information
about capabilities necessary to process a specific element
included in the broadcast services or the broadcast content
although not essential to render the broadcast services or the
broadcast content.

The USD information may further include physical layer
pipe (PLP) identification information for identifying a PLP
through which transport session description information
providing information for acquiring a component included
in the broadcast services is transmitted.

The second level signaling information may include mini-
mum capability information specifying minimum capabili-
ties of a receiver, necessary to decode the one or more
broadcast services.

The first level signaling information may include media
presentation description (MPD) information providing
transport session description information for acquiring a
component included in the broadcast services and informa-
tion necessary to stream the broadcast services.

The USD information may further include MPD uniform
resource identifier (URI) information indicating a URI
specifying a location to which the MPD information is
provided.

The USD information may further include URI informa-
tion indicating a URI specifying a location to which the
transport session description information is provided.

According to another aspect of the present invention, a
broadcast signal receiver includes: a broadcast signal recep-
tion unit for receiving a broadcast signal including broadcast
data for one or more broadcast services, first level signaling
information including information describing properties of
the one or more broadcast services and encoding second
level signaling information including information for scan-
ning the one or more broadcast services, and a processor for
controlling the broadcast signal receiver to present the
broadcast services by acquiring the broadcast services using
the second level signaling information and the first level
signaling information, wherein the first level signaling infor-
mation includes USD information describing service layer
properties with respect to the broadcast services, wherein the
USD information includes capability information specifying
capabilities necessary to present broadcast content of the
broadcast services.

The USD information may further include essential flag
information indicating whether the capability information
corresponds to essential capability information about capa-
bilities essentially necessary to render the broadcast services
or the broadcast content or normal capability information
about capabilities necessary to process a specific element
included in the broadcast services or the broadcast content
although not essential to render the broadcast services or the
broadcast content.

The USD information may further include PLP identifi-
cation information for identifying a PLP through which
transport session description information providing infor-
mation for acquiring a component included in the broadcast
services is transmitted.

The second level signaling information may include mini-
mum capability information specifying minimum capabili-
ties of a receiver, necessary to decode the one or more
broadcast services.

The first level signaling information may include MPD
information providing transport session description infor-
mation for acquiring a component included in the broadcast
services and information necessary to stream the broadcast
services.
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The USD information may further include MPD URI
information indicating a URI specifying a location to which
the MPD information is provided.
The USD information may further include URI informa-
tion indicating a URI specifying a location to which the
transport session description information is provided.

Advantageous Effects

The present invention can control quality of service (QoS)
with respect to services or service components by processing
data on the basis of service characteristics, thereby providing
various broadcast services.

The present invention can achieve transmission flexibility
by transmitting various broadcast services through the same
radio frequency (RF) signal bandwidth.

The present invention can provide methods and appara-
tuses for transmitting and receiving broadcast signals, which
enable digital broadcast signals to be received without error
even when a mobile reception device is used or even in an
indoor environment.

The present invention can effectively support future
broadcast services in an environment supporting future
hybrid broadcasting using terrestrial broadcast networks and
the Internet.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

FIG. 1 illustrates a receiver protocol stack according to an
embodiment of the present invention;

FIG. 2 illustrates a relation between an SLT and service
layer signaling (SLS) according to an embodiment of the
present invention;

FIG. 3 illustrates an SLT according to an embodiment of
the present invention;

FIG. 4 illustrates SLS bootstrapping and a service dis-
covery process according to an embodiment of the present
invention;

FIG. 5 illustrates a USBD fragment for ROUTE/DASH
according to an embodiment of the present invention;

FIG. 6 illustrates an S-TSID fragment for ROUTE/DASH
according to an embodiment of the present invention;

FIG. 7 illustrates a USBD/USD fragment for MMT
according to an embodiment of the present invention;

FIG. 8 illustrates a link layer protocol architecture accord-
ing to an embodiment of the present invention;

FIG. 9 illustrates a structure of a base header of a link
layer packet according to an embodiment of the present
invention;

FIG. 10 illustrates a structure of an additional header of a
link layer packet according to an embodiment of the present
invention;

FIG. 11 illustrates a structure of an additional header of a
link layer packet according to another embodiment of the
present invention;

FIG. 12 illustrates a header structure of a link layer packet
for an MPEG-2 TS packet and an encapsulation process
thereof according to an embodiment of the present inven-
tion;
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FIG. 13 illustrates an example of adaptation modes in IP
header compression according to an embodiment of the
present invention (transmitting side);

FIG. 14 illustrates a link mapping table (LMT) and an
RoHC-U description table according to an embodiment of
the present invention;

FIG. 15 illustrates a structure of a link layer on a trans-
mitter side according to an embodiment of the present
invention;

FIG. 16 illustrates a structure of a link layer on a receiver
side according to an embodiment of the present invention;

FIG. 17 illustrates a configuration of signaling transmis-
sion through a link layer according to an embodiment of the
present invention (transmitting/receiving sides);

FIG. 18 is a block diagram illustrating a configuration of
a broadcast signal transmission apparatus for future broad-
cast services according to an embodiment of the present
invention;

FIG. 19 is a block diagram illustrating a bit interleaved
coding & modulation (BICM) block according to an
embodiment of the present invention;

FIG. 20 is a block diagram illustrating a BICM block
according to another embodiment of the present invention;

FIG. 21 illustrates a bit interleaving process of physical
layer signaling (PLS) according to an embodiment of the
present invention;

FIG. 22 is a block diagram illustrating a configuration of
a broadcast signal reception apparatus for future broadcast
services according to an embodiment of the present inven-
tion;

FIG. 23 illustrates a signaling hierarchy structure of a
frame according to an embodiment of the present invention;

FIG. 24 is a table illustrating PL.S1 data according to an
embodiment of the present invention;

FIG. 25 is a table illustrating PL.S2 data according to an
embodiment of the present invention;

FIG. 26 is a table illustrating PL.S2 data according to
another embodiment of the present invention;

FIG. 27 illustrates a logical structure of a frame according
to an embodiment of the present invention;

FIG. 28 illustrates PL.S mapping according to an embodi-
ment of the present invention;

FIG. 29 illustrates time interleaving according to an
embodiment of the present invention;

FIG. 30 illustrates a basic operation of a twisted row-
column block interleaver according to an embodiment of the
present invention;

FIG. 31 illustrates an operation of a twisted row-column
block interleaver according to another embodiment of the
present invention;

FIG. 32 is a block diagram illustrating an interleaving
address generator including a main pseudo-random binary
sequence (PRBS) generator and a sub-PRBS generator
according to each FFT mode according to an embodiment of
the present invention;

FIG. 33 illustrates a main PRBS used for all FFT modes
according to an embodiment of the present invention;

FIG. 34 illustrates a sub-PRBS used for FFT modes and
an interleaving address for frequency interleaving according
to an embodiment of the present invention;

FIG. 35 illustrates a write operation of a time interleaver
according to an embodiment of the present invention;

FIG. 36 is a table illustrating an interleaving type applied
according to the number of PLPs;

FIG. 37 is a block diagram including a first example of a
structure of a hybrid time interleaver;
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FIG. 38 is a block diagram including a second example of
the structure of the hybrid time interleaver;

FIG. 39 is a block diagram including a first example of a
structure of a hybrid time deinterleaver;

FIG. 40 is a block diagram including a second example of
the structure of the hybrid time deinterleaver;

FIG. 41 is a block diagram illustrating a configuration of
a broadcast system according to an embodiment of the
present invention;

FIG. 42 illustrates a configuration of signaling data
according to a first embodiment of the present invention;

FIG. 43 illustrates a service according to the first embodi-
ment of the present invention;

FIG. 44 illustrates an SMT according to the first embodi-
ment of the present invention;

FIG. 45 illustrates a configuration of signaling data
according to a second embodiment of the present invention;

FIG. 46 illustrates USD according to the second embodi-
ment of the present invention;

FIG. 47 illustrates a service according to the second
embodiment of the present invention;

FIG. 48 illustrates a configuration of signaling data
according to a third embodiment of the present invention;

FIG. 49 illustrates USD according to the third embodi-
ment of the present invention;

FIG. 50 illustrates a service according to the third embodi-
ment of the present invention;

FIG. 51 illustrates a configuration of signaling data
according to a fourth embodiment of the present invention;

FIG. 52 illustrates a service according to the fourth
embodiment of the present invention;

FIG. 53 illustrates a configuration of signaling data
according to a fifth embodiment of the present invention;

FIG. 54 illustrates a service according to the fifth embodi-
ment of the present invention;

FIG. 55 illustrates a configuration of signaling data
according to a sixth embodiment of the present invention;

FIG. 56 illustrates effects of signaling according to the
first to sixth embodiments of the present invention;

FIG. 57 is a flowchart illustrating a broadcast transmis-
sion method according to an embodiment of the present
invention;

FIG. 58 is a flowchart illustrating a broadcast reception
method according to an embodiment of the present inven-
tion;

FIG. 59 illustrates a configuration of signaling data
according to a seventh embodiment of the present invention;

FIG. 60 illustrates a USD according to the seventh
embodiment of the present invention;

FIG. 61 illustrates an ATSC SDP and/or an LSID accord-
ing to the seventh embodiment of the present invention;

FIG. 62 illustrates service layer signaling according to the
seventh embodiment of the present invention;

FIG. 63 illustrates a method of reducing a signaling size
according to an eighth embodiment of the present invention;

FIG. 64 illustrates a USD according to a ninth embodi-
ment of the present invention;

FIG. 65 illustrates service layer signaling according to a
ninth embodiment of the present invention;

FIG. 66 illustrates a configuration of signaling data
according to a tenth embodiment of the present invention;

FIG. 67 illustrates a configuration of signaling data
according to the tenth embodiment of the present invention;

FIG. 68 illustrates an example of transmission according
to service layer signaling data transmission intervals accord-
ing to the tenth embodiment of the present invention;
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FIG. 69 illustrates an example of transmission according
to the service layer signaling data transmission intervals
according to the tenth embodiment of the present invention;

FIG. 70 illustrates a configuration of signaling data
according to a thirteenth embodiment of the present inven-
tion;

FIG. 71 illustrates an SDP according to the thirteenth
embodiment of the present invention;

FIG. 72 illustrates service layer signaling according to the
thirteenth embodiment of the present invention;

FIG. 73 illustrates service layer signaling according to the
thirteenth embodiment of the present invention;

FIG. 74 illustrates a signaling structure for signaling
capabilities of a receiver for consuming broadcast services/
content according to an embodiment of the present inven-
tion;

FIG. 75 illustrates a procedure through which the receiver
accesses broadcast services/content using the signaling
structure according to an embodiment of the present inven-
tion;

FIG. 76 illustrates a USD which provides information
about a transport session through which data of broadcast
services/content is transmitted according to an embodiment
of the present invention;

FIG. 77 illustrates a procedure through which the receiver
accesses broadcast services/content using a signaling struc-
ture according to an embodiment of the present invention;

FIG. 78 is a flowchart illustrating a method for generating
and processing a broadcast signal according to an embodi-
ment of the present invention; and

FIG. 79 is a block diagram of a broadcast system accord-
ing to an embodiment of the present invention.

BEST MODE

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings. The detailed
description, which will be given below with reference to the
accompanying drawings, is intended to explain exemplary
embodiments of the present invention, rather than to show
the only embodiments that can be implemented according to
the present invention. The following detailed description
includes specific details in order to provide a thorough
understanding of the present invention. However, it will be
apparent to those skilled in the art that the present invention
may be practiced without such specific details.

Although the terms used in the present invention are
selected from generally known and used terms, some of the
terms mentioned in the description of the present invention
have been selected by the applicant at his or her discretion,
the detailed meanings of which are described in relevant
parts of the description herein. Furthermore, it is necessary
that the present invention is understood, not simply by the
actual terms used but by the meanings of each term lying
within.

The present invention provides apparatuses and methods
for transmitting and receiving broadcast signals for future
broadcast services. Future broadcast services according to
an embodiment of the present invention include a terrestrial
broadcast service, a mobile broadcast service, an ultra high
definition television (UHDTV) service, etc. The present
invention may process broadcast signals for the future
broadcast services through non-MIMO (Multiple Input Mul-
tiple Output) or MIMO according to one embodiment. A
non-MIMO scheme according to an embodiment of the
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present invention may include a MISO (Multiple Input
Single Output) scheme, a SISO (Single Input Single Output)
scheme, etc.

FIG. 1 illustrates a receiver protocol stack according to an
embodiment of the present invention.

Two schemes may be used in broadcast service delivery
through a broadcast network.

In a first scheme, media processing units (MPUs) are
transmitted using an MMT protocol (MMTP) based on
MPEG media transport (MMT). In a second scheme,
dynamic adaptive streaming over HTTP (DASH) segments
may be transmitted using real time object delivery over
unidirectional transport (ROUTE) based on MPEG DASH.

Non-timed content including NRT media, EPG data, and
other files is delivered with ROUTE. Signaling may be
delivered over MMTP and/or ROUTE, while bootstrap
signaling information is provided by the means of the
Service List Table (SLT).

In hybrid service delivery, MPEG DASH over HTTP/
TCP/IP is used on the broadband side. Media files in ISO
Base Media File Format (BMFF) are used as the delivery,
media encapsulation and synchronization format for both
broadcast and broadband delivery. Here, hybrid service
delivery may refer to a case in which one or more program
elements are delivered through a broadband path.

Services are delivered using three functional layers. These
are the physical layer, the delivery layer and the service
management layer. The physical layer provides the mecha-
nism by which signaling, service announcement and IP
packet streams are transported over the broadcast physical
layer and/or broadband physical layer. The delivery layer
provides object and object flow transport functionality. It is
enabled by the MMTP or the ROUTE protocol, operating on
a UDP/IP multicast over the broadcast physical layer, and
enabled by the HTTP protocol on a TCP/IP unicast over the
broadband physical layer. The service management layer
enables any type of service, such as linear TV or HTML5
application service, to be carried by the underlying delivery
and physical layers.

In this figure, a protocol stack part on a broadcast side
may be divided into a part transmitted through the SLT and
the MMTP, and a part transmitted through ROUTE.

The SLT may be encapsulated through UDP and IP layers.
Here, the SLT will be described below. The MMTP may
transmit data formatted in an MPU format defined in MMT,
and signaling information according to the MMTP. The data
may be encapsulated through the UDP and IP layers.
ROUTE may transmit data formatted in a DASH segment
form, signaling information, and non-timed data such as
NRT data, etc. The data may be encapsulated through the
UDP and IP layers. According to a given embodiment, some
or all processing according to the UDP and IP layers may be
omitted. Here, the illustrated signaling information may be
signaling information related to a service.

The part transmitted through the SLT and the MMTP and
the part transmitted through ROUTE may be processed in
the UDP and IP layers, and then encapsulated again in a data
link layer. The link layer will be described below. Broadcast
data processed in the link layer may be multicast as a
broadcast signal through processes such as encoding/inter-
leaving, etc. in the physical layer.

In this figure, a protocol stack part on a broadband side
may be transmitted through HTTP as described above. Data
formatted in a DASH segment form, signaling information,
NRT information, etc. may be transmitted through HTTP.
Here, the illustrated signaling information may be signaling
information related to a service. The data may be processed
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through the TCP layer and the IP layer, and then encapsu-
lated into the link layer. According to a given embodiment,
some or all of the TCP, the IP, and the link layer may be
omitted. Broadband data processed thereafter may be trans-
mitted by unicast in the broadband through a process for
transmission in the physical layer.

Service can be a collection of media components pre-
sented to the user in aggregate; components can be of
multiple media types; a Service can be either continuous or
intermittent; a Service can be Real Time or Non-Real Time;
Real Time Service can consist of a sequence of TV pro-
grams.

FIG. 2 illustrates a relation between the SLT and SLS
according to an embodiment of the present invention.

Service signaling provides service discovery and descrip-
tion information, and comprises two functional components:
Bootstrap signaling via the Service List Table (SLT) and the
Service Layer Signaling (SLS). These represent the infor-
mation which is necessary to discover and acquire user
services. The SLT enables the receiver to build a basic
service list, and bootstrap the discovery of the SLS for each
service.

The SLT can enable very rapid acquisition of basic service
information. The SLS enables the receiver to discover and
access services and their content components. Details of the
SLT and SLS will be described below.

As described in the foregoing, the SLT may be transmitted
through UDP/IP. In this instance, according to a given
embodiment, data corresponding to the SLT may be deliv-
ered through the most robust scheme in this transmission.

The SLT may have access information for accessing SL.S
delivered by the ROUTE protocol. In other words, the SLT
may be bootstrapped into SLS according to the ROUTE
protocol. The SLS is signaling information positioned in an
upper layer of ROUTE in the above-described protocol
stack, and may be delivered through ROUTE/UDP/IP. The
SLS may be transmitted through one of LCT sessions
included in a ROUTE session. It is possible to access a
service component corresponding to a desired service using
the SLS.

In addition, the SLT may have access information for
accessing an MMT signaling component delivered by
MMTP. In other words, the SL'T may be bootstrapped into
SLS according to the MMTP. The SLS may be delivered by
an MMTP signaling message defined in MMT. It is possible
to access a streaming service component (MPU) correspond-
ing to a desired service using the SL.S. As described in the
foregoing, in the present invention, an NRT service compo-
nent is delivered through the ROUTE protocol, and the SL.S
according to the MMTP may include information for access-
ing the ROUTE protocol. In broadband delivery, the SLS is
carried over HTTP(S)/TCP/IP.

FIG. 3 illustrates an SLT according to an embodiment of
the present invention.

First, a description will be given of a relation among
respective logical entities of service management, delivery,
and a physical layer.

Services may be signaled as being one of two basic types.
First type is a linear audio/video or audio-only service that
may have an app-based enhancement. Second type is a
service whose presentation and composition is controlled by
a downloaded application that is executed upon acquisition
of the service. The latter can be called an “app-based”
service.

The rules regarding presence of ROUTE/LCT sessions
and/or MMTP sessions for carrying the content components
of a service may be as follows.
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For broadcast delivery of a linear service without app-
based enhancement, the service’s content components can
be carried by either (but not both): (1) one or more ROUTE/
LCT sessions, or (2) one or more MMTP sessions.

For broadcast delivery of a linear service with app-based
enhancement, the service’s content components can be car-
ried by: (1) one or more ROUTE/LCT sessions, and (2) zero
or more MMTP sessions.

In certain embodiments, use of both MMTP and ROUTE
for streaming media components in the same service may
not be allowed.

For broadcast delivery of an app-based service, the ser-
vice’s content components can be carried by one or more
ROUTE/LCT sessions.

Each ROUTE session comprises one or more LCT ses-
sions which carry as a whole, or in part, the content
components that make up the service. In streaming services
delivery, an LCT session may carry an individual component
of a user service such as an audio, video or closed caption
stream. Streaming media is formatted as DASH Segments.

Each MMTP session comprises one or more MMTP
packet flows which carry MMT signaling messages or as a
whole, or in part, the content component. An MMTP packet
flow may carry MMT signaling messages or components
formatted as MPUs.

For the delivery of NRT User Services or system meta-
data, an LCT session carries file-based content items. These
content files may consist of continuous (time-based) or
discrete (non-time-based) media components of an NRT
service, or metadata such as Service Signaling or ESG
fragments. Delivery of system metadata such as service
signaling or ESG fragments may also be achieved through
the signaling message mode of MMTP.

A broadcast stream is the abstraction for an RF channel,
which is defined in terms of a carrier frequency centered
within a specified bandwidth. It is identified by the pair
[geographic area, frequency]. A physical layer pipe (PLP)
corresponds to a portion of the RF channel Each PLP has
certain modulation and coding parameters. It is identified by
a PLP identifier (PLPID), which is unique within the broad-
cast stream it belongs to. Here, PLP can be referred to as DP
(data pipe).

Each service is identified by two forms of service iden-
tifier: a compact form that is used in the SLT and is unique
only within the broadcast area; and a globally unique form
that is used in the SLS and the ESG. A ROUTE session is
identified by a source IP address, destination IP address and
destination port number. An LCT session (associated with
the service component(s) it carries) is identified by a trans-
port session identifier (TSI) which is unique within the scope
of the parent ROUTE session. Properties common to the
LCT sessions, and certain properties unique to individual
LCT sessions, are given in a ROUTE signaling structure
called a service-based transport session instance description
(S-TSID), which is part of the service layer signaling. Each
LCT session is carried over a single physical layer pipe.
According to a given embodiment, one LCT session may be
transmitted through a plurality of PLPs. Different LCT
sessions of a ROUTE session may or may not be contained
in different physical layer pipes. Here, the ROUTE session
may be delivered through a plurality of PL.Ps. The properties
described in the S-TSID include the TSI value and PLPID
for each LCT session, descriptors for the delivery objects/
files, and application layer FEC parameters.

A MMTP session is identified by destination IP address
and destination port number. An MMTP packet flow (asso-
ciated with the service component(s) it carries) is identified
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by a packet_id which is unique within the scope of the parent
MMTP session. Properties common to each MMTP packet
flow, and certain properties of MMTP packet flows, are
given in the SLT. Properties for each MMTP session are
given by MMT signaling messages, which may be carried
within the MMTP session. Different MMTP packet flows of
a MMTP session may or may not be contained in different
physical layer pipes. Here, the MMTP session may be
delivered through a plurality of PLPs. The properties
described in the MMT signaling messages include the pack-
et_id value and PLPID for each MMTP packet flow. Here,
the MMT signaling messages may have a form defined in
MMT, or have a deformed form according to embodiments
to be described below.

Hereinafter, a description will be given of low level
signaling (LLS).

Signaling information which is carried in the payload of
IP packets with a well-known address/port dedicated to this
function is referred to as low level signaling (LLS). The IP
address and the port number may be differently configured
depending on embodiments. In one embodiment, LLS can
be transported in IP packets with address 224.0.23.60 and
destination port 4937/udp. LLS may be positioned in a
portion expressed by “SLT” on the above-described protocol
stack. However, according to a given embodiment, the LLS
may be transmitted through a separate physical channel
(dedicated channel) in a signal frame without being sub-
jected to processing of the UDP/IP layer.

UDP/IP packets that deliver LLS data may be formatted
in a form referred to as an LLS table. A first byte of each
UDP/IP packet that delivers the LLS data may correspond to
a start of the LLS table. The maximum length of any LLS
table is limited by the largest IP packet that can be delivered
from the PHY layer, 65,507 bytes.

The LLS table may include an LLS table ID field that
identifies a type of the LLS table, and an LLS table version
field that identifies a version of the LLS table. According to
a value indicated by the LLS table ID field, the LLS table
may include the above-described SLT or a rating region
table (RRT). The RRT may have information about content
advisory rating.

Hereinafter, the SLT will be described. LLS can be
signaling information which supports rapid channel scans
and bootstrapping of service acquisition by the receiver, and
SLT can be a table of signaling information which is used to
build a basic service listing and provide bootstrap discovery
of SLS.

The function of the SLT is similar to that of the program
association table (PAT) in MPEG-2 Systems, and the fast
information channel (FIC) found in ATSC Systems. For a
receiver first encountering the broadcast emission, this is the
place to start. SLT supports a rapid channel scan which
allows a receiver to build a list of all the services it can
receive, with their channel name, channel number, etc., and
SLT provides bootstrap information that allows a receiver to
discover the SLS for each service. For ROUTE/DASH-
delivered services, the bootstrap information includes the
destination IP address and destination port of the LCT
session that carries the SLS. For MMT/MPU-delivered
services, the bootstrap information includes the destination
IP address and destination port of the MMTP session car-
rying the SLS.

The SLT supports rapid channel scans and service acqui-
sition by including the following information about each
service in the broadcast stream. First, the SLT can include
information necessary to allow the presentation of a service
list that is meaningful to viewers and that can support initial



US 11,888,916 B2

11

service selection via channel number or up/down selection.
Second, the SLT can include information necessary to locate
the service layer signaling for each service listed. That is, the
SLT may include access information related to a location at
which the SLS is delivered.

The illustrated SLT according to the present embodiment
is expressed as an XML document having an SLT root
element. According to a given embodiment, the SLT may be
expressed in a binary format or an XML document.

The SLT root element of the SLT illustrated in the figure
may include @bsid, @sltSectionVersion, @sltSectionNum-
ber, @totalSltSectionNumbers, @language, @capabilities,
InetSigl.oc and/or Service. According to a given embodi-
ment, the SLT root element may further include @provid-
erld. According to a given embodiment, the SLT root
element may not include @language.

The service element may include @serviceld, @SLTser-
viceSeqNumber, @protected, @majorChannelNo, @minor-
ChannelNo,  @serviceCategory,  (@shortServiceName,
@hidden, @slsProtocolType, BroadcastSignaling,
@slsPlpld, @slsDestinationlpAddress, @slsDestination-
UdpPort, @slsSourcelpAddress, @slsMajorProtocolVer-
sion, (@SIsMinorProtocolVersion, (@servicel.anguage,
@broadbandAccessRequired, @capabilities and/or InetSi-
gl.oc.

According to a given embodiment, an attribute or an
element of the SLT may be added/changed/deleted. Each
element included in the SLT may additionally have a sepa-
rate attribute or element, and some attribute or elements
according to the present embodiment may be omitted. Here,
a field which is marked with @ may correspond to an
attribute, and a field which is not marked with @ may
correspond to an element.

@bsid is an identifier of the whole broadcast stream. The
value of BSID may be unique on a regional level.

@providerld can be an index of broadcaster that is using
part or all of this broadcast stream. This is an optional
attribute. When it’s not present, it means that this broadcast
stream is being used by one broadcaster. @providerld is not
illustrated in the figure.

@sltSectionVersion can be a version number of the SLT
section. The sltSectionVersion can be incremented by 1
when a change in the information carried within the slt
occurs. When it reaches maximum value, it wraps around to
0.

@sltSectionNumber can be the number, counting from 1,
of'this section of the SLT. In other words, @sltSectionNum-
ber may correspond to a section number of the SLT section.
When this field is not used, @sltSectionNumber may be set
to a default value of 1.

@totalSltSectionNumbers can be the total number of
sections (that is, the section with the highest sltSectionNum-
ber) of the SLT of which this section is part. sltSectionNum-
ber and totalSltSectionNumbers together can be considered
to indicate “Part M of N” of one portion of the SLT when it
is sent in fragments. In other words, when the SLT is
transmitted, transmission through fragmentation may be
supported. When this field is not used, @totalSltSection-
Numbers may be set to a default value of 1. A case in which
this field is not used may correspond to a case in which the
SLT is not transmitted by being fragmented.

@language can indicate primary language of the services
included in this slt instance. According to a given embodi-
ment, a value of this field may have a three-character
language code defined in the ISO. This field may be omitted.
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(@capabilities can indicate required capabilities for decod-
ing and meaningfully presenting the content for all the
services in this slt instance.

InetSigl.oc can provide a URL telling the receiver where
it can acquire any requested type of data from external
server(s) via broadband. This element may include @url-
Type as a lower field. According to a value of the @urlType
field, a type of a URL provided by InetSigl.oc may be
indicated. According to a given embodiment, when the
@urlType field has a value of 0, InetSigl.oc may provide a
URL of a signaling server. When the @urlType field has a
value of 1, InetSigl.oc may provide a URL of an ESG server.
When the @urlType field has other values, the field may be
reserved for future use.

The service field is an element having information about
each service, and may correspond to a service entry. Service
element fields corresponding to the number of services
indicated by the SLT may be present. Hereinafter, a descrip-
tion will be given of a lower attribute/element of the service
field.

@serviceld can be an integer number that uniquely iden-
tify this service within the scope of this broadcast area.
According to a given embodiment, a scope of @serviceld
may be changed. @SLTserviceSeqNumber can be an integer
number that indicates the sequence number of the SLT
service information with service ID equal to the serviceld
attribute above. SLTserviceSeqNumber value can start at 0
for each service and can be incremented by 1 every time any
attribute in this service element is changed. If no attribute
values are changed compared to the previous Service ele-
ment with a particular value of ServicelD then SL.Tservice-
SeqNumber would not be incremented. The SLTserviceSe-
gNumber field wraps back to O after reaching the maximum
value.

@protected is flag information which may indicate
whether one or more components for significant reproduc-
tion of the service are in a protected state. When set to “1”
(true), that one or more components necessary for meaning-
ful presentation is protected. When set to “0 (false), this
flag indicates that no components necessary for meaningful
presentation of the service are protected. Default value is
false.

@majorChannelNo is an integer number representing the
“major” channel number of the service. An example of the
field may have a range of 1 to 999.

@minorChannelNo is an integer number representing the
“minor” channel number of the service. An example of the
field may have a range of 1 to 999.

@serviceCategory can indicate the category of this ser-
vice. This field may indicate a type that varies depending on
embodiments. According to a given embodiment, when this
field has values of 1, 2, and 3, the values may correspond to
a linear A/V service, a linear audio only service, and an
app-based service, respectively. When this field has a value
of 0, the value may correspond to a service of an undefined
category. When this field has other values except for 1, 2,
and 3, the field may be reserved for future use. @shortSer-
viceName can be a short string name of the Service.

@hidden can be boolean value that when present and set
to “true” indicates that the service is intended for testing or
proprietary use, and is not to be selected by ordinary TV
receivers. The default value is “false” when not present.

@slsProtocolType can be an attribute indicating the type
of protocol of Service Layer Signaling used by this service.
This field may indicate a type that varies depending on
embodiments. According to a given embodiment, when this
field has values of 1 and 2, protocols of SLS used by
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respective corresponding services may be ROUTE and
MMTP, respectively. When this field has other values except
for 0, the field may be reserved for future use. This field may
be referred to as @slsProtocol.

BroadcastSignaling and lower attributes/clements thereof
may provide information related to broadcast signaling.
When the BroadcastSignaling element is not present, the
child element InetSigl.oc of the parent service element can
be present and its attribute urlType includes URL_type 0x00
(URL to signaling server). In this case attribute url supports
the query parameter svc=<service_id> where service_id
corresponds to the serviceld attribute for the parent service
element.

Alternatively when the BroadcastSignaling element is not
present, the element InetSigl.oc can be present as a child
element of the slt root element and the attribute urlType of
that InetSigl.oc element includes URL_type 0x00 (URL to
signaling server). In this case, attribute url for URL_type
0x00 supports the query parameter sve=<service_id> where
service_id corresponds to the serviceld attribute for the
parent Service element.

@slsPlpld can be a string representing an integer number
indicating the PLP ID of the physical layer pipe carrying the
SLS for this service.

@slsDestinationlpAddress can be a string containing the
dotted-IPv4 destination address of the packets carrying SLS
data for this service.

@slsDestinationUdpPort can be a string containing the
port number of the packets carrying SLS data for this
service. As described in the foregoing, SLS bootstrapping
may be performed by destination IP/UDP information.

@slsSourcelpAddress can be a string containing the dot-
ted-IPv4 source address of the packets carrying SLS data for
this service.

@slsMajorProtocol Version can be major version number
of the protocol used to deliver the service layer signaling for
this service. Default value is 1.

@Sl1sMinorProtocolVersion can be minor version number
of the protocol used to deliver the service layer signaling for
this service. Default value is 0.

@servicelL.anguage can be a three-character language
code indicating the primary language of the service. A value
of this field may have a form that varies depending on
embodiments.

@broadbandAccessRequired can be a Boolean indicating
that broadband access is required for a receiver to make a
meaningful presentation of the service. Default value is
false. When this field has a value of True, the receiver needs
to access a broadband for significant service reproduction,
which may correspond to a case of hybrid service delivery.

(@capabilities can represent required capabilities for
decoding and meaningfully presenting the content for the
service with service ID equal to the service Id attribute
above.

InetSigloc can provide a URL for access to signaling or
announcement information via broadband, if available. Its
data type can be an extension of the any URL data type,
adding an @urlType attribute that indicates what the URL
gives access t0. An @urlType field of this field may indicate
the same meaning as that of the @urlType field of InetSi-
gloc described above. When an InetSigl.oc element of
attribute URL _type 0x00 is present as an element of the SLT,
it can be used to make HTTP requests for signaling meta-
data. The HTTP POST message body may include a service
term. When the InetSigl.oc element appears at the section
level, the service term is used to indicate the service to which
the requested signaling metadata objects apply. If the service
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term is not present, then the signaling metadata objects for
all services in the section are requested. When the InetSi-
gloc appears at the service level, then no service term is
needed to designate the desired service. When an InetSigl.oc
element of attribute URL_type 0x01 is provided, it can be
used to retrieve ESG data via broadband. If the element
appears as a child element of the service element, then the
URL can be used to retrieve ESG data for that service. If the
element appears as a child element of the SLT element, then
the URL can be used to retrieve ESG data for all services in
that section.

In another example of the SLT, @sltSectionVersion, @slt-
SectionNumber, @totalSltSectionNumbers and/or @lan-
guage fields of the SLT may be omitted

In addition, the above-described InetSigl.oc field may be
replaced by @sltlnetSigUri and/or @sltlnetEsgUri field.
The two fields may include the URI of the signaling server
and URI information of the ESG server, respectively. The
InetSigl.oc field corresponding to a lower field of the SLT
and the InetSigl.oc field corresponding to a lower field of the
service field may be replaced in a similar manner.

The suggested default values may vary depending on
embodiments. An illustrated “use” column relates to the
respective fields. Here, “1” may indicate that a correspond-
ing field is an essential field, and “0 . . . 1” may indicate that
a corresponding field is an optional field.

FIG. 4 illustrates SLS bootstrapping and a service dis-
covery process according to an embodiment of the present
invention.

Hereinafter, SL.S will be described.

SLS can be signaling which provides information for
discovery and acquisition of services and their content
components.

For ROUTE/DASH, the SLS for each service describes
characteristics of the service, such as a list of its components
and where to acquire them, and the receiver capabilities
required to make a meaningful presentation of the service. In
the ROUTE/DASH system, the SLS includes the user ser-
vice bundle description (USBD), the S-TSID and the DASH
media presentation description (MPD). Here, USBD or user
service description (USD) is one of SLS XML fragments,
and may function as a signaling herb that describes specific
descriptive information. USBD/USD may be extended
beyond 3GPP MBMS. Details of USBD/USD will be
described below.

The service signaling focuses on basic attributes of the
service itself, especially those attributes needed to acquire
the service. Properties of the service and programming that
are intended for viewers appear as service announcement, or
ESG data.

Having separate Service Signaling for each service per-
mits a receiver to acquire the appropriate SLS for a service
of interest without the need to parse the entire SLS carried
within a broadcast stream.

For optional broadband delivery of Service Signaling, the
SLT can include HTTP URLs where the Service Signaling
files can be obtained, as described above.

LLS is used for bootstrapping SLS acquisition, and sub-
sequently, the SLS is used to acquire service components
delivered on either ROUTE sessions or MMTP sessions.
The described figure illustrates the following signaling
sequences. Receiver starts acquiring the SLT described
above. Each service identified by service_id delivered over
ROUTE sessions provides SLS bootstrapping information:
PLPID(#1), source IP address (sIP1), destination IP address
(dIP1), and destination port number (dPortl). Each service
identified by service_id delivered over MMTP sessions
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provides SLS bootstrapping information: PLPID(#2), desti-
nation IP address (dIP2), and destination port number
(dPort2).

For streaming services delivery using ROUTE, the
receiver can acquire SLS fragments carried over the
IP/UDP/LCT session and PLP; whereas for streaming ser-
vices delivery using MMTP, the receiver can acquire SLS
fragments carried over an MMTP session and PLP. For
service delivery using ROUTE, these SLS fragments include
USBD/USD fragments, S-TSID fragments, and MPD frag-
ments. They are relevant to one service. USBD/USD frag-
ments describe service layer properties and provide URI
references to S-TSID fragments and URI references to MPD
fragments. In other words, the USBD/USD may refer to
S-TSID and MPD. For service delivery using MMTP, the
USBD references the MMT signaling’s MPT message, the
MP Table of which provides identification of package ID and
location information for assets belonging to the service.
Here, an asset is a multimedia data entity, and may refer to
a data entity which is combined into one unique ID and is
used to generate one multimedia presentation. The asset may
correspond to a service component included in one service.
The MPT message is a message having the MP table of
MMT. Here, the MP table may be an MMT package table
having information about content and an MMT asset. Details
may be similar to a definition in MMT. Here, media pre-
sentation may correspond to a collection of data that estab-
lishes bounded/unbounded presentation of media content.

The S-TSID fragment provides component acquisition
information associated with one service and mapping
between DASH Representations found in the MPD and in
the TSI corresponding to the component of the service. The
S-TSID can provide component acquisition information in
the form of a TSI and the associated DASH representation
identifier, and PLPID carrying DASH segments associated
with the DASH representation. By the PLPID and TSI
values, the receiver collects the audio/video components
from the service and begins buffering DASH media seg-
ments then applies the appropriate decoding processes.

For USBD listing service components delivered on
MMTP sessions, as illustrated by “Service #2” in the
described figure, the receiver also acquires an MPT message
with matching MMT_package_id to complete the SLS. An
MPT message provides the full list of service components
comprising a service and the acquisition information for
each component. Component acquisition information
includes MMTP session information, the PLPID carrying
the session and the packet_id within that session.

According to a given embodiment, for example, in
ROUTE, two or more S-TSID fragments may be used. Each
fragment may provide access information related to LCT
sessions delivering content of each service.

In ROUTE, S-TSID, USBD/USD, MPD, or an LCT
session delivering S-TSID, USBD/USD or MPD may be
referred to as a service signaling channel. In MMTP, USBD/
UD, an MMT signaling message, or a packet flow delivering
the MMTP or USBD/UD may be referred to as a service
signaling channel.

Unlike the illustrated example, one ROUTE or MMTP
session may be delivered through a plurality of PLPs. In
other words, one service may be delivered through one or
more PLPs. As described in the foregoing, one LCT session
may be delivered through one PLP. Unlike the figure,
according to a given embodiment, components included in
one service may be delivered through different ROUTE
sessions. In addition, according to a given embodiment,
components included in one service may be delivered
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through different MMTP sessions. According to a given
embodiment, components included in one service may be
delivered separately through a ROUTE session and an
MMTP session. Although not illustrated, components
included in one service may be delivered via broadband
(hybrid delivery).

FIG. 5 illustrates a USBD fragment for ROUTE/DASH
according to an embodiment of the present invention.

Hereinafter, a description will be given of SLS in delivery
based on ROUTE.

SLS provides detailed technical information to the
receiver to enable the discovery and access of services and
their content components. It can include a set of XML-
encoded metadata fragments carried over a dedicated LCT
session. That LCT session can be acquired using the boot-
strap information contained in the SLT as described above.
The SLS is defined on a per-service level, and it describes
the characteristics and access information of the service,
such as a list of its content components and how to acquire
them, and the receiver capabilities required to make a
meaningful presentation of the service. In the ROUTE/
DASH system, for linear services delivery, the SLS consists
of the following metadata fragments: USBD, S-TSID and
the DASH MPD. The SLS fragments can be delivered on a
dedicated LCT transport session with TSI=0. According to a
given embodiment, a TSI of a particular LCT session
(dedicated LCT session) in which an SLS fragment is
delivered may have a different value. According to a given
embodiment, an LCT session in which an SLS fragment is
delivered may be signaled using the SLT or another scheme.

ROUTE/DASH SLS can include the user service bundle
description (USBD) and service-based transport session
instance description (S-TSID) metadata fragments. These
service signaling fragments are applicable to both linear and
application-based services. The USBD fragment contains
service identification, device capabilities information, refer-
ences to other SLS fragments required to access the service
and constituent media components, and metadata to enable
the receiver to determine the transport mode (broadcast
and/or broadband) of service components. The S-TSID
fragment, referenced by the USBD, provides transport ses-
sion descriptions for the one or more ROUTE/LCT sessions
in which the media content components of a service are
delivered, and descriptions of the delivery objects carried in
those LCT sessions. The USBD and S-TSID will be
described below.

In streaming content signaling in ROUTE-based delivery,
a streaming content signaling component of SLS corre-
sponds to an MPD fragment. The MPD is typically associ-
ated with linear services for the delivery of DASH Segments
as streaming content. The MPD provides the resource iden-
tifiers for individual media components of the linear/stream-
ing service in the form of Segment URLs, and the context of
the identified resources within the Media Presentation.
Details of the MPD will be described below.

In app-based enhancement signaling in ROUTE-based
delivery, app-based enhancement signaling pertains to the
delivery of app-based enhancement components, such as an
application logic file, locally-cached media files, network
content items, or a notification stream. An application can
also retrieve locally-cached data over a broadband connec-
tion when available.

Hereinafter, a description will be given of details of
USBD/USD illustrated in the figure.

The top level or entry point SLS fragment is the USBD
fragment. An illustrated USBD fragment is an example of
the present invention, basic fields of the USBD fragment not
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illustrated in the figure may be additionally provided accord-
ing to a given embodiment. As described in the foregoing,
the illustrated USBD fragment has an extended form, and
may have fields added to a basic configuration.

The illustrated USBD may have a bundleDescription root
element. The bundleDescription root element may have a
userServiceDescription element. The userServiceDescrip-
tion element may correspond to an instance for one service.

The userServiceDescription element may include @ser-
viceld, @atsc:serviceld, @atsc: serviceStatus, @atsc:full-
MPDUri, @atsc:sTSIDUri, name, serviceL.anguage, atsc:
capabilityCode and/or deliveryMethod.

@serviceld can be a globally unique URI that identifies a
service, unique within the scope of the BSID. This parameter
can be used to link to ESG data (Service@globalServicelD).

@atsc:serviceld is a reference to corresponding service
entry in LLS(SLT). The value of this attribute is the same
value of serviceld assigned to the entry.

(@atsc:serviceStatus can specify the status of this service.
The value indicates whether this service is active or inactive.
When set to “1” (true), that indicates service is active. When
this field is not used, @atsc:serviceStatus may be set to a
default value of 1.

@atsc:fullMPDUri can reference an MPD fragment
which contains descriptions for contents components of the
service delivered over broadcast and optionally, also over
broadband.

@atsc:sTSIDUri can reference the S-TSID fragment
which provides access related parameters to the Transport
sessions carrying contents of this service.

name can indicate name of the service as given by the lang
attribute. name element can include lang attribute, which
indicating language of the service name. The language can
be specified according to XML data types.

servicel.anguage can represent available languages of the
service. The language can be specified according to XML
data types.

atsc:capabilityCode can specify the capabilities required
in the receiver to be able to create a meaningful presentation
of the content of this service. According to a given embodi-
ment, this field may specify a predefined capability group.
Here, the capability group may be a group of capability
attribute values for significant presentation. This field may
be omitted according to a given embodiment.

deliveryMethod can be a container of transport related
information pertaining to the contents of the service over
broadcast and (optionally) broadband modes of access.
Referring to data included in the service, when the number
of'the data is N, delivery schemes for respective data may be
described by this element. The deliveryMethod may include
an rl2:broadcastAppService element and an rl2:unica-
stAppService element. Each lower element may include a
basePattern element as a lower element.

r12:broadcastAppService can be a DASH Representation
delivered over broadcast, in multiplexed or non-multiplexed
form, containing the corresponding media component(s)
belonging to the service, across all Periods of the affiliated
media presentation. In other words, each of the fields may
indicate DASH representation delivered through the broad-
cast network.

rl12:unicastAppService can be a DASH Representation
delivered over broadband, in multiplexed or non-multi-
plexed form, containing the constituent media content com-
ponent(s) belonging to the service, across all periods of the
affiliated media presentation. In other words, each of the
fields may indicate DASH representation delivered via
broadband.
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basePattern can be a character pattern for use by the
receiver to match against any portion of the segment URL
used by the DASH client to request media segments of a
parent representation under its containing period. A match
implies that the corresponding requested media segment is
carried over broadcast transport. In a URL address for
receiving DASH representation expressed by each of the
r12:broadcastAppService element and the rl12:unicastApp-
Service element, a part of the URL, etc. may have a
particular pattern. The pattern may be described by this field.
Some data may be distinguished using this information. The
proposed default values may vary depending on embodi-
ments. The “use” column illustrated in the figure relates to
each field. Here, M may denote an essential field, O may
denote an optional field, OD may denote an optional field
having a default value, and CM may denote a conditional
essential field. 0 ... 1 to O ... N may indicate the number
of available fields.

FIG. 6 illustrates an S-TSID fragment for ROUTE/DASH
according to an embodiment of the present invention.

Hereinafter, a description will be given of the S-TSID
illustrated in the figure in detail.

S-TSID can be an SLS XML fragment which provides the
overall session description information for transport session
(s) which carry the content components of a service. The
S-TSID is the SLS metadata fragment that contains the
overall transport session description information for the zero
or more ROUTE sessions and constituent LCT sessions in
which the media content components of a service are
delivered. The S-TSID also includes file metadata for the
delivery object or object flow carried in the LCT sessions of
the service, as well as additional information on the payload
formats and content components carried in those LCT
sessions.

Each instance of the S-TSID fragment is referenced in the
USBD fragment by the @atsc:sTSIDUri attribute of the
userServiceDescription element. The illustrated S-TSID
according to the present embodiment is expressed as an
XML document. According to a given embodiment, the
S-TSID may be expressed in a binary format or as an XML
document.

The illustrated S-TSID may have an S-TSID root element.
The S-TSID root element may include @serviceld and/or
RS.

@servicelD can be a reference corresponding service
element in the USD. The value of this attribute can reference
a service with a corresponding value of service_id.

The RS element may have information about a ROUTE
session for delivering the service data. Service data or
service components may be delivered through a plurality of
ROUTE sessions, and thus the number of RS elements may
be 1 to N.

The RS element may include @bsid, @slpAddr,
@dIpAddr, @dport, @PLPID and/or LS.

@bsid can be an identifier of the broadcast stream within
which the content component(s) of the broadcastAppService
are carried. When this attribute is absent, the default broad-
cast stream is the one whose PLPs carry SLS fragments for
this service. Its value can be identical to that of the broad-
cast_stream_id in the SLT.

@slpAddr can indicate source IP address. Here, the
source IP address may be a source IP address of a ROUTE
session for delivering a service component included in the
service. As described in the foregoing, service components
of one service may be delivered through a plurality of
ROUTE sessions. Thus, the service components may be
transmitted using another ROUTE session other than the
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ROUTE session for delivering the S-TSID. Therefore, this
field may be used to indicate the source IP address of the
ROUTE session. A default value of this field may be a source
IP address of a current ROUTE session. When a service
component is delivered through another ROUTE session,
and thus the ROUTE session needs to be indicated, a value
of this field may be a value of a source IP address of the
ROUTE session. In this case, this field may correspond to
M, that is, an essential field.

@dIpAddr can indicate destination IP address. Here, a
destination IP address may be a destination IP address of a
ROUTE session that delivers a service component included
in a service. For a similar case to the above description of
@slpAddr, this field may indicate a destination IP address of
a ROUTE session that delivers a service component. A
default value of this field may be a destination IP address of
a current ROUTE session. When a service component is
delivered through another ROUTE session, and thus the
ROUTE session needs to be indicated, a value of this field
may be a value of a destination IP address of the ROUTE
session. In this case, this field may correspond to M, that is,
an essential field.

@dport can indicate destination port. Here, a destination
port may be a destination port of a ROUTE session that
delivers a service component included in a service. For a
similar case to the above description of @slpAddr, this field
may indicate a destination port of a ROUTE session that
delivers a service component. A default value of this field
may be a destination port number of a current ROUTE
session. When a service component is delivered through
another ROUTE session, and thus the ROUTE session needs
to be indicated, a value of'this field may be a destination port
number value of the ROUTE session. In this case, this field
may correspond to M, that is, an essential field.

@PLPID may be an ID of a PLP for a ROUTE session
expressed by an RS. A default value may be an ID of a PLP
of'an LCT session including a current S-TSID. According to
a given embodiment, this field may have an ID value of a
PLP for an LCT session for delivering an S-TSID in the
ROUTE session, and may have ID values of all PLPs for the
ROUTE session.

An LS element may have information about an LCT
session for delivering a service data. Service data or service
components may be delivered through a plurality of LCT
sessions, and thus the number of LS elements may be 1 to
N.

The LS element may include @tsi, @PLPID, @bw,
@startTime, @endTime, SrcFlow and/or RprFlow.

@tsi may indicate a TSI value of an LCT session for
delivering a service component of a service.

@PLPID may have ID information of a PLP for the LCT
session. This value may be overwritten on a basic ROUTE
session value.

@bw may indicate a maximum bandwidth value. @start-
Time may indicate a start time of the LCT session. @end-
Time may indicate an end time of the LCT session. A
SrcFlow element may describe a source flow of ROUTE. A
RprFlow element may describe a repair flow of ROUTE.

The proposed default values may be varied according to
an embodiment. The “use” column illustrated in the figure
relates to each field. Here, M may denote an essential field,
O may denote an optional field, OD may denote an optional
field having a default value, and CM may denote a condi-
tional essential field. 0 . . . 1 to 0 . . . N may indicate the
number of available fields.

Hereinafter, a description will be given of MPD for
ROUTE/DASH.
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The MPD is an SLS metadata fragment which contains a
formalized description of a DASH Media Presentation,
corresponding to a linear service of a given duration defined
by the broadcaster (for example a single TV program, or the
set of contiguous linear TV programs over a period of time).
The contents of the MPD provide the resource identifiers for
Segments and the context for the identified resources within
the Media Presentation. The data structure and semantics of
the MPD fragment can be according to the MPD defined by
MPEG DASH.

One or more of the DASH Representations conveyed in
the MPD can be carried over broadcast. The MPD may
describe additional Representations delivered over broad-
band, e.g. in the case of a hybrid service, or to support
service continuity in handoff from broadcast to broadcast
due to broadcast signal degradation (e.g. driving through a
tunnel).

FIG. 7 illustrates a USBD/USD fragment for MMT
according to an embodiment of the present invention.

MMT SLS for linear services comprises the USBD frag-
ment and the MMT Package (MP) table. The MP table is as
described above. The USBD fragment contains service
identification, device capabilities information, references to
other SLS information required to access the service and
constituent media components, and the metadata to enable
the receiver to determine the transport mode (broadcast
and/or broadband) of the service components. The MP table
for MPU components, referenced by the USBD, provides
transport session descriptions for the MMTP sessions in
which the media content components of a service are
delivered and the descriptions of the Assets carried in those
MMTP sessions.

The streaming content signaling component of the SLS
for MPU components corresponds to the MP table defined in
MMT. The MP table provides a list of MMT assets where
each asset corresponds to a single service component and the
description of the location information for this component.

USBD fragments may also contain references to the
S-TSID and the MPD as described above, for service
components delivered by the ROUTE protocol and the
broadband, respectively. According to a given embodiment,
in delivery through MMT, a service component delivered
through the ROUTE protocol is NRT data, etc. Thus, in this
case, MPD may be unnecessary. In addition, in delivery
through MMT, information about an LCT session for deliv-
ering a service component, which is delivered via broad-
band, is unnecessary, and thus an S-TSID may be unneces-
sary. Here, an MMT package may be a logical collection of
media data delivered using MMT. Here, an MMTP packet
may refer to a formatted unit of media data delivered using
MMT. An MPU may refer to a generic container of inde-
pendently decodable timed/non-timed data. Here, data in the
MPU is media codec agnostic.

Hereinafter, a description will be given of details of the
USBD/USD illustrated in the figure.

The illustrated USBD fragment is an example of the
present invention, and basic fields of the USBD fragment
may be additionally provided according to an embodiment.
As described in the foregoing, the illustrated USBD frag-
ment has an extended form, and may have fields added to a
basic structure.

The illustrated USBD according to an embodiment of the
present invention is expressed as an XML document.
According to a given embodiment, the USBD may be
expressed in a binary format or as an XML document.

The illustrated USBD may have a bundleDescription root
element. The bundleDescription root element may have a
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userServiceDescription element. The userServiceDescrip-
tion element may be an instance for one service.

The userServiceDescription element may include @ser-
viceld, @atsc:serviceld, name, servicel.anguage, atsc:capa-
bilityCode, atsc:Channel, atsc:mpuComponent, atsc:route-
Component, atsc:broadbandComponent and/or atsc:
ComponentInfo.

Here, @serviceld, @atsc:serviceld, name, servicel.an-
guage, and atsc:capabilityCode may be as described above.
The lang field below the name field may be as described
above. atsc:capabilityCode may be omitted according to a
given embodiment.

The userServiceDescription element may further include
an atsc:contentAdvisoryRating element according to an
embodiment. This element may be an optional element.
atsc:contentAdvisoryRating can specify the content advi-
sory rating. This field is not illustrated in the figure.

atsc:Channel may have information about a channel of a
service. The atsc:Channel element may include @atsc:ma-
jorChannelNo, @atsc:minorChannelNo, (@atsc:service-
Lang, @atsc:serviceGenre, @atsc:servicelcon and/or atsc:
ServiceDescription. @atsc:majorChannelNo, @atsc:
minorChannelNo, and @atsc:serviceL.ang may be omitted
according to a given embodiment.

@atsc:majorChannelNo is an attribute that indicates the
major channel number of the service.

@atsc:minorChannelNo is an attribute that indicates the
minor channel number of the service.

@atsc:serviceLang is an attribute that indicates the pri-
mary language used in the service.

@atsc:serviceGenre is an attribute that indicates primary
genre of the service.

@atsc:servicelcon is an attribute that indicates the Uni-
form Resource Locator (URL) for the icon used to represent
this service.

atsc:ServiceDescription includes service description, pos-
sibly in multiple languages. atsc:ServiceDescription
includes can include @atsc:serviceDescrText and/or @atsc:
serviceDescrlLang.

@atsc:serviceDescrText is an attribute that indicates
description of the service.

@atsc:serviceDescrlLang is an attribute that indicates the
language of the serviceDescrText attribute above.

atsc:mpuComponent may have information about a con-
tent component of a service delivered in a form of an MPU.
atsc:mpuComponent may include @atsc:mmtPackageld
and/or @atsc: nextMmtPackageld.

@atsc:mmtPackageld can reference a MMT Package for
content components of the service delivered as MPUs.

@atsc:nextMmtPackageld can reference a MMT Package
to be used after the one referenced by @atsc:mmtPackageld
in time for content components of the service delivered as
MPUs.

atsc:routeComponent may have information about a con-
tent component of a service delivered through ROUTE.
atsc:routeComponent may include @atsc:sTSIDUri,
@sTSIDP1pld, @ sTSIDDestinationlpAddress, @sTSID-
DestinationUdpPort, @sTSIDSourcelpAddress,
@sTSIDMajorProtocolVersion and/or @sTSIDMinorProto-
colVersion.

@atsc:sTSIDUri can be a reference to the S-TSID frag-
ment which provides access related parameters to the Trans-
port sessions carrying contents of this service. This field may
be the same as a URI for referring to an S-TSID in USBD
for ROUTE described above. As described in the foregoing,
in service delivery by the MMTP, service components,
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which are delivered through NRT, etc., may be delivered by
ROUTE. This field may be used to refer to the S-TSID
therefor.

@sTSIDP1pld can be a string representing an integer
number indicating the PLP ID of the physical layer pipe
carrying the S-TSID for this service. (default: current physi-
cal layer pipe).

@sTSIDDestinationlpAddress can be a string containing
the dotted-IPv4 destination address of the packets carrying
S-TSID for this service. (default: current MMTP session’s
source 1P address)

@sTSIDDestinationUdpPort can be a string containing
the port number of the packets carrying S-TSID for this
service.

@sTSIDSourcelpAddress can be a string containing the
dotted-IPv4 source address of the packets carrying S-TSID
for this service.

@sTSIDMajorProtocolVersion can indicate major ver-
sion number of the protocol used to deliver the S-TSID for
this service. Default value is 1.

@sTSIDMinorProtocolVersion can indicate minor ver-
sion number of the protocol used to deliver the S-TSID for
this service. Default value is 0.

atsc:broadbandComponent may have information about a
content component of a service delivered via broadband. In
other words, atsc:broadbandComponent may be a field on
the assumption of hybrid delivery. atsc:broadbandCompo-
nent may further include @atsc:fulliMPDUri.

@atsc:fullfMPDUri can be a reference to an MPD frag-
ment which contains descriptions for contents components
of the service delivered over broadband.

An atsc:ComponentInfo field may have information about
an available component of a service. The atsc:Compo-
nentlnfo field may have information about a type, a role, a
name, etc. of each component. The number of atsc:Compo-
nentlnfo fields may correspond to the number (N) of respec-
tive components. The atsc:ComponentInfo field may include
@atsc:componentType, @atsc:componentRole, @atsc:com-
ponentProtectedFlag, @atsc:componentld and/or @atsc:
componentName.

@atsc:componentType is an attribute that indicates the
type of this component. Value of 0 indicates an audio
component. Value of 1 indicates a video component. Value
of 2 indicated a closed caption component. Value of 3
indicates an application component. Values 4 to 7 are
reserved. A meaning of a value of this field may be differ-
ently set depending on embodiments.

@atsc:componentRole is an attribute that indicates the
role or kind of this component.

For audio (when componentType attribute above is equal
to 0): values of componentRole attribute are as follows:
0=Complete main, 1=Music and Effects, 2=Dialog, 3=Com-
mentary, 4=Visually Impaired, 5=Hearing Impaired,
6=Voice-Over, 7-254=reserved, 255=unknown.

For video (when componentType attribute above is equal
to 1) values of componentRole attribute are as follows:
O0=Primary video, 1=Alternative camera view, 2=Other alter-
native video component, 3=Sign language inset, 4=Follow
subject video, 5=3D video left view, 6=3D video right view,
7=3D video depth information, 8=Part of video array <x,y>
of <n,m>, 9=Follow-Subject metadata, 10-254=reserved,
255=unknown.

For Closed Caption component (when componentType
attribute above is equal to 2) values of componentRole
attribute are as follows: O=Normal, 1=FEasy reader,
2-254=reserved, 255=unknown.
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When componentType attribute above is between 3 to 7,
inclusive, the componentRole can be equal to 255. A mean-
ing of a value of this field may be differently set depending
on embodiments.

@atsc:componentProtectedFlag is an attribute that indi-
cates if this component is protected (e.g. encrypted). When
this flag is set to a value of 1 this component is protected
(e.g. encrypted). When this flag is set to a value of 0 this
component is not protected (e.g. encrypted). When not
present the value of componentProtectedFlag attribute is
inferred to be equal to 0. A meaning of a value of this field
may be differently set depending on embodiments.

@atsc:componentld is an attribute that indicates the iden-
tifier of this component. The value of this attribute can be the
same as the asset_id in the MP table corresponding to this
component.

@atsc:componentName is an attribute that indicates the
human readable name of this component.

The proposed default values may vary depending on
embodiments. The “use” column illustrated in the figure
relates to each field. Here, M may denote an essential field,
O may denote an optional field, OD may denote an optional
field having a default value, and CM may denote a condi-
tional essential field. 0 . . . 1 to 0 . . . N may indicate the
number of available fields.

Hereinafter, a description will be given of MPD for MMT.

The Media Presentation Description is an SLS metadata
fragment corresponding to a linear service of a given dura-
tion defined by the broadcaster (for example a single TV
program, or the set of contiguous linear TV programs over
a period of time). The contents of the MPD provide the
resource identifiers for segments and the context for the
identified resources within the media presentation. The data
structure and semantics of the MPD can be according to the
MPD defined by MPEG DASH.

In the present embodiment, an MPD delivered by an
MMTP session describes Representations delivered over
broadband, e.g. in the case of a hybrid service, or to support
service continuity in handoff from broadcast to broadband
due to broadcast signal degradation (e.g. driving under a
mountain or through a tunnel).

Hereinafter, a description will be given of an MMT
signaling message for MMT.

When MMTP sessions are used to carry a streaming
service, MMT signaling messages defined by MMT are
delivered by MMTP packets according to signaling message
mode defined by MMT. The value of the packet_id field of
MMTP packets carrying service layer signaling is set to ‘00’
except for MMTP packets carrying MMT signaling mes-
sages specific to an asset, which can be set to the same
packet_id value as the MMTP packets carrying the asset.
Identifiers referencing the appropriate package for each
service are signaled by the USBD fragment as described
above. MMT Package Table (MPT) messages with matching
MMT_package_id can be delivered on the MMTP session
signaled in the SLT. Each MMTP session carries MMT
signaling messages specific to its session or each asset
delivered by the MMTP session.

In other words, it is possible to access USBD of the
MMTP session by specifying an IP destination address/port
number, etc. of a packet having the SLS for a particular
service in the SLT. As described in the foregoing, a packet
ID of an MMTP packet carrying the SL.S may be designated
as a particular value such as 00, etc. It is possible to access
an MPT message having a matched packet ID using the
above-described package IP information of USBD. As
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described below, the MPT message may be used to access
each service component/asset.

The following MMTP messages can be delivered by the
MMTP session signaled in the SLT.

MMT Package Table (MPT) message: This message
carries an MP (MMT Package) table which contains the list
of all Assets and their location information as defined by
MMT. If an Asset is delivered by a PLP different from the
current PLP delivering the MP table, the identifier of the PLP
carrying the asset can be provided in the MP table using
physical layer pipe identifier descriptor. The physical layer
pipe identifier descriptor will be described below.

MMT ATSC3 (MA3) message mmt_atsc3_message( ):
This message carries system metadata specific for services
including service layer signaling as described above.
mmt_atsc3_message( ) will be described below.

The following MMTP messages can be delivered by the
MMTP session signaled in the SLT, if required.

Media Presentation Information (MPI) message: This
message carries an MPI table which contains the whole
document or a subset of a document of presentation infor-
mation. An MP table associated with the MPI table also can
be delivered by this message.

Clock Relation Information (CRI) message: This message
carries a CRI table which contains clock related information
for the mapping between the NTP timestamp and the
MPEG-2 STC. According to a given embodiment, the CRI
message may not be delivered through the MMTP session.

The following MMTP messages can be delivered by each
MMTP session carrying streaming content.

Hypothetical Receiver Buffer Model message: This mes-
sage carries information required by the receiver to manage
its buffer.

Hypothetical Receiver Buffer Model Removal message:
This message carries information required by the receiver to
manage its MMT de-capsulation buffer.

Hereinafter, a description will be given of
mmt_atsc3_message( ) corresponding to one of MMT sig-
naling messages. An MMT Signaling message
mmt_atsc3_message( ) is defined to deliver information
specific to services according to the present invention
described above. The signaling message may include mes-
sage ID, version, and/or length fields corresponding to basic
fields of the MMT signaling message. A payload of the
signaling message may include service ID information,
content type information, content version information, con-
tent compression information and/or URI information. The
content type information may indicate a type of data
included in the payload of the signaling message. The
content version information may indicate a version of data
included in the payload, and the content compression infor-
mation may indicate a type of compression applied to the
data. The URI information may have URI information
related to content delivered by the message.

Hereinafter, a description will be given of the physical
layer pipe identifier descriptor.

The physical layer pipe identifier descriptor is a descriptor
that can be used as one of descriptors of the MP table
described above. The physical layer pipe identifier descrip-
tor provides information about the PLP carrying an asset. If
an asset is delivered by a PLP different from the current PLP
delivering the MP table, the physical layer pipe identifier
descriptor can be used as an asset descriptor in the associated
MP table to identify the PLP carrying the asset. The physical
layer pipe identifier descriptor may further include BSID
information in addition to PLP ID information. The BSID
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may be an ID of a broadcast stream that delivers an MM TP
packet for an asset described by the descriptor.

FIG. 8 illustrates a link layer protocol architecture accord-
ing to an embodiment of the present invention.

Hereinafter, a link layer will be described.

The link layer is the layer between the physical layer and
the network layer, and transports the data from the network
layer to the physical layer at the sending side and transports
the data from the physical layer to the network layer at the
receiving side. The purpose of the link layer includes
abstracting all input packet types into a single format for
processing by the physical layer, ensuring flexibility and
future extensibility for as yet undefined input types. In
addition, processing within the link layer ensures that the
input data can be transmitted in an efficient manner, for
example by providing options to compress redundant infor-
mation in the headers of input packets. The operations of
encapsulation, compression and so on are referred to as the
link layer protocol and packets created using this protocol
are called link layer packets. The link layer may perform
functions such as packet encapsulation, overhead reduction
and/or signaling transmission, etc.

Hereinafter, packet encapsulation will be described. Link
layer protocol allows encapsulation of any type of packet,
including ones such as IP packets and MPEG-2 TS. Using
link layer protocol, the physical layer need only process one
single packet format, independent of the network layer
protocol type (here we consider MPEG-2 TS packet as a
kind of network layer packet.) Each network layer packet or
input packet is transformed into the payload of a generic link
layer packet. Additionally, concatenation and segmentation
can be performed in order to use the physical layer resources
efficiently when the input packet sizes are particularly small
or large.

As described in the foregoing, segmentation may be used
in packet encapsulation. When the network layer packet is
too large to process easily in the physical layer, the network
layer packet is divided into two or more segments. The link
layer packet header includes protocol fields to perform
segmentation on the sending side and reassembly on the
receiving side. When the network layer packet is segmented,
each segment can be encapsulated to link layer packet in the
same order as original position in the network layer packet.
Also each link layer packet which includes a segment of
network layer packet can be transported to PHY layer
consequently.

As described in the foregoing, concatenation may be used
in packet encapsulation. When the network layer packet is
small enough for the payload of a link layer packet to
include several network layer packets, the link layer packet
header includes protocol fields to perform concatenation.
The concatenation is combining of multiple small sized
network layer packets into one payload. When the network
layer packets are concatenated, each network layer packet
can be concatenated to payload of link layer packet in the
same order as original input order. Also each packet which
constructs a payload of link layer packet can be whole
packet, not a segment of packet.

Hereinafter, overhead reduction will be described. Use of
the link layer protocol can result in significant reduction in
overhead for transport of data on the physical layer. The link
layer protocol according to the present invention may pro-
vide IP overhead reduction and/or MPEG-2 TS overhead
reduction. In IP overhead reduction, IP packets have a fixed
header format, however some of the information which is
needed in a communication environment may be redundant
in a broadcast environment. Link layer protocol provides
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mechanisms to reduce the broadcast overhead by compress-
ing headers of IP packets. In MPEG-2 TS overhead reduc-
tion, link layer protocol provides sync byte removal, null
packet deletion and/or common header removal (compres-
sion). First, sync byte removal provides an overhead reduc-
tion of one byte per TS packet, secondly a null packet
deletion mechanism removes the 188 byte null TS packets in
a manner that they can be re-inserted at the receiver and
finally a common header removal mechanism.

For signaling transmission, in the link layer protocol, a
particular format for the signaling packet may be provided
for link layer signaling, which will be described below.

In the illustrated link layer protocol architecture according
to an embodiment of the present invention, link layer
protocol takes as input network layer packets such as IPv4,
MPEG-2 TS and so on as input packets. Future extension
indicates other packet types and protocol which is also
possible to be input in link layer. Link layer protocol also
specifies the format and signaling for any link layer signal-
ing, including information about mapping to specific chan-
nel to the physical layer. Figure also shows how ALP
incorporates mechanisms to improve the efficiency of trans-
mission, via various header compression and deletion algo-
rithms. In addition, the link layer protocol may basically
encapsulate input packets.

FIG. 9 illustrates a structure of a base header of a link
layer packet according to an embodiment of the present
invention. Hereinafter, the structure of the header will be
described.

A link layer packet can include a header followed by the
data payload. The header of a link layer packet can include
a base header, and may include an additional header depend-
ing on the control fields of the base header. The presence of
an optional header is indicated from flag fields of the
additional header. According to a given embodiment, a field
indicating the presence of an additional header and an
optional header may be positioned in the base header.

Hereinafter, the structure of the base header will be
described. The base header for link layer packet encapsula-
tion has a hierarchical structure. The base header can be two
bytes in length and is the minimum length of the link layer
packet header.

The illustrated base header according to the present
embodiment may include a Packet_Type field, a PC field
and/or a length field. According to a given embodiment, the
base header may further include an HM field or an S/C field.

Packet_Type field can be a 3-bit field that indicates the
original protocol or packet type of the input data before
encapsulation into a link layer packet. An IPv4 packet, a
compressed [P packet, a link layer signaling packet, and
other types of packets may have the base header structure
and may be encapsulated. However, according to a given
embodiment, the MPEG-2 TS packet may have a different
particular structure, and may be encapsulated. When the
value of Packet_Type is “000”, “001” “100” or “111”, that
is the original data type of an ALP packet is one of an [Pv4
packet, a compressed IP packet, link layer signaling or
extension packet. When the MPEG-2 TS packet is encap-
sulated, the value of Packet_Type can be “010”. Other
values of the Packet_Type field may be reserved for future
use.

Payload_Configuration (PC) field can be a 1-bit field that
indicates the configuration of the payload. A value of 0 can
indicate that the link layer packet carries a single, whole
input packet and the following field is the Header_Mode
field. A value of 1 can indicate that the link layer packet
carries more than one input packet (concatenation) or a part
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of a large input packet (segmentation) and the following
field is the Segmentation_Concatenation field.

Header_Mode (HM) field can be a 1-bit field, when set to
0, that can indicate there is no additional header, and that the
length of the payload of the link layer packet is less than
2048 bytes. This value may be varied depending on embodi-
ments. A value of 1 can indicate that an additional header for
single packet defined below is present following the Length
field. In this case, the length of the payload is larger than
2047 bytes and/or optional features can be used (sub stream
identification, header extension, etc.). This value may be
varied depending on embodiments. This field can be present
only when Payload_Configuration field of the link layer
packet has a value of 0.

Segmentation_Concatenation (S/C) field can be a 1-bit
field, when set to 0, that can indicate that the payload carries
a segment of an input packet and an additional header for
segmentation defined below is present following the Length
field. A value of 1 can indicate that the payload carries more
than one complete input packet and an additional header for
concatenation defined below is present following the Length
field. This field can be present only when the value of
Payload_Configuration field of the ALP packet is 1.

Length field can be an 11-bit field that indicates the 11
least significant bits (LSBs) of the length in bytes of payload
carried by the link layer packet. When there is a Length_
MSB field in the following additional header, the length field
is concatenated with the Length_MSB field, and is the LSB
to provide the actual total length of the payload. The number
of bits of the length field may be changed to another value
rather than 11 bits.

Following types of packet configuration are thus possible:
a single packet without any additional header, a single
packet with an additional header, a segmented packet and a
concatenated packet. According to a given embodiment,
more packet configurations may be made through a combi-
nation of each additional header, an optional header, an
additional header for signaling information to be described
below, and an additional header for time extension.

FIG. 10 illustrates a structure of an additional header of a
link layer packet according to an embodiment of the present
invention.

Various types of additional headers may be present.
Hereinafter, a description will be given of an additional
header for a single packet.

This additional header for single packet can be present
when Header Mode (HM)="1". The Header_Mode (HM)
can be set to 1 when the length of the payload of the link
layer packet is larger than 2047 bytes or when the optional
fields are used. The additional header for single packet is
shown in Figure (tsib10010).

Length_MSB field can be a 5-bit field that can indicate the
most significant bits (MSBs) of the total payload length in
bytes in the current link layer packet, and is concatenated
with the Length field containing the 11 least significant bits
(LSBs) to obtain the total payload length. The maximum
length of the payload that can be signaled is therefore 65535
bytes. The number of bits of the length field may be changed
to another value rather than 11 bits. In addition, the number
of bits of the Length. MSB field may be changed, and thus
a maximum expressible payload length may be changed.
According to a given embodiment, each length field may
indicate a length of a whole link layer packet rather than a
payload.

SIF (Sub stream Identifier Flag) field can be a 1-bit field
that can indicate whether the sub stream ID (SID) is present
after the HEF field or not. When there is no SID in this link
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layer packet, SIF field can be set to 0. When there is a SID
after HEF field in the link layer packet, SIF can be set to 1.
The detail of SID is described below.

HEF (Header Extension Flag) field can be a 1-bit field that
can indicate, when set to 1 additional header is present for
future extension. A value of 0 can indicate that this extension
header is not present.

Hereinafter, a description will be given of an additional
header when segmentation is used.

This additional header (tsib10020) can be present when
Segmentation_Concatenation (S/C)="0". Segment_Sequen-
ce_Number can be a 5-bit unsigned integer that can indicate
the order of the corresponding segment carried by the link
layer packet. For the link layer packet which carries the first
segment of an input packet, the value of this field can be set
to 0x0. This field can be incremented by one with each
additional segment belonging to the segmented input packet.

Last_Segment_Indicator (LSI) can be a 1-bit field that can
indicate, when set to 1, that the segment in this payload is the
last one of input packet. A value of 0, can indicate that it is
not last segment.

SIF (Sub stream Identifier Flag) can be a 1-bit field that
can indicate whether the SID is present after the HEF field
or not. When there is no SID in the link layer packet, SIF
field can be set to 0. When there is a SID after the HEF field
in the link layer packet, SIF can be set to 1.

HEF (Header Extension Flag) can be a This 1-bit field that
can indicate, when set to 1, that the optional header exten-
sion is present after the additional header for future exten-
sions of the link layer header. A value of O can indicate that
optional header extension is not present.

According to a given embodiment, a packet ID field may
be additionally provided to indicate that each segment is
generated from the same input packet. This field may be
unnecessary and thus be omitted when segments are trans-
mitted in order.

Hereinafter, a description will be given of an additional
header when concatenation is used.

This additional header (tsib10030) can be present when
Segmentation_Concatenation (S/C)="1".

Length. MSB can be a 4-bit field that can indicate MSB
bits of the payload length in bytes in this link layer packet.
The maximum length of the payload is 32767 bytes for
concatenation. As described in the foregoing, a specific
numeric value may be changed.

Count can be a field that can indicate the number of the
packets included in the link layer packet. The number of the
packets included in the link layer packet, 2 can be set to this
field. So, its maximum value of concatenated packets in a
link layer packet is 9. A scheme in which the count field
indicates the number may be varied depending on embodi-
ments. That is, the numbers from 1 to 8 may be indicated.

HEF (Header Extension Flag) can be a 1-bit field that can
indicate, when set to 1 the optional header extension is
present after the additional header for future extensions of
the link layer header. A value of 0, can indicate extension
header is not present.

Component_Length can be a 12-bit length field that can
indicate the length in byte of each packet. Component_
Length fields are included in the same order as the packets
present in the payload except last component packet. The
number of length field can be indicated by (Count+1).
According to a given embodiment, length fields, the number
of which is the same as a value of the count field, may be
present. When a link layer header consists of an odd number
of Component_Length, four stuffing bits can follow after the
last Component_Length field. These bits can be set to 0.
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According to a given embodiment, a Component_length
field indicating a length of a last concatenated input packet
may not be present. In this case, the length of the last
concatenated input packet may correspond to a length
obtained by subtracting a sum of values indicated by respec-
tive Component_length fields from a whole payload length.

Hereinafter, the optional header will be described.

As described in the foregoing, the optional header may be
added to a rear of the additional header. The optional header
field can contain SID and/or header extension. The SID is
used to filter out specific packet stream in the link layer
level. One example of SID is the role of service identifier in
a link layer stream carrying multiple services. The mapping
information between a service and the SID value corre-
sponding to the service can be provided in the SLT, if
applicable. The header extension contains extended field for
future use. Receivers can ignore any header extensions
which they do not understand.

SID (Sub stream Identifier) can be an 8-bit field that can
indicate the sub stream identifier for the link layer packet. If
there is optional header extension, SID present between
additional header and optional header extension.

Header_Extension ( ) can include the fields defined below.

Extension_Type can be an 8-bit field that can indicate the
type of the Header_Extension ( ).

Extension_Length can be an 8-bit field that can indicate
the length of the Header_ Extension ( ) in bytes counting
from the next byte to the last byte of the Header_Extension
O

Extension_Byte can be a byte representing the value of
the Header_Extension ( ).

FIG. 11 illustrates a structure of an additional header of a
link layer packet according to another embodiment of the
present invention.

Hereinafter, a description will be given of an additional
header for signaling information.

How link layer signaling is incorporated into link layer
packets are as follows. Signaling packets are identified by
when the Packet_Type field of the base header is equal to
100.

Figure (tsib11010) shows the structure of the link layer
packets containing additional header for signaling informa-
tion. In addition to the link layer header, the link layer packet
can consist of two additional parts, additional header for
signaling information and the actual signaling data itself.
The total length of the link layer signaling packet is shown
in the link layer packet header.

The additional header for signaling information can
include following fields. According to a given embodiment,
some fields may be omitted.

Signaling_Type can be an 8-bit field that can indicate the
type of signaling.

Signaling_Type_Extension can be a 16-bit filed that can
indicate the attribute of the signaling. Detail of this field can
be defined in signaling specification.

Signaling_Version can be an 8-bit field that can indicate
the version of signaling.

Signaling_Format can be a 2-bit field that can indicate the
data format of the signaling data. Here, a signaling format
may refer to a data format such as a binary format, an XML
format, etc.

Signaling_Encoding can be a 2-bit field that can specity
the encoding/compression format. This field may indicate
whether compression is not performed and which type of
compression is performed.

Hereinafter, a description will be given of an additional
header for packet type extension.

25

40

45

50

55

65

30

In order to provide a mechanism to allow an almost
unlimited number of additional protocol and packet types to
be carried by link layer in the future, the additional header
is defined. Packet type extension can be used when Pack-
et_type is 111 in the base header as described above. Figure
(tsib11020) shows the structure of the link layer packets
containing additional header for type extension.

The additional header for type extension can include
following fields. According to a given embodiment, some
fields may be omitted.

extended_type can be a 16-bit field that can indicate the
protocol or packet type of the input encapsulated in the link
layer packet as payload. This field cannot be used for any
protocol or packet type already defined by Packet_Type
field.

FIG. 12 illustrates a header structure of a link layer packet
for an MPEG-2 TS packet and an encapsulation process
thereof according to an embodiment of the present inven-
tion.

Hereinafter, a description will be given of a format of the
link layer packet when the MPEG-2 TS packet is input as an
input packet.

In this case, the Packet_Type field of the base header is
equal to 010. Multiple TS packets can be encapsulated
within each link layer packet. The number of TS packets is
signaled via the NUMTS field. In this case, as described in
the foregoing, a particular link layer packet header format
may be used.

Link layer provides overhead reduction mechanisms for
MPEG-2 TS to enhance the transmission efficiency. The
sync byte (0x47) of each TS packet can be deleted. The
option to delete NULL packets and similar TS headers is
also provided.

In order to avoid unnecessary transmission overhead, TS
null packets (PID=0x1FFF) may be removed. Deleted null
packets can be recovered in receiver side using DNP field.
The DNP field indicates the count of deleted null packets.
Null packet deletion mechanism using DNP field is
described below.

In order to achieve more transmission efficiency, similar
header of MPEG-2 TS packets can be removed. When two
or more successive TS packets have sequentially increased
continuity counter fields and other header fields are the
same, the header is sent once at the first packet and the other
headers are deleted. HDM field can indicate whether the
header deletion is performed or not. Detailed procedure of
common TS header deletion is described below.

When all three overhead reduction mechanisms are per-
formed, overhead reduction can be performed in sequence of
sync removal, null packet deletion, and common header
deletion. According to a given embodiment, a performance
order of respective mechanisms may be changed. In addi-
tion, some mechanisms may be omitted according to a given
embodiment.

The overall structure of the link layer packet header when
using MPEG-2 TS packet encapsulation is depicted in
Figure (tsib12010).

Hereinafter, a description will be given of each illustrated
field. Packet_Type can be a 3-bit field that can indicate the
protocol type of input packet as describe above. For
MPEG-2 TS packet encapsulation, this field can always be
set to 010.

NUMTS (Number of TS packets) can be a 4-bit field that
can indicate the number of TS packets in the payload of this
link layer packet. A maximum of 16 TS packets can be
supported in one link layer packet. The value of NUMTS=0
can indicate that 16 TS packets are carried by the payload of
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the link layer packet. For all other values of NUMTS, the
same number of TS packets are recognized, e.g.
NUMTS=0001 means one TS packet is carried.

AHF (Additional Header Flag) can be a field that can
indicate whether the additional header is present of not. A
value of O indicates that there is no additional header. A
value of 1 indicates that an additional header of length
1-byte is present following the base header. If null TS
packets are deleted or TS header compression is applied this
field can be set to 1. The additional header for TS packet
encapsulation consists of the following two fields and is
present only when the value of AHF in this link layer packet
is set to 1.

HDM (Header Deletion Mode) can be a 1-bit field that
indicates whether TS header deletion can be applied to this
link layer packet. A value of 1 indicates that TS header
deletion can be applied. A value of “0” indicates that the TS
header deletion method is not applied to this link layer
packet.

DNP (Deleted Null Packets) can be a 7-bit field that
indicates the number of deleted null TS packets prior to this
link layer packet. A maximum of 128 null TS packets can be
deleted. When HDM=0 the value of DNP=0 can indicate
that 128 null packets are deleted. When HDM=1 the value
of DNP=0 can indicate that no null packets are deleted. For
all other values of DNP, the same number of null packets are
recognized, e.g. DNP=5 means 5 null packets are deleted.

The number of bits of each field described above may be
changed. According to the changed number of bits, a mini-
mun/maximum value of a value indicated by the field may
be changed. These numbers may be changed by a designer.

Hereinafter, SYNC byte removal will be described.

When encapsulating TS packets into the payload of a link
layer packet, the SYNC byte (0x47) from the start of each
TS packet can be deleted. Hence the length of the MPEG2-
TS packet encapsulated in the payload of the link layer
packet is always of length 187 bytes (instead of 188 bytes
originally).

Hereinafter, null packet deletion will be described.

Transport Stream rules require that bit rates at the output
of a transmitter’s multiplexer and at the input of the receiv-
er’s de-multiplexer are constant in time and the end-to-end
delay is also constant. For some Transport Stream input
signals, null packets may be present in order to accommo-
date variable bitrate services in a constant bitrate stream. In
this case, in order to avoid unnecessary transmission over-
head, TS null packets (that is TS packets with PID=0x1FFF)
may be removed. The process is carried-out in a way that the
removed null packets can be re-inserted in the receiver in the
exact place where they were originally, thus guaranteeing
constant bitrate and avoiding the need for PCR time stamp
updating.

Before generation of a link layer packet, a counter called
DNP (Deleted Null-Packets) can first be reset to zero and
then incremented for each deleted null packet preceding the
first non-null TS packet to be encapsulated into the payload
of'the current link layer packet. Then a group of consecutive
useful TS packets is encapsulated into the payload of the
current link layer packet and the value of each field in its
header can be determined. After the generated link layer
packet is injected to the physical layer, the DNP is reset to
zero. When DNP reaches its maximum allowed value, if the
next packet is also a null packet, this null packet is kept as
a useful packet and encapsulated into the payload of the next
link layer packet. Each link layer packet can contain at least
one useful TS packet in its payload.
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Hereinafter, TS packet header deletion will be described.
TS packet header deletion may be referred to as TS packet
header compression.

When two or more successive TS packets have sequen-
tially increased continuity counter fields and other header
fields are the same, the header is sent once at the first packet
and the other headers are deleted. When the duplicated
MPEG-2 TS packets are included in two or more successive
TS packets, header deletion cannot be applied in transmitter
side. HDM field can indicate whether the header deletion is
performed or not. When TS header deletion is performed,
HDM can be set to 1. In the receiver side, using the first
packet header, the deleted packet headers are recovered, and
the continuity counter is restored by increasing it in order
from that of the first header.

An example tsib12020 illustrated in the figure is an
example of a process in which an input stream of a TS packet
is encapsulated into a link layer packet. First, a TS stream
including TS packets having SYNC byte (0x47) may be
input. First, sync bytes may be deleted through a sync byte
deletion process. In this example, it is presumed that null
packet deletion is not performed.

Here, it is presumed that packet headers of eight TS
packets have the same field values except for CC, that is, a
continuity counter field value. In this case, TS packet
deletion/compression may be performed. Seven remaining
TS packet headers are deleted except for a first TS packet
header corresponding to CC=1. The processed TS packets
may be encapsulated into a payload of the link layer packet.

In a completed link layer packet, a Packet_Type field
corresponds to a case in which TS packets are input, and thus
may have a value of 010. ANUMTS field may indicate the
number of encapsulated TS packets. An AHF field may be
set to 1 to indicate the presence of an additional header since
packet header deletion is performed. An HDM field may be
set to 1 since header deletion is performed. DNP may be set
to 0 since null packet deletion is not performed.

FIG. 13 illustrates an example of adaptation modes in IP
header compression according to an embodiment of the
present invention (transmitting side).

Hereinafter, IP header compression will be described.

In the link layer, IP header compression/decompression
scheme can be provided. IP header compression can include
two parts: header compressor/decompressor and adaptation
module. The header compression scheme can be based on
the Robust Header Compression (RoHC). In addition, for
broadcasting usage, adaptation function is added.

In the transmitter side, ROHC compressor reduces the
size of header for each packet. Then, adaptation module
extracts context information and builds signaling informa-
tion from each packet stream. In the receiver side, adaptation
module parses the signaling information associated with the
received packet stream and attaches context information to
the received packet stream. ROHC decompressor recon-
structs the original IP packet by recovering the packet
header.

The header compression scheme can be based on the
RoHC as described above. In particular, in the present
system, an RoHC framework can operate in a unidirectional
mode (U mode) of the RoHC. In addition, in the present
system, it is possible to use an RoHC UDP header compres-
sion profile which is identified by a profile identifier of
0x0002.

Hereinafter, adaptation will be described.

In case of transmission through the unidirectional link, if
a receiver has no information of context, decompressor
cannot recover the received packet header until receiving
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full context. This may cause channel change delay and turn
on delay. For this reason, context information and configu-
ration parameters between compressor and decompressor
can be always sent with packet flow.

The Adaptation function provides out-of-band transmis-
sion of the configuration parameters and context informa-
tion. Out-of-band transmission can be done through the link
layer signaling. Therefore, the adaptation function is used to
reduce the channel change delay and decompression error
due to loss of context information.

Hereinafter, extraction of context information will be
described.

Context information may be extracted using various
schemes according to adaptation mode. In the present inven-
tion, three examples will be described below. The scope of
the present invention is not restricted to the examples of the
adaptation mode to be described below. Here, the adaptation
mode may be referred to as a context extraction mode.

Adaptation Mode 1 (not illustrated) may be a mode in
which no additional operation is applied to a basic RoHC
packet stream. In other words, the adaptation module may
operate as a buffer in this mode. Therefore, in this mode,
context information may not be included in link layer
signaling

In Adaptation Mode 2 (tsib13010), the adaptation module
can detect the IR packet from ROHC packet flow and extract
the context information (static chain). After extracting the
context information, each IR packet can be converted to an
IR-DYN packet. The converted IR-DYN packet can be
included and transmitted inside the ROHC packet flow in the
same order as IR packet, replacing the original packet.

In Adaptation Mode 3 (tsib13020), the adaptation module
can detect the IR and IR-DYN packet from ROHC packet
flow and extract the context information. The static chain
and dynamic chain can be extracted from IR packet and
dynamic chain can be extracted from IR-DYN packet. After
extracting the context information, each IR and IR-DYN
packet can be converted to a compressed packet. The
compressed packet format can be the same with the next
packet of IR or IR-DYN packet. The converted compressed
packet can be included and transmitted inside the ROHC
packet flow in the same order as IR or IR-DYN packet,
replacing the original packet.

Signaling (context) information can be encapsulated
based on transmission structure. For example, context infor-
mation can be encapsulated to the link layer signaling. In
this case, the packet type value can be set to “100™.

In the above-described Adaptation Modes 2 and 3, a link
layer packet for context information may have a packet type
field value of 100. In addition, a link layer packet for
compressed [P packets may have a packet type field value of
001. The values indicate that each of the signaling informa-
tion and the compressed IP packets are included in the link
layer packet as described above.

Hereinafter, a description will be given of a method of
transmitting the extracted context information.

The extracted context information can be transmitted
separately from ROHC packet flow, with signaling data
through specific physical data path. The transmission of
context depends on the configuration of the physical layer
path. The context information can be sent with other link
layer signaling through the signaling data pipe.

In other words, the link layer packet having the context
information may be transmitted through a signaling PLP
together with link layer packets having other link layer
signaling information (Packet_Type=100). Compressed 1P
packets from which context information is extracted may be
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transmitted through a general PLP (Packet_Type=001).
Here, depending on embodiments, the signaling PLP may
refer to an L1 signaling path. In addition, depending on
embodiments, the signaling PLP may not be separated from
the general PLP, and may refer to a particular and general
PLP through which the signaling information is transmitted.

At a receiving side, prior to reception of a packet stream,
a receiver may need to acquire signaling information. When
receiver decodes initial PLP to acquire the signaling infor-
mation, the context signaling can be also received. After the
signaling acquisition is done, the PLP to receive packet
stream can be selected. In other words, the receiver may
acquire the signaling information including the context
information by selecting the initial PLP. Here, the initial PLP
may be the above-described signaling PLP. Thereafter, the
receiver may select a PLP for acquiring a packet stream. In
this way, the context information may be acquired prior to
reception of the packet stream.

After the PLP for acquiring the packet stream is selected,
the adaptation module can detect IR-DYN packet form
received packet flow. Then, the adaptation module parses the
static chain from the context information in the signaling
data. This is similar to receiving the IR packet. For the same
context identifier, IR-DYN packet can be recovered to IR
packet. Recovered ROHC packet flow can be sent to ROHC
decompressor. Thereafter, decompression may be started.

FIG. 14 illustrates a link mapping table (LMT) and an
RoHC-U description table according to an embodiment of
the present invention.

Hereinafter, link layer signaling will be described.

Generally, link layer signaling is operates under IP level.
At the receiver side, link layer signaling can be obtained
earlier than IP level signaling such as Service List Table
(SLT) and Service Layer Signaling (SLS). Therefore, link
layer signaling can be obtained before session establish-
ment.

For link layer signaling, there can be two kinds of
signaling according input path: internal link layer signaling
and external link layer signaling. The internal link layer
signaling is generated in link layer at transmitter side. And
the link layer takes the signaling from external module or
protocol. This kind of signaling information is considered as
external link layer signaling. If some signaling need to be
obtained prior to IP level signaling, external signaling is
transmitted in format of link layer packet.

The link layer signaling can be encapsulated into link
layer packet as described above. The link layer packets can
carry any format of link layer signaling, including binary
and XML. The same signaling information may not be
transmitted in different formats for the link layer signaling.

Internal link layer signaling may include signaling infor-
mation for link mapping. The Link Mapping Table (LMT)
provides a list of upper layer sessions carried in a PLP. The
LMT also provides addition information for processing the
link layer packets carrying the upper layer sessions in the
link layer.

An example of the LMT (tsib14010) according to the
present invention is illustrated.

signaling_type can be an 8-bit unsigned integer field that
indicates the type of signaling carried by this table. The
value of signaling_type field for Link Mapping Table (LMT)
can be set to 0x01.

PLP_ID can be an 8-bit field that indicates the PLP
corresponding to this table.

num_session can be an 8-bit unsigned integer field that
provides the number of upper layer sessions carried in the
PLP identified by the above PLP_ID field. When the value
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of signaling type field is 0x01, this field can indicate the
number of UDP/IP sessions in the PLP.

src_IP_add can be a 32-bit unsigned integer field that
contains the source IP address of an upper layer session
carried in the PLP identified by the PLP_ID field.

dst_IP_add can be a 32-bit unsigned integer field that
contains the destination IP address of an upper layer session
carried in the PLP identified by the PLP_ID field.

src_UDP_port can be a 16-bit unsigned integer field that
represents the source UDP port number of an upper layer
session carried in the PLP identified by the PLP_ID field.

dst_UDP_port can be a 16-bit unsigned integer field that
represents the destination UDP port number of an upper
layer session carried in the PLP identified by the PLP_ID
field.

SID_flag can be a 1-bit Boolean field that indicates
whether the link layer packet carrying the upper layer
session identified by above 4 fields, Src_IP_add, Dst_I-
P_add, Src_UDP_Port and Dst_UDP_Port, has an SID field
in its optional header. When the value of this field is set to
0, the link layer packet carrying the upper layer session may
not have an SID field in its optional header. When the value
of this field is set to 1, the link layer packet carrying the
upper layer session can have an SID field in its optional
header and the value the SID field can be same as the
following SID field in this table.

compressed_flag can be a 1-bit Boolean field that indi-
cates whether the header compression is applied the link
layer packets carrying the upper layer session identified by
above 4 fields, Src_IP_add, Dst_IP_add, Src_UDP_Port and
Dst_UDP_Port. When the value of this field is set to 0, the
link layer packet carrying the upper layer session may have
a value of 0x00 of Packet_Type field in its base header.
When the value of this field is set to 1, the link layer packet
carrying the upper layer session may have a value of 0x01
of Packet_Type field in its base header and the Context_ID
field can be present.

SID can be an 8-bit unsigned integer field that indicates
sub stream identifier for the link layer packets carrying the
upper layer session identified by above 4 fields, Src_IP_add,
Dst_IP_add, Src_UDP_Port and Dst_UDP_Port. This field
can be present when the value of SID_flag is equal to 1.

context_id can be an 8-bit field that provides a reference
for the context id (CID) provided in the ROHC-U descrip-
tion table. This field can be present when the value of
compressed_flag is equal to 1.

An example of the RoHC-U description table (tsib14020)
according to the present invention is illustrated. As
described in the foregoing, the RoHC-U adaptation module
may generate information related to header compression.

signaling_type can be an 8-bit field that indicates the type
of signaling carried by this table. The value of signaling_
type field for ROHC-U description table (RDT) can be set to
“0x02”.

PLP_ID can be an 8-bit field that indicates the PLP
corresponding to this table.

context_id can be an 8-bit field that indicates the context
id (CID) of the compressed IP stream. In this system, 8-bit
CID can be used for large CID.

context_profile can be an 8-bit field that indicates the
range of protocols used to compress the stream. This field
can be omitted.

adaptation_mode can be a 2-bit field that indicates the
mode of adaptation module in this PLP. Adaptation modes
have been described above.

context_config can be a 2-bit field that indicates the
combination of the context information. If there is no
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context information in this table, this field may be set to
“0x0”. If the static_chain( ) or dynamic_chain( ) byte is
included in this table, this field may be set to “Ox01” or
“0x02” respectively. If both of the static_chain( ) and
dynamic_chain( ) byte are included in this table, this field
may be set to “0x03”.

context_length can be an 8-bit field that indicates the
length of the static chain byte sequence. This field can be
omitted.

static_chain_byte ( ) can be a field that conveys the static
information used to initialize the ROHC-U decompressor.
The size and structure of this field depend on the context
profile.

dynamic_chain_byte ( ) can be a field that conveys the
dynamic information used to initialize the ROHC-U decom-
pressor. The size and structure of this field depend on the
context profile.

The static_chain_byte can be defined as sub-header infor-
mation of IR packet. The dynamic_chain_byte can be
defined as sub-header information of IR packet and IR-DYN
packet.

FIG. 15 illustrates a structure of a link layer on a trans-
mitter side according to an embodiment of the present
invention.

The present embodiment presumes that an IP packet is
processed. From a functional point of view, the link layer on
the transmitter side may broadly include a link layer signal-
ing part in which signaling information is processed, an
overhead reduction part, and/or an encapsulation part. In
addition, the link layer on the transmitter side may include
a scheduler for controlling and scheduling an overall opera-
tion of the link layer and/or input and output parts of the link
layer.

First, signaling information of an upper layer and/or a
system parameter tsib15010 may be delivered to the link
layer. In addition, an IP stream including IP packets may be
delivered to the link layer from an IP layer tsib15110.

As described above, the scheduler tsib15020 may deter-
mine and control operations of several modules included in
the link layer. The delivered signaling information and/or
system parameter tsib15010 may be filterer or used by the
scheduler tsib15020. Information, which corresponds to a
part of the delivered signaling information and/or system
parameter tsib15010, necessary for a receiver may be deliv-
ered to the link layer signaling part. In addition, information,
which corresponds to a part of the signaling information,
necessary for an operation of the link layer may be delivered
to an overhead reduction controller tsib15120 or an encap-
sulation controller tsib15180.

The link layer signaling part may collect information to be
transmitted as a signal in a physical layer, and convert/
configure the information in a form suitable for transmis-
sion. The link layer signaling part may include a signaling
manager tsib15030, a signaling formatter tsib15040, and/or
a buffer for channels tsib15050.

The signaling manager tsib15030 may receive signaling
information delivered from the scheduler tsib15020 and/or
signaling (and/or context) information delivered from the
overhead reduction part. The signaling manager tsib15030
may determine a path for transmission of the signaling
information for delivered data. The signaling information
may be delivered through the path determined by the sig-
naling manager tsib15030. As described in the foregoing,
signaling information to be transmitted through a divided
channel such as the FIC, the EAS, etc. may be delivered to
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the signaling formatter tsib15040, and other signaling infor-
mation may be delivered to an encapsulation buffer
tsib15070.

The signaling formatter tsib15040 may format related
signaling information in a form suitable for each divided
channel such that signaling information may be transmitted
through a separately divided channel. As described in the
foregoing, the physical layer may include separate physi-
cally/logically divided channels. The divided channels may
be used to transmit FIC signaling information or EAS-
related information. The FIC or EAS-related information
may be sorted by the signaling manager tsib15030, and input
to the signaling formatter tsib15040. The signaling formatter
tsib15040 may format the information based on each sepa-
rate channel. When the physical layer is designed to transmit
particular signaling information through a separately
divided channel other than the FIC and the EAS, a signaling
formatter for the particular signaling information may be
additionally provided. Through this scheme, the link layer
may be compatible with various physical layers.

The buffer for channels tsib15050 may deliver the sig-
naling information received from the signaling formatter
tsib15040 to separate dedicated channels tsib15060. The
number and content of the separate channels may vary
depending on embodiments.

As described in the foregoing, the signaling manager
tsib15030 may deliver signaling information, which is not
delivered to a particular channel, to the encapsulation buffer
tsib15070. The encapsulation buffer tsib15070 may function
as a buffer that receives the signaling information which is
not delivered to the particular channel.

An encapsulation block for signaling information
tsib15080 may encapsulate the signaling information which
is not delivered to the particular channel A transmission
buffer tsib15090 may function as a buffer that delivers the
encapsulated signaling information to a DP for signaling
information tsib15100. Here, the DP for signaling informa-
tion tsib15100 may refer to the above-described PLS region.

The overhead reduction part may allow efficient trans-
mission by removing overhead of packets delivered to the
link layer. It is possible to configure overhead reduction
parts corresponding to the number of IP streams input to the
link layer.

An overhead reduction buffer tsib15130 may receive an
IP packet delivered from an upper layer. The received IP
packet may be input to the overhead reduction part through
the overhead reduction buffer tsib15130.

An overhead reduction controller tsib15120 may deter-
mine whether to perform overhead reduction on a packet
stream input to the overhead reduction buffer tsib15130. The
overhead reduction controller tsib15120 may determine
whether to perform overhead reduction for each packet
stream. When overhead reduction is performed on a packet
stream, packets may be delivered to a robust header com-
pression (RoHC) compressor tsib15140 to perform overhead
reduction. When overhead reduction is not performed on a
packet stream, packets may be delivered to the encapsulation
part to perform encapsulation without overhead reduction.
Whether to perform overhead reduction of packets may be
determined based on the signaling information tsib15010
delivered to the link layer. The signaling information may be
delivered to the encapsulation controller tsib15180 by the
scheduler tsib15020.

The RoHC compressor tsib15140 may perform overhead
reduction on a packet stream. The RoHC compressor
tsib15140 may perform an operation of compressing a
header of a packet. Various schemes may be used for

10

15

20

25

30

35

40

45

50

55

60

65

38

overhead reduction. Overhead reduction may be performed
using a scheme proposed by the present invention. The
present invention presumes an IP stream, and thus an expres-
sion “RoHC compressor” is used. However, the name may
be changed depending on embodiments. The operation is not
restricted to compression of the IP stream, and overhead
reduction of all types of packets may be performed by the
RoHC compressor tsib15140.

A packet stream configuration block tsib15150 may sepa-
rate information to be transmitted to a signaling region and
information to be transmitted to a packet stream from IP
packets having compressed headers. The information to be
transmitted to the packet stream may refer to information to
be transmitted to a DP region. The information to be
transmitted to the signaling region may be delivered to a
signaling and/or context controller tsib15160. The informa-
tion to be transmitted to the packet stream may be trans-
mitted to the encapsulation part.

The signaling and/or context controller tsib15160 may
collect signaling and/or context information and deliver the
signaling and/or context information to the signaling man-
ager in order to transmit the signaling and/or context infor-
mation to the signaling region.

The encapsulation part may perform an operation of
encapsulating packets in a form suitable for a delivery to the
physical layer. It is possible to configure encapsulation parts
corresponding to the number of IP streams.

An encapsulation buffer tsib15170 may receive a packet
stream for encapsulation. Packets subjected to overhead
reduction may be received when overhead reduction is
performed, and an input IP packet may be received without
change when overhead reduction is not performed.

An encapsulation controller tsib15180 may determine
whether to encapsulate an input packet stream. When encap-
sulation is performed, the packet stream may be delivered to
a segmentation/concatenation block tsib15190. When
encapsulation is not performed, the packet stream may be
delivered to a transmission buffer tsib15230. Whether to
encapsulate packets may be determined based on the sig-
naling information tsib15010 delivered to the link layer. The
signaling information may be delivered to the encapsulation
controller tsib15180 by the scheduler tsib15020.

In the segmentation/concatenation block tsib15190, the
above-described segmentation or concatenation operation
may be performed on packets. In other words, when an input
IP packet is longer than a link layer packet corresponding to
an output of the link layer, one IP packet may be segmented
into several segments to configure a plurality of link layer
packet payloads. On the other hand, when an input IP packet
is shorter than a link layer packet corresponding to an output
of the link layer, several IP packets may be concatenated to
configure one link layer packet payload.

A packet configuration table tsib15200 may have con-
figuration information of a segmented and/or concatenated
link layer packet. A transmitter and a receiver may have the
same information in the packet configuration table
tsib15200. The transmitter and the receiver may refer to the
information of the packet configuration table tsib15200. An
index value of the information of the packet configuration
table tsib15200 may be included in a header of the link layer
packet.

A link layer header information block tsib15210 may
collect header information generated in an encapsulation
process. In addition, the link layer header information block
tsib15210 may collect header information included in the
packet configuration table tsib15200. The link layer header
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information block tsib15210 may configure header informa-
tion according to a header structure of the link layer packet.

A header attachment block tsib15220 may add a header to
a payload of a segmented and/or concatenated link layer
packet. The transmission buffer tsib15230 may function as a
buffer to deliver the link layer packet to a DP tsib15240 of
the physical layer.

The respective blocks, modules, or parts may be config-
ured as one module/protocol or a plurality of modules/
protocols in the link layer.

FIG. 16 illustrates a structure of a link layer on a receiver
side according to an embodiment of the present invention.

The present embodiment presumes that an IP packet is
processed. From a functional point of view, the link layer on
the receiver side may broadly include a link layer signaling
part in which signaling information is processed, an over-
head processing part, and/or a decapsulation part. In addi-
tion, the link layer on the receiver side may include a
scheduler for controlling and scheduling overall operation of
the link layer and/or input and output parts of the link layer.

First, information received through a physical layer may
be delivered to the link layer. The link layer may process the
information, restore an original state before being processed
at a transmitter side, and then deliver the information to an
upper layer. In the present embodiment, the upper layer may
be an IP layer.

Information, which is separated in the physical layer and
delivered through a particular channel tsib16030, may be
delivered to a link layer signaling part. The link layer
signaling part may determine signaling information received
from the physical layer, and deliver the determined signaling
information to each part of the link layer.

A buffer for channels tsib16040 may function as a buffer
that receives signaling information transmitted through par-
ticular channels. As described in the foregoing, when physi-
cally/logically divided separate channels are present in the
physical layer, it is possible to receive signaling information
transmitted through the channels. When the information
received from the separate channels is segmented, the seg-
mented information may be stored until complete informa-
tion is configured.

A signaling decoder/parser tsib16050 may verify a format
of the signaling information received through the particular
channel, and extract information to be used in the link layer.
When the signaling information received through the par-
ticular channel is encoded, decoding may be performed. In
addition, according to a given embodiment, it is possible to
verify integrity, etc. of the signaling information.

A signaling manager tsib16060 may integrate signaling
information received through several paths. Signaling infor-
mation received through a DP for signaling tsib16070 to be
described below may be integrated in the signaling manager
tsib16060. The signaling manager tsib16060 may deliver
signaling information necessary for each part in the link
layer. For example, the signaling manager tsib16060 may
deliver context information, etc. for recovery of a packet to
the overhead processing part. In addition, the signaling
manager tsib16060 may deliver signaling information for
control to a scheduler tsib16020.

General signaling information, which is not received
through a separate particular channel, may be received
through the DP for signaling tsib16070. Here, the DP for
signaling may refer to PLS, L1, etc. Here, the DP may be
referred to as a PLP. A reception buffer tsib16080 may
function as a buffer that receives signaling information
delivered from the DP for signaling. In a decapsulation block
for signaling information tsib16090, the received signaling
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information may be decapsulated. The decapsulated signal-
ing information may be delivered to the signaling manager
tsib16060 through a decapsulation buffer tsib16100. As
described in the foregoing, the signaling manager tsib16060
may collate signaling information, and deliver the collated
signaling information to a necessary part in the link layer.

The scheduler tsib16020 may determine and control
operations of several modules included in the link layer. The
scheduler tsib16020 may control each part of the link layer
using receiver information tsib16010 and/or information
delivered from the signaling manager tsib16060. In addition,
the scheduler tsib16020 may determine an operation mode,
etc. of each part. Here, the receiver information tsib16010
may refer to information previously stored in the receiver.
The scheduler tsib16020 may use information changed by a
user such as channel switching, etc. to perform a control
operation.

The decapsulation part may filter a packet received from
a DP tsib16110 of the physical layer, and separate a packet
according to a type of the packet. It is possible to configure
decapsulation parts corresponding to the number of DPs that
can be simultaneously decoded in the physical layer.

The decapsulation buffer tsib16100 may function as a
buffer that receives a packet stream from the physical layer
to perform decapsulation. A decapsulation controller
tsib16130 may determine whether to decapsulate an input
packet stream. When decapsulation is performed, the packet
stream may be delivered to a link layer header parser
tsib16140. When decapsulation is not performed, the packet
stream may be delivered to an output buffer tsib16220. The
signaling information received from the scheduler tsib16020
may be used to determine whether to perform decapsulation.

The link layer header parser tsib16140 may identify a
header of the delivered link layer packet. It is possible to
identify a configuration of an IP packet included in a payload
of the link layer packet by identifying the header. For
example, the IP packet may be segmented or concatenated.

A packet configuration table tsib16150 may include pay-
load information of segmented and/or concatenated link
layer packets. The transmitter and the receiver may have the
same information in the packet configuration table
tsib16150. The transmitter and the receiver may refer to the
information of the packet configuration table tsib16150. It is
possible to find a value necessary for reassembly based on
index information included in the link layer packet.

A reassembly block tsib16160 may configure payloads of
the segmented and/or concatenated link layer packets as
packets of an original IP stream. Segments may be collected
and reconfigured as one IP packet, or concatenated packets
may be separated and reconfigured as a plurality of IP packet
streams. Recombined IP packets may be delivered to the
overhead processing part.

The overhead processing part may perform an operation
of restoring a packet subjected to overhead reduction to an
original packet as a reverse operation of overhead reduction
performed in the transmitter. This operation may be referred
to as overhead processing. It is possible to configure over-
head processing parts corresponding to the number of DPs
that can be simultaneously decoded in the physical layer.

A packet recovery buffer tsib16170 may function as a
buffer that receives a decapsulated RoHC packet or IP
packet to perform overhead processing.

An overhead controller tsib16180 may determine whether
to recover and/or decompress the decapsulated packet.
When recovery and/or decompression are performed, the
packet may be delivered to a packet stream recovery block
tsib16190. When recovery and/or decompression are not
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performed, the packet may be delivered to the output buffer
tsib16220. Whether to perform recovery and/or decompres-
sion may be determined based on the signaling information
delivered by the scheduler tsib16020.

The packet stream recovery block tsib16190 may perform
an operation of integrating a packet stream separated from
the transmitter with context information of the packet
stream. This operation may be a process of restoring a packet
stream such that an RoHC decompressor tsib16210 can
perform processing. In this process, it is possible to receive
signaling information and/or context information from a
signaling and/or context controller tsib16200. The signaling
and/or context controller tsib16200 may determine signaling
information delivered from the transmitter, and deliver the
signaling information to the packet stream recovery block
tsib16190 such that the signaling information may be
mapped to a stream corresponding to a context ID.

The RoHC decompressor tsib16210 may restore headers
of packets of the packet stream. The packets of the packet
stream may be restored to forms of original IP packets
through restoration of the headers. In other words, the RoHC
decompressor tsib16210 may perform overhead processing.

The output buffer tsib16220 may function as a buffer
before an output stream is delivered to an IP layer tsib16230.

The link layers of the transmitter and the receiver pro-
posed in the present invention may include the blocks or
modules described above. In this way, the link layer may
independently operate irrespective of an upper layer and a
lower layer, overhead reduction may be efficiently per-
formed, and a supportable function according to an upper/
lower layer may be easily defined/added/deleted.

FIG. 17 illustrates a configuration of signaling transmis-
sion through a link layer according to an embodiment of the
present invention (transmitting/receiving sides).

In the present invention, a plurality of service providers
(broadcasters) may provide services within one frequency
band. In addition, a service provider may provide a plurality
of services, and one service may include one or more
components. It can be considered that the user receives
content using a service as a unit.

The present invention presumes that a transmission pro-
tocol based on a plurality of sessions is used to support an
IP hybrid broadcast. Signaling information delivered
through a signaling path may be determined based on a
transmission configuration of each protocol. Various names
may be applied to respective protocols according to a given
embodiment.

In the illustrated data configuration tsib17010 on the
transmitting side, service providers (broadcasters) may pro-
vide a plurality of services (Service #1, #2, . . . ). In general,
a signal for a service may be transmitted through a general
transmission session (signaling C). However, the signal may
be transmitted through a particular session (dedicated ses-
sion) according to a given embodiment (signaling B).

Service data and service signaling information may be
encapsulated according to a transmission protocol. Accord-
ing to a given embodiment, an IP/UDP layer may be used.
According to a given embodiment, a signal in the IP/UDP
layer (signaling A) may be additionally provided. This
signaling may be omitted.

Data processed using the IP/UDP may be input to the link
layer. As described in the foregoing, overhead reduction
and/or encapsulation may be performed in the link layer.
Here, link layer signaling may be additionally provided.
Link layer signaling may include a system parameter, etc.
Link layer signaling has been described above.
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The service data and the signaling information subjected
to the above process may be processed through PLPs in a
physical layer. Here, a PLP may be referred to as a DP. The
example illustrated in the figure presumes a case in which a
base DP/PLP is used. However, depending on embodiments,
transmission may be performed using only a general
DP/PLP without the base DP/PLP.

In the example illustrated in the figure, a particular
channel (dedicated channel) such as an FIC, an EAC, etc. is
used. A signal delivered through the FIC may be referred to
as a fast information table (FIT), and a signal delivered
through the EAC may be referred to as an emergency alert
table (EAT). The FIT may be identical to the above-de-
scribed SLT. The particular channels may not be used
depending on embodiments. When the particular channel
(dedicated channel) is not configured, the FIT and the EAT
may be transmitted using a general link layer signaling
transmission scheme, or transmitted using a PLP via the
IP/UDP as other service data.

According to a given embodiment, system parameters
may include a transmitter-related parameter, a service pro-
vider-related parameter, etc. Link layer signaling may
include IP header compression-related context information
and/or identification information of data to which the con-
text is applied. Signaling of an upper layer may include an
IP address, a UDP number, service/component information,
emergency alert-related information, an IP/UDP address for
service signaling, a session ID, etc. Detailed examples
thereof have been described above.

In the illustrated data configuration tsib17020 on the
receiving side, the receiver may decode only a PLP for a
corresponding service using signaling information without
having to decode all PLPs.

First, when the user selects or changes a service desired
to be received, the receiver may be tuned to a corresponding
frequency and may read receiver information related to a
corresponding channel stored in a DB, etc. The information
stored in the DB, etc. of the receiver may be configured by
reading an SLT at the time of initial channel scan.

After receiving the SLT and the information about the
corresponding channel, information previously stored in the
DB is updated, and information about a transmission path of
the service selected by the user and information about a path,
through which component information is acquired or a
signal necessary to acquire the information is transmitted,
are acquired. When the information is not determined to be
changed using version information of the SLT, decoding or
parsing may be omitted.

The receiver may verify whether SLT information is
included in a PLP by parsing physical signaling of the PLP
in a corresponding broadcast stream (not illustrated), which
may be indicated through a particular field of physical
signaling. It is possible to access a position at which a
service layer signal of a particular service is transmitted by
accessing the SLT information. The service layer signal may
be encapsulated into the IP/UDP and delivered through a
transmission session. It is possible to acquire information
about a component included in the service using this service
layer signaling. A specific SLT-SLS configuration is as
described above.

In other words, it is possible to acquire transmission path
information, for receiving upper layer signaling information
(service signaling information) necessary to receive the
service, corresponding to one of several packet streams and
PLPs currently transmitted on a channel using the SLT. The
transmission path information may include an IP address, a
UDP port number, a session ID, a PLP ID, etc. Here,
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depending on embodiments, a value previously designated
by the IANA or a system may be used as an IP/UDP address.
The information may be acquired using a scheme of access-
ing a DB or a shared memory, etc.

When the link layer signal and service data are transmit-
ted through the same PLP, or only one PLP is operated,
service data delivered through the PLP may be temporarily
stored in a device such as a buffer, etc. while the link layer
signal is decoded.

It is possible to acquire information about a path through
which the service is actually transmitted using service
signaling information of a service to be received. In addi-
tion, a received packet stream may be subjected to decap-
sulation and header recovery using information such as
overhead reduction for a PLP to be received, etc.

In the illustrated example (tsib17020), the FIC and the
EAC are used, and a concept of the base DP/PLP is
presumed. As described in the foregoing, concepts of the
FIC, the EAC, and the base DP/PLP may not be used.

While MISO or MIMO uses two antennas in the follow-
ing for convenience of description, the present invention is
applicable to systems using two or more antennas. The
present invention proposes a physical profile (or system)
optimized to minimize receiver complexity while attaining
the performance required for a particular use case. Physical
(PHY) profiles (base, handheld and advanced profiles)
according to an embodiment of the present invention are
subsets of all configurations that a corresponding receiver
should implement. The PHY profiles share most of the
functional blocks but differ slightly in specific blocks and/or
parameters. For the system evolution, future profiles may
also be multiplexed with existing profiles in a single radio
frequency (RF) channel through a future extension frame
(FEF). The base profile and the handheld profile according
to the embodiment of the present invention refer to profiles
to which MIMO is not applied, and the advanced profile
refers to a profile to which MIMO is applied. The base
profile may be used as a profile for both the terrestrial
broadcast service and the mobile broadcast service. That is,
the base profile may be used to define a concept of a profile
which includes the mobile profile. In addition, the advanced
profile may be divided into an advanced profile for a base
profile with MIMO and an advanced profile for a handheld
profile with MIMO. Moreover, the profiles may be changed
according to intention of the designer.

The following terms and definitions may be applied to the
present invention. The following terms and definitions may
be changed according to design.

Auxiliary stream: sequence of cells carrying data of as yet
undefined modulation and coding, which may be used for
future extensions or as required by broadcasters or network
operators

Base data pipe: data pipe that carries service signaling
data

Baseband frame (or BBFRAME): set of Kbch bits which
form the input to one FEC encoding process (BCH and
LDPC encoding)

Cell: modulation value that is carried by one carrier of
orthogonal frequency division multiplexing (OFDM) trans-
mission

Coded block: LDPC-encoded block of PLS1 data or one
of the LDPC-encoded blocks of PLS2 data

Data pipe: logical channel in the physical layer that
carries service data or related metadata, which may carry
one or a plurality of service(s) or service component(s).

Data pipe unit (DPU): a basic unit for allocating data cells
to a DP in a frame.
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Data symbol: OFDM symbol in a frame which is not a
preamble symbol (the data symbol encompasses the frame
signaling symbol and frame edge symbol)

DP_ID: this 8-bit field identifies uniquely a DP within the
system identified by the SYSTEM_ID

Dummy cell: cell carrying a pseudo-random value used to
fill the remaining capacity not used for PLS signaling, DPs
or auxiliary streams

Emergency alert channel (EAC): part of a frame that
carries EAS information data

Frame: physical layer time slot that starts with a preamble
and ends with a frame edge symbol

Frame repetition unit: a set of frames belonging to the
same or different physical layer profiles including an FEF,
which is repeated eight times in a superframe

Fast information channel (FIC): a logical channel in a
frame that carries mapping information between a service
and the corresponding base DP

FECBLOCK: set of LDPC-encoded bits of DP data

FFT size: nominal FFT size used for a particular mode,
equal to the active symbol period Ts expressed in cycles of
an elementary period T

Frame signaling symbol: OFDM symbol with higher pilot
density used at the start of a frame in certain combinations
of FFT size, guard interval and scattered pilot pattern, which
carries a part of the PLS data

Frame edge symbol: OFDM symbol with higher pilot
density used at the end of a frame in certain combinations of
FFT size, guard interval and scattered pilot pattern

Frame group: the set of all frames having the same PHY
profile type in a superframe

Future extension frame: physical layer time slot within the
superframe that may be used for future extension, which
starts with a preamble

Futurecast UTB system: proposed physical layer broad-
cast system, the input of which is one or more MPEG2-TS,
IP or general stream(s) and the output of which is an RF
signal

Input stream: a stream of data for an ensemble of services
delivered to the end users by the system

Normal data symbol: data symbol excluding the frame
signaling symbol and the frame edge symbol

PHY profile: subset of all configurations that a corre-
sponding receiver should implement

PLS: physical layer signaling data including PLS1 and
PLS2

PLS1: a first set of PLS data carried in a frame signaling
symbol (FSS) having a fixed size, coding and modulation,
which carries basic information about a system as well as
parameters needed to decode PLS2

NOTE: PLS1 data remains constant for the duration of a
frame group

PLS2: a second set of PLS data transmitted in the FSS,
which carries more detailed PLS data about the system and
the DPs

PLS2 dynamic data: PL.S2 data that dynamically changes
frame-by-frame

PLS2 static data: PLS2 data that remains static for the
duration of a frame group

Preamble signaling data: signaling data carried by the
preamble symbol and used to identify the basic mode of the
system

Preamble symbol: fixed-length pilot symbol that carries
basic PLS data and is located at the beginning of a frame

The preamble symbol is mainly used for fast initial band
scan to detect the system signal, timing thereof, frequency
offset, and FFT size.
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Reserved for future use: not defined by the present
document but may be defined in future

Superframe: set of eight frame repetition units

Time interleaving block (TI block): set of cells within
which time interleaving is carried out, corresponding to one
use of a time interleaver memory

TI group: unit over which dynamic capacity allocation for
a particular DP is carried out, made up of an integer,
dynamically varying number of XFECBLOCKSs

NOTE: The TI group may be mapped directly to one
frame or may be mapped to a plurality of frames. The TI
group may contain one or more T1 blocks.

Type 1 DP: DP of a frame where all DPs are mapped to
the frame in time division multiplexing (TDM) scheme

Type 2 DP: DP of a frame where all DPs are mapped to
the frame in frequency division multiplexing (FDM) scheme

XFECBLOCK: set of N__,,_ cells carrying all the bits of
one LDPC FECBLOCK

FIG. 18 illustrates a configuration of a broadcast signal
transmission apparatus for future broadcast services accord-
ing to an embodiment of the present invention.

The broadcast signal transmission apparatus for future
broadcast services according to the present embodiment may
include an input formatting block 1000, a bit interleaved
coding & modulation (BICM) block 1010, a frame building
block 1020, an OFDM generation block 1030 and a signal-
ing generation block 1040. Description will be given of an
operation of each block of the broadcast signal transmission
apparatus.

In input data according to an embodiment of the present
invention, IP stream/packets and MPEG2-TS may be main
input formats, and other stream types are handled as general
streams. In addition to these data inputs, management infor-
mation is input to control scheduling and allocation of the
corresponding bandwidth for each input stream. In addition,
the present invention allows simultaneous input of one or a
plurality of TS streams, IP stream(s) and/or a general
stream(s).

The input formatting block 1000 may demultiplex each
input stream into one or a plurality of data pipes, to each of
which independent coding and modulation are applied. A DP
is the basic unit for robustness control, which affects QoS.
One or a plurality of services or service components may be
carried by one DP. The DP is a logical channel in a physical
layer for delivering service data or related metadata capable
of carrying one or a plurality of services or service compo-
nents.

In addition, a DPU is a basic unit for allocating data cells
to a DP in one frame.

An input to the physical layer may include one or a
plurality of data streams. Each of the data streams is
delivered by one DP. The input formatting block 1000 may
covert a data stream input through one or more physical
paths (or DPs) into a baseband frame (BBF). In this case, the
input formatting block 1000 may perform null packet dele-
tion or header compression on input data (a TS or IP input
stream) in order to enhance transmission efficiency. A
receiver may have a priori information for a particular part
of a header, and thus this known information may be deleted
from a transmitter. A null packet deletion block 3030 may be
used only for a TS input stream.

In the BICM block 1010, parity data is added for error
correction and encoded bit streams are mapped to complex-
value constellation symbols. The symbols are interleaved
across a specific interleaving depth that is used for the
corresponding DP. For the advanced profile, MIMO encod-
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ing is performed in the BICM block 1010 and an additional
data path is added at the output for MIMO transmission.

The frame building block 1020 may map the data cells of
the input DPs into the OFDM symbols within a frame, and
perform frequency interleaving for frequency-domain diver-
sity, especially to combat frequency-selective fading chan-
nels. The frame building block 1020 may include a delay
compensation block, a cell mapper and a frequency inter-
leaver.

The delay compensation block may adjust timing between
DPs and corresponding PLS data to ensure that the DPs and
the corresponding PLS data are co-timed at a transmitter
side. The PLS data is delayed by the same amount as the data
pipes by addressing the delays of data pipes caused by the
input formatting block and BICM block. The delay of the
BICM block is mainly due to the time interleaver. In-band
signaling data carries information of the next TI group so
that the information is carried one frame ahead of the DPs
to be signaled. The delay compensation block delays in-band
signaling data accordingly.

The cell mapper may map PLS, DPs, auxiliary streams,
dummy cells, etc. to active carriers of the OFDM symbols in
the frame. The basic function of the cell mapper 7010 is to
map data cells produced by the TIs for each of the DPs, PLS
cells, and EAC/FIC cells, if any, into arrays of active OFDM
cells corresponding to each of the OFDM symbols within a
frame. A basic function of the cell mapper is to map a data
cell generated by time interleaving for each DP and PLS cell
to an array of active OFDM cells (if present) corresponding
to respective OFDM symbols in one frame. Service signal-
ing data (such as program specific information (PSI)/SI)
may be separately gathered and sent by a DP. The cell
mapper operates according to dynamic information pro-
duced by a scheduler and the configuration of a frame
structure. The frequency interleaver may randomly inter-
leave data cells received from the cell mapper to provide
frequency diversity. In addition, the frequency interleaver
may operate on an OFDM symbol pair including two
sequential OFDM symbols using a different interleaving-
seed order to obtain maximum interleaving gain in a single
frame.

The OFDM generation block 1030 modulates OFDM
carriers by cells produced by the frame building block,
inserts pilots, and produces a time domain signal for trans-
mission. In addition, this block subsequently inserts guard
intervals, and applies peak-to-average power ratio (PAPR)
reduction processing to produce a final RF signal.

Specifically, after inserting a preamble at the beginning of
each frame, the OFDM generation block 1030 may apply
conventional OFDM modulation having a cyclic prefix as a
guard interval. For antenna space diversity, a distributed
MISO scheme is applied across transmitters. In addition, a
PAPR scheme is performed in the time domain. For flexible
network planning, the present invention provides a set of
various FFT sizes, guard interval lengths and corresponding
pilot patterns.

In addition, the present invention may multiplex signals
of a plurality of broadcast transmission/reception systems in
the time domain such that data of two or more different
broadcast transmission/reception systems providing broad-
cast services may be simultaneously transmitted in the same
RF signal bandwidth. In this case, the two or more different
broadcast transmission/reception systems refer to systems
providing different broadcast services. The different broad-
cast services may refer to a terrestrial broadcast service,
mobile broadcast service, etc.
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The signaling generation block 1040 may create physical
layer signaling information used for an operation of each
functional block. This signaling information is also trans-
mitted so that services of interest are properly recovered at
a receiver side. Signaling information according to an
embodiment of the present invention may include PLS data.
PLS provides the receiver with a means to access physical
layer DPs. The PLS data includes PL.S1 data and PL.S2 data.

The PLS1 data is a first set of PLS data carried in an FSS
symbol in a frame having a fixed size, coding and modula-
tion, which carries basic information about the system in
addition to the parameters needed to decode the PLS2 data.
The PLS1 data provides basic transmission parameters
including parameters required to enable reception and
decoding of the PLS2 data. In addition, the PLS1 data
remains constant for the duration of a frame group.

The PLS2 data is a second set of PLS data transmitted in
an FSS symbol, which carries more detailed PLS data about
the system and the DPs. The PLS2 contains parameters that
provide sufficient information for the receiver to decode a
desired DP. The PLS2 signaling further includes two types
of parameters, PL.S2 static data (PLS2-STAT data) and PL.S2
dynamic data (PLS2-DYN data). The PLS2 static data is
PLS2 data that remains static for the duration of a frame
group and the PL.S2 dynamic data is PL.S2 data that dynami-
cally changes frame by frame. Details of the PLS data will
be described later.

The above-described blocks may be omitted or replaced
by blocks having similar or identical functions.

FIG. 19 illustrates a BICM block according to an embodi-
ment of the present invention.

The BICM block illustrated in FIG. 19 corresponds to an
embodiment of the BICM block 1010 described with refer-
ence to FIG. 18.

As described above, the broadcast signal transmission
apparatus for future broadcast services according to the
embodiment of the present invention may provide a terres-
trial broadcast service, mobile broadcast service, UHDTV
service, etc.

Since QoS depends on characteristics of a service pro-
vided by the broadcast signal transmission apparatus for
future broadcast services according to the embodiment of
the present invention, data corresponding to respective ser-
vices needs to be processed using different schemes. Accord-
ingly, the BICM block according to the embodiment of the
present invention may independently process respective DPs
by independently applying SISO, MISO and MIMO
schemes to data pipes respectively corresponding to data
paths. Consequently, the broadcast signal transmission appa-
ratus for future broadcast services according to the embodi-
ment of the present invention may control QoS for each
service or service component transmitted through each DP.

(a) shows a BICM block applied to a profile (or system)
to which MIMO is not applied, and (b) shows a BICM block
of a profile (or system) to which MIMO is applied.

The BICM block to which MIMO is not applied and the
BICM block to which MIMO is applied may include a
plurality of processing blocks for processing each DP.

Description will be given of each processing block of the
BICM block to which MIMO is not applied and the BICM
block to which MIMO is applied.

A processing block 5000 of the BICM block to which
MIMO is not applied may include a data FEC encoder 5010,
a bit interleaver 5020, a constellation mapper 5030, a signal
space diversity (SSD) encoding block 5040 and a time
interleaver 5050.
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The data FEC encoder 5010 performs FEC encoding on
an input BBF to generate FECBLOCK procedure using
outer coding (BCH) and inner coding (LDPC). The outer
coding (BCH) is optional coding method. A detailed opera-
tion of the data FEC encoder 5010 will be described later.

The bit interleaver 5020 may interleave outputs of the
data FEC encoder 5010 to achieve optimized performance
with a combination of LDPC codes and a modulation
scheme while providing an efficiently implementable struc-
ture. A detailed operation of the bit interleaver 5020 will be
described later.

The constellation mapper 5030 may modulate each cell
word from the bit interleaver 5020 in the base and the
handheld profiles, or each cell word from the cell-word
demultiplexer 5010-1 in the advanced profile using either
QPSK, QAM-16, non-uniform QAM (NUQ-64, NUQ-256,
or NUQ-1024) or non-uniform constellation (NUC-16,
NUC-64, NUC-256, or NUC-1024) mapping to give a
power-normalized constellation point, e,. This constellation
mapping is applied only for DPs. It is observed that QAM-
16 and NUQs are square shaped, while NUCs have arbitrary
shapes. When each constellation is rotated by any multiple
ot 90 degrees, the rotated constellation exactly overlaps with
its original one. This “rotation-sense” symmetric property
makes the capacities and the average powers of the real and
imaginary components equal to each other. Both NUQs and
NUCs are defined specifically for each code rate and the
particular one used is signaled by the parameter DP_MOD
filed in the PLS2 data.

The time interleaver 5050 may operates at a DP level.
Parameters of time interleaving (TI) may be set differently
for each DP. A detailed operation of the time interleaver
5050 will be described later.

A processing block 5000-1 of the BICM block to which
MIMO is applied may include the data FEC encoder, the bit
interleaver, the constellation mapper, and the time inter-
leaver.

However, the processing block 5000-1 is distinguished
from the processing block 5000 of the BICM block to which
MIMO is not applied in that the processing block 5000-1
further includes a cell-word demultiplexer 5010-1 and a
MIMO encoding block 5020-1.

In addition, operations of the data FEC encoder, the bit
interleaver, the constellation mapper, and the time inter-
leaver in the processing block 5000-1 correspond to those of
the data FEC encoder 5010, the bit interleaver 5020, the
constellation mapper 5030, and the time interleaver 5050
described above, and thus description thereof is omitted.

The cell-word demultiplexer 5010-1 is used for a DP of
the advanced profile to divide a single cell-word stream into
dual cell-word streams for MIMO processing.

The MIMO encoding block 5020-1 may process an output
of the cell-word demultiplexer 5010-1 using a MIMO
encoding scheme. The MIMO encoding scheme is opti-
mized for broadcast signal transmission. MIMO technology
is a promising way to obtain a capacity increase but depends
on channel characteristics. Especially for broadcasting, a
strong LOS component of a channel or a difference in
received signal power between two antennas caused by
different signal propagation characteristics makes it difficult
to obtain capacity gain from MIMO. The proposed MIMO
encoding scheme overcomes this problem using rotation-
based precoding and phase randomization of one of MIMO
output signals.

MIMO encoding is intended for a 2x2 MIMO system
requiring at least two antennas at both the transmitter and the
receiver. A MIMO encoding mode of the present invention
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may be defined as full-rate spatial multiplexing (FR-SM).
FR-SM encoding may provide capacity increase with rela-
tively small complexity increase at the receiver side. In
addition, the MIMO encoding scheme of the present inven-
tion has no restriction on an antenna polarity configuration.

MIMO processing is applied at the DP level. NUQ (e, ,
and e, ;) corresponding to a pair of constellation mapper
outputs is fed to an input of a MIMO encoder. Paired MIMO
encoder output (gl,i and g2.i) is transmitted by the same
carrier k and OFDM symbol 1 of respective TX antennas
thereof.

The above-described blocks may be omitted or replaced
by blocks having similar or identical functions.

FIG. 20 illustrates a BICM block according to another
embodiment of the present invention.

The BICM block illustrated in FIG. 20 corresponds to
another embodiment of the BICM block 1010 described
with reference to FIG. 18.

FIG. 20 illustrates a BICM block for protection of physi-
cal layer signaling (PLS), an emergency alert channel (EAC)
and a fast information channel (FIC). The EAC is a part of
a frame that carries EAS information data, and the FIC is a
logical channel in a frame that carries mapping information
between a service and a corresponding base DP. Details of
the EAC and FIC will be described later.

Referring to FIG. 20, the BICM block for protection of the
PLS, the EAC and the FIC may include a PLS FEC encoder
6000, a bit interleaver 6010 and a constellation mapper
6020.

In addition, the PLS FEC encoder 6000 may include a
scrambler, a BCH encoding/zero insertion block, an LDPC
encoding block and an LDPC parity puncturing block.
Description will be given of each block of the BICM block.

The PLS FEC encoder 6000 may encode scrambled PLS
1/2 data, EAC and FIC sections.

The scrambler may scramble PLS1 data and PLS2 data
before BCH encoding and shortened and punctured LDPC
encoding.

The BCH encoding/zero insertion block may perform
outer encoding on the scrambled PLS 1/2 data using a
shortened BCH code for PLS protection, and insert zero bits
after BCH encoding. For PLS1 data only, output bits of zero
insertion may be permutted before LDPC encoding.

The LDPC encoding block may encode an output of the
BCH encoding/zero insertion block using an LDPC code. To
generate a complete coded block, C,,,. and parity bits P,,.
are encoded systematically from each zero-inserted PLS
information block I,,,., and appended thereto.

Cldpc:[lldpcpldpc] [ig i, - v - inldpc’I’ Do Pu - - -

Phigpe-Eigpe-1] [Equation 1]

The LDPC parity puncturing block may perform punc-
turing on the PLS1 data and the PLS2 data.

When shortening is applied to PL.S1 data protection, some
LDPC parity bits are punctured after LDPC encoding. In
addition, for PLS2 data protection, LDPC parity bits of
PLS2 are punctured after LDPC encoding. These punctured
bits are not transmitted.

The bit interleaver 6010 may interleave each of shortened
and punctured PLS1 data and PL.S2 data.

The constellation mapper 6020 may map the bit-inter-
leaved PLS1 data and PLS2 data to constellations.

The above-described blocks may be omitted or replaced
by blocks having similar or identical functions.

FIG. 21 illustrates a bit interleaving process of PLS
according to an embodiment of the present invention.
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Each shortened and punctured PL.S1 and PLS2 coded
block is interleaved bit-by-bit as described in FIG. 22. Each
block of additional parity bits is interleaved with the same
block interleaving structure but separately.

In the case of BPSK, there are two branches for bit
interleaving to duplicate FEC coded bits in the real and
imaginary parts. Each coded block is written to the upper
branch first. The bits are mapped to the lower branch by
applying modulo N, addition with cyclic shifting value
floor(Nzz/2), where Nz~ is the length of each LDPC
coded block after shortening and puncturing.

In other modulation cases, such as QSPK, QAM-16 and
NUQ-64, FEC coded bits are written serially into the inter-
leaver column-wise, where the number of columns is the
same as the modulation order.

In the read operation, the bits for one constellation symbol
are read out sequentially row-wise and fed into the bit
demultiplexer block. These operations are continued until
the end of the column.

Each bit interleaved group is demultiplexed bit-by-bit in
a group before constellation mapping. Depending on modu-
lation order, there are two mapping rules. In the case of
BPSK and QPSK, the reliability of bits in a symbol is equal.
Therefore, the bit group read out from the bit interleaving
block is mapped to a QAM symbol without any operation.

In the cases of QAM-16 and NUQ-64 mapped to a QAM
symbol, the rule of operation is described in FIG. 23(a). As
shown in FIG. 23(a), i is bit group index corresponding to
column index in bit interleaving.

FIG. 21 shows the bit demultiplexing rule for QAM-16.
This operation continues until all bit groups are read from
the bit interleaving block.

FIG. 22 illustrates a configuration of a broadcast signal
reception apparatus for future broadcast services according
to an embodiment of the present invention.

The broadcast signal reception apparatus for future broad-
cast services according to the embodiment of the present
invention may correspond to the broadcast signal transmis-
sion apparatus for future broadcast services described with
reference to FIG. 18.

The broadcast signal reception apparatus for future broad-
cast services according to the embodiment of the present
invention may include a synchronization & demodulation
module 9000, a frame parsing module 9010, a demapping &
decoding module 9020, an output processor 9030 and a
signaling decoding module 9040. A description will be given
of operation of each module of the broadcast signal recep-
tion apparatus.

The synchronization & demodulation module 9000 may
receive input signals through m Rx antennas, perform signal
detection and synchronization with respect to a system
corresponding to the broadcast signal reception apparatus,
and carry out demodulation corresponding to a reverse
procedure of a procedure performed by the broadcast signal
transmission apparatus.

The frame parsing module 9010 may parse input signal
frames and extract data through which a service selected by
a user is transmitted. If the broadcast signal transmission
apparatus performs interleaving, the frame parsing module
9010 may carry out deinterleaving corresponding to a
reverse procedure of interleaving. In this case, positions of
a signal and data that need to be extracted may be obtained
by decoding data output from the signaling decoding module
9040 to restore scheduling information generated by the
broadcast signal transmission apparatus.

The demapping & decoding module 9020 may convert
input signals into bit domain data and then deinterleave the
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same as necessary. The demapping & decoding module 9020
may perform demapping of mapping applied for transmis-
sion efficiency and correct an error generated on a transmis-
sion channel through decoding. In this case, the demapping
& decoding module 9020 may obtain transmission param-
eters necessary for demapping and decoding by decoding
data output from the signaling decoding module 9040.

The output processor 9030 may perform reverse proce-
dures of various compression/signal processing procedures
which are applied by the broadcast signal transmission
apparatus to improve transmission efficiency. In this case,
the output processor 9030 may acquire necessary control
information from data output from the signaling decoding
module 9040. An output of the output processor 9030
corresponds to a signal input to the broadcast signal trans-
mission apparatus and may be MPEG-TSs, IP streams (v4 or
v6) and generic streams.

The signaling decoding module 9040 may obtain PLS
information from a signal demodulated by the synchroniza-
tion & demodulation module 9000. As described above, the
frame parsing module 9010, the demapping & decoding
module 9020 and the output processor 9030 may execute
functions thereof using data output from the signaling
decoding module 9040.

A frame according to an embodiment of the present
invention is further divided into a number of OFDM sym-
bols and a preamble. As shown in (d), the frame includes a
preamble, one or more frame signaling symbols (FSSs),
normal data symbols and a frame edge symbol (FES).

The preamble is a special symbol that enables fast future-
cast UTB system signal detection and provides a set of basic
transmission parameters for efficient transmission and
reception of a signal. Details of the preamble will be
described later.

A main purpose of the FSS is to carry PLS data. For fast
synchronization and channel estimation, and hence fast
decoding of PLS data, the FSS has a dense pilot pattern than
a normal data symbol. The FES has exactly the same pilots
as the FSS, which enables frequency-only interpolation
within the FES and temporal interpolation, without extrapo-
lation, for symbols immediately preceding the FES.

FIG. 23 illustrates a signaling hierarchy structure of a
frame according to an embodiment of the present invention.

FIG. 23 illustrates the signaling hierarchy structure, which
is split into three main parts corresponding to preamble
signaling data 11000, PL.S1 data 11010 and PLS2 data
11020. A purpose of a preamble, which is carried by a
preamble symbol in every frame, is to indicate a transmis-
sion type and basic transmission parameters of the frame.
PLS1 enables the receiver to access and decode the PLS2
data, which contains the parameters to access a DP of
interest. PL.S2 is carried in every frame and split into two
main parts corresponding to PLS2-STAT data and PLS2-
DYN data. Static and dynamic portions of PLS2 data are
followed by padding, if necessary.

Preamble signaling data according to an embodiment of
the present invention carries 21 bits of information that are
needed to enable the receiver to access PLS data and trace
DPs within the frame structure. Details of the preamble
signaling data are as follows.

FFT_SIZE: This 2-bit field indicates an FFT size of a
current frame within a frame group as described in the
following Table 1.
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TABLE 1
Value FFT size
00 8K FFT
01 16K FFT
10 32K FFT
11 Reserved

GI_FRACTION: This 3-bit field indicates a guard interval
fraction value in a current superframe as described in the
following Table 2.

TABLE 2

Value GI_FRACTION
000 1/5

001 1/10

010 1/20

011 1/40

100 1/80

101 1/160

110 to 111 Reserved

EAC_FLAG: This 1-bit field indicates whether the EAC
is provided in a current frame. If this field is set to ‘1°, an
emergency alert service (EAS) is provided in the current
frame. If this field set to ‘0’, the EAS is not carried in the
current frame. This field may be switched dynamically
within a superframe.

PILOT_MODE: This 1-bit field indicates whether a pilot
mode is a mobile mode or a fixed mode for a current frame
in a current frame group. If this field is set to ‘0°, the mobile
pilot mode is used. If the field is set to ‘1°, the fixed pilot
mode is used.

PAPR_FLAG: This 1-bit field indicates whether PAPR
reduction is used for a current frame in a current frame
group. If this field is set to a value of ‘1°, tone reservation
is used for PAPR reduction. If this field is set to a value of
‘0’, PAPR reduction is not used.

RESERVED: This 7-bit field is reserved for future use.

FIG. 24 illustrates PL.S1 data according to an embodiment
of the present invention.

PLS1 data provides basic transmission parameters includ-
ing parameters required to enable reception and decoding of
PLS2. As mentioned above, the PLS1 data remain
unchanged for the entire duration of one frame group. A
detailed definition of the signaling fields of the PLS1 data is
as follows.

PREAMBLE_DATA: This 20-bit field is a copy of pre-
amble signaling data excluding EAC_FLAG.

NUM_FRAME_FRU: This 2-bit field indicates the num-
ber of the frames per FRU.

PAYLOAD_TYPE: This 3-bit field indicates a format of
payload data carried in a frame group. PAYLOAD_TYPE is
signaled as shown in Table 3.

TABLE 3
Value Payload type
1XX TS is transmitted.
X1X IP stream is transmitted.
XX1 GS is transmitted.

NUM_FSS: This 2-bit field indicates the number of FSSs
in a current frame.

SYSTEM_VERSION: This 8-bit field indicates a version
of a transmitted signal format. SYSTEM_VERSION is
divided into two 4-bit fields: a major version and a minor
version.
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Major version: The MSB corresponding to four bits of the
SYSTEM_VERSION field indicates major version informa-
tion. A change in the major version field indicates a non-
backward-compatible change. A default value is ‘0000’. For
a version described in this standard, a value is set to ‘0000,

Minor version: The LSB corresponding to four bits of
SYSTEM_VERSION field indicates minor version informa-
tion. A change in the minor version field is backwards
compatible.

CELL_ID: This is a 16-bit field which uniquely identifies
a geographic cell in an ATSC network. An ATSC cell
coverage area may include one or more frequencies depend-
ing on the number of frequencies used per futurecast UTB
system. If a value of CELL_ID is not known or unspecified,
this field is set to ‘0’.

NETWORK_ID: This is a 16-bit field which uniquely
identifies a current ATSC network.

SYSTEM_ID: This 16-bit field uniquely identifies the
futurecast UTB system within the ATSC network. The
futurecast UTB system is a terrestrial broadcast system
whose input is one or more input streams (TS, IP, GS) and
whose output is an RF signal. The futurecast UTB system
carries one or more PHY profiles and FEF, if any. The same
futurecast UTB system may carry different input streams
and use different RFs in different geographical areas, allow-
ing local service insertion. The frame structure and sched-
uling are controlled in one place and are identical for all
transmissions within the futurecast UTB system. One or
more futurecast UTB systems may have the same SYS-
TEM_ID meaning that they all have the same physical layer
structure and configuration.

The following loop includes FRU_PHY_PROFILE,
FRU_FRAME_LENGTH, FRU_GI FRACTION, and
RESERVED which are used to indicate an FRU configura-
tion and a length of each frame type. A loop size is fixed so
that four PHY profiles (including an FEF) are signaled
within the FRU. If NUM_FRAME_FRU is less than 4,
unused fields are filled with zeros.

FRU_PHY_PROFILE: This 3-bit field indicates a PHY
profile type of an (i+1)” (i is a loop index) frame of an
associated FRU. This field uses the same signaling format as
shown in Table 8.

FRU_FRAME_LENGTH: This 2-bit field indicates a
length of an (i+1)” frame of an associated FRU. Using
FRU_FRAME_LENGTH together with FRU_GI_FRAC-
TION, an exact value of a frame duration may be obtained.

FRU_GI_FRACTION: This 3-bit field indicates a guard
interval fraction value of an (i+1)” frame of an associated
FRU. FRU_GI_FRACTION is signaled according to Table
7.

RESERVED: This 4-bit field is reserved for future use.

The following fields provide parameters for decoding the
PLS2 data.

PLS2_FEC_TYPE: This 2-bit field indicates an FEC type
used by PLS2 protection. The FEC type is signaled accord-
ing to Table 4. Details of LDPC codes will be described later.

TABLE 4
Content PLS2 FEC type
00 4K-1/4 and 7K-3/10 LDPC codes

01 to 11 Reserved

PLS2_MOD: This 3-bit field indicates a modulation type
used by PL.S2. The modulation type is signaled according to
Table 5.
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TABLE 5
Value PLS2_MODE
000 BPSK
001 QPSK
010 QAM-16
011 NUQ-64
100 to 111 Reserved
PLS2 SIZE CELL: This 15-bit field indicates
Crotat_partiar_ptocs @ Size (specified as the number of QAM

cells) of the collection of full coded blocks for PLS2 that is
carried in a current frame group. This value is constant
during the entire duration of the current frame group.

PLS2_STAT_SIZE_BIT: This 14-bit field indicates a size,
in bits, of PLS2-STAT for a current frame group. This value
is constant during the entire duration of the current frame
group.

PLS2_DYN_SIZE_BIT: This 14-bit field indicates a size,
in bits, of PLS2-DYN for a current frame group. This value
is constant during the entire duration of the current frame
group.

PLS2_REP_FLAG: This 1-bit flag indicates whether a
PLS2 repetition mode is used in a current frame group.
When this field is set to a value of ‘1°, the PL.S2 repetition
mode is activated. When this field is set to a value of ‘0, the
PLS2 repetition mode is deactivated.

PLS2 REP SIZE CELL: This 15-bit field indicates
Crotal parnat piocs @ Size (specified as the number of QAM
cells) of the collection of partial coded blocks for PL.S2
carried in every frame of a current frame group, when PL.S2
repetition is used. If repetition is not used, a value of this
field is equal to 0. This value is constant during the entire
duration of the current frame group.

PLS2 NEXT FEC_TYPE: This 2-bit field indicates an
FEC type used for PLS2 that is carried in every frame of a
next frame group. The FEC type is signaled according to
Table 10.

PLS2 NEXT_MOD: This 3-bit field indicates a modula-
tion type used for PLS2 that is carried in every frame of a
next frame group. The modulation type is signaled according
to Table 11.

PLS2_NEXT REP_FLLAG: This 1-bit flag indicates
whether the PLS2 repetition mode is used in a next frame
group. When this field is set to a value of ‘1°, the PL.S2
repetition mode is activated. When this field is set to a value
of ‘0’, the PLS2 repetition mode is deactivated.

PLS2 NEXT_REP_SIZE_CELL: This 15-bit field indi-
cates C,ors st procts @ Size (specified as the number of QAM
cells) of the collection of full coded blocks for PLS2 that is
carried in every frame of a next frame group, when PL.S2
repetition is used. If repetition is not used in the next frame
group, a value of this field is equal to 0. This value is
constant during the entire duration of a current frame group.

PLS2 NEXT_REP_STAT SIZE_BIT: This 14-bit field
indicates a size, in bits, of PLS2-STAT for a next frame
group. This value is constant in a current frame group.

PLS2 NEXT_REP_DYN_SIZE_BIT: This 14-bit field
indicates the size, in bits, of the PLS2-DYN for a next frame
group. This value is constant in a current frame group.

PLS2_AP_MODE: This 2-bit field indicates whether
additional parity is provided for PLS2 in a current frame
group. This value is constant during the entire duration of the
current frame group. Table 6 below provides values of this
field. When this field is set to a value of ‘00, additional
parity is not used for the PL.S2 in the current frame group.
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TABLE 6
Value PLS2-AP mode
00 AP is not provided
01 AP1 mode
10 to 11 Reserved

PLS2_AP SIZE_CELL: This 15-bit field indicates a size
(specified as the number of QAM cells) of additional parity
bits of PLS2. This value is constant during the entire
duration of a current frame group.

PLS2 NEXT AP MODE: This 2-bit field indicates
whether additional parity is provided for PL.S2 signaling in
every frame of a next frame group. This value is constant
during the entire duration of a current frame group. Table 12
defines values of this field.

PLS2_NEXT_AP_SIZE_CELL: This 15-bit field indi-
cates a size (specified as the number of QAM cells) of
additional parity bits of PL.S2 in every frame of a next frame
group. This value is constant during the entire duration of a
current frame group.

RESERVED: This 32-bit field is reserved for future use.

CRC_32: A 32-bit error detection code, which is applied
to all PLS1 signaling.

FIG. 25 illustrates PL.S2 data according to an embodiment
of the present invention.

FIG. 25 illustrates PLS2-STAT data of the PL.S2 data. The
PLS2-STAT data is the same within a frame group, while
PLS2-DYN data provides information that is specific for a
current frame.

Details of fields of the PLS2-STAT data are described
below.

FIC_FLAG: This 1-bit field indicates whether the FIC is
used in a current frame group. If this field is set to ‘1°, the
FIC is provided in the current frame. If this field set to 0’,
the FIC is not carried in the current frame. This value is
constant during the entire duration of a current frame group.

AUX_FLAG: This 1-bit field indicates whether an aux-
iliary stream is used in a current frame group. If this field is
set to ‘1°, the auxiliary stream is provided in a current frame.
If this field set to ‘0°, the auxiliary stream is not carried in
the current frame. This value is constant during the entire
duration of current frame group.

NUM_DP: This 6-bit field indicates the number of DPs
carried within a current frame. A value of this field ranges
from 1 to 64, and the number of DPs is NUM_DP+1.

DP_ID: This 6-bit field identifies uniquely a DP within a
PHY profile.

DP_TYPE: This 3-bit field indicates a type of a DP. This
is signaled according to the following Table 7.

TABLE 7
Value DP Type
000 DP Type 1
001 DP Type 2
010 to 111 Reserved

DP_GROUP_ID: This 8-bit field identifies a DP group
with which a current DP is associated. This may be used by
the receiver to access DPs of service components associated
with a particular service having the same DP_GROUP_ID.

BASE_DP_ID: This 6-bit field indicates a DP carrying
service signaling data (such as PSI/SI) used in a manage-
ment layer. The DP indicated by BASE_DP_ID may be
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either a normal DP carrying the service signaling data along
with service data or a dedicated DP carrying only the service
signaling data.

DP_FEC_TYPE: This 2-bit field indicates an FEC type
used by an associated DP. The FEC type is signaled accord-
ing to the following Table 8.

TABLE 8
Value FEC_TYPE
00 16K LDPC
01 64K LDPC
10 to 11 Reserved

DP_COD: This 4-bit field indicates a code rate used by an
associated DP. The code rate is signaled according to the
following Table 9.

TABLE 9
Value Code rate
0000 5/15
0001 6/15
0010 7/15
0011 8/15
0100 9/15
0101 10/15
0110 11/15
0111 12/15
1000 13/15
1001 to 1111 Reserved

DP_MOD: This 4-bit field indicates modulation used by
an associated DP. The modulation is signaled according to
the following Table 10.

TABLE 10
Value Modulation
0000 QPSK
0001 QAM-16
0010 NUQ-64
0011 NUQ-256
0100 NUQ-1024
0101 NUC-16
0110 NUC-64
0111 NUC-256
1000 NUC-1024
1001 to 1111 Reserved

DP_SSD_FLAG: This 1-bit field indicates whether an
SSD mode is used in an associated DP. If this field is set to
a value of “1’, SSD is used. If this field is set to a value of
‘0’, SSD is not used.

The following field appears only if PHY_PROFILE is
equal to ‘010°, which indicates the advanced profile:

DP_MIMO: This 3-bit field indicates which type of
MIMO encoding process is applied to an associated DP. A
type of MIMO encoding process is signaled according to the
following Table 11.

TABLE 11
Value MIMO encoding
000 FR-SM
001 FRFD-SM
010 to 111 Reserved
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DP_TI_TYPE: This 1-bit field indicates a type of time
interleaving. A value of ‘0’ indicates that one TI group
corresponds to one frame and contains one or more TI
blocks. A value of ‘1’ indicates that one TI group is carried
in more than one frame and contains only one TI block.

DP_TI_LENGTH: The use of this 2-bit field (allowed
values are only 1, 2, 4, and 8) is determined by values set
within the DP_TI_TYPE field as follows.

IfDP_TI_TYPE is set to a value of “1’, this field indicates
P;, the number of frames to which each TI group is mapped,
and one TI block is present per TI group (N,=1). Allowed
values of P, with the 2-bit field are defined in Table 12 below.

If DP_TI_TYPE is set to a value of ‘0’, this field indicates
the number of TI blocks N, per TI group, and one TI group
is present per frame (P,~=1). Allowed values of P, with the
2-bit field are defined in the following Table 12.

TABLE 12

2-bit field P, P
00 1 1
01 2 2
10 4 3
11 8 4

DP_FRAME_INTERVAL: This 2-bit field indicates a
frame interval (I ,,,,,) within a frame group for an associ-
ated DP and allowed values are 1, 2, 4, and 8 (the corre-
sponding 2-bit field is <00, ‘01°, <10’ or “11°, respectively).
For DPs that do not appear every frame of the frame group,
a value of this field is equal to an interval between succes-
sive frames. For example, if a DP appears on frames 1, 5, 9,
13, etc., this field is set to a value of ‘4’. For DPs that appear
in every frame, this field is set to a value of “1°.

DP_TI_BYPASS: This 1-bit field determines availability
of the time interleaver 5050. If time interleaving is not used
for a DP, a value of this field is set to “1°. If time interleaving
is used, the value is set to ‘0.

DP_FIRST FRAME IDX: This 5-bit field indicates an
index of a first frame of a superframe in which a current DP
occurs. A value of DP_FIRST_FRAME_IDX ranges from 0
to 31.

DP_NUM_BLOCK_MAX: This 10-bit field indicates a
maximum value of DP_NUM_BLOCKS for this DP. A
value of this field has the same range as DP_NUM_B-
LOCKS.

DP_PAYLOAD_TYPE: This 2-bit field indicates a type
of payload data carried by a given DP. DP_PAYLOAD_
TYPE is signaled according to the following Table 13.

TABLE 13
Value Payload type
00 TS
01 1P
10 GS
11 Reserved

DP_INBAND_MODE: This 2-bit field indicates whether
a current DP carries in-band signaling information. An
in-band signaling type is signaled according to the following
Table 14.

TABLE 14
Value In-band mode
00 In-band signaling is not carried.
5 01 INBAND-PLS is carried
10 INBAND-ISSY is carried
11 INBAND-PLS and INBAND-ISSY are carried

DP_PROTOCOL_TYPE: This 2-bit field indicates a pro-

0 tocol type of a payload carried by a given DP. The protocol

type is signaled according to Table 15 below when input
payload types are selected.

—

TABLE 15
15
If DP_ If DP_ If DP_
PAYLOAD_ PAYLOAD_ PAYLOAD_
Value TYPE is TS TYPE is IP TYPE is GS
00 MPEG2-TS IPv4 (Note)
20 01 Reserved IPv6 Reserved
10 Reserved Reserved Reserved
11 Reserved Reserved Reserved

DP_CRC_MODE: This 2-bit field indicates whether CRC
25 encoding is used in an input formatting block. A CRC mode
is signaled according to the following Table 16.

TABLE 16
30 Value CRC mode
00 Not used
01 CRC-8
10 CRC-16
11 CRC-32

35
DNP_MODE: This 2-bit field indicates a null-packet
deletion mode used by an associated DP when DP_PAY-
LOAD_TYPE is set to TS (‘00”). DNP_MODE is signaled
according to Table 17 below. If DP_PAYLOAD_TYPE is
40 not TS (‘00”), DNP_MODE is set to a value of ‘00°.

TABLE 17
Value Null-packet deletion mode
45 00 Not used
01 DNP-NORMAL
10 DNP-OFFSET
11 Reserved

50 ISSY_MODE: This 2-bit field indicates an ISSY mode
used by an associated DP when DP_PAYLOAD_TYPE is
setto TS (‘00”). ISSY_MODE is signaled according to Table
18 below. If DP_PAYLOAD_TYPE is not TS (‘00*), ISSY_
MODE is set to the value of <00°.

55
TABLE 18
Value ISSY mode
00 Not used
60 01 ISSY-UP
10 ISSY-BBF
11 Reserved

HC_MODE_TS: This 2-bit field indicates a TS header

65 compression mode used by an associated DP when DP_PAY-

LOAD_TYPE is set to TS (‘00%). HC_MODE_TS is sig-
naled according to the following Table 19.
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TABLE 19
Value Header compression mode
00 HC_MODE_TS 1

HC_MODE_TS 2
HC_MODE_TS 3
HC_MODE_TS 4

HC_MODE_IP: This 2-bit field indicates an IP header
compression mode when DP_PAYLOAD_TYPE is set to IP
(°01”). HC_MODE_IP is signaled according to the following
Table 20.

TABLE 20
Value Header compression mode
00 No compression
01 HC_MODE _IP 1

10 to 11 Reserved

PID: This 13-bit field indicates the PID number for TS
header compression when DP_PAYLOAD_TYPE is set to
TS (‘00’) and HC_MODE_TS is set to ‘01" or ‘10°.

RESERVED: This 8-bit field is reserved for future use.

The following fields appear only if FIC_FLAG is equal to
1.

FIC_VERSION: This 8-bit field indicates the version
number of the FIC.

FIC_LENGTH_BYTE: This 13-bit field indicates the
length, in bytes, of the FIC.

RESERVED: This 8-bit field is reserved for future use.

The following fields appear only if AUX_FLAG is equal
to ‘1°.

NUM_AUX: This 4-bit field indicates the number of
auxiliary streams. Zero means no auxiliary stream is used.

AUX_CONFIG_RFU: This 8-bit field is reserved for
future use.

AUX_STREAM_TYPE: This 4-bit is reserved for future
use for indicating a type of a current auxiliary stream.

AUX_PRIVATE_CONFIG: This 28-bit field is reserved
for future use for signaling auxiliary streams.

FIG. 26 illustrates PLS2 data according to another
embodiment of the present invention.

FIG. 26 illustrates PLS2-DYN data of the PLS2 data.
Values of the PLS2-DYN data may change during the
duration of one frame group while sizes of fields remain
constant.

Details of fields of the PLS2-DYN data are as below.

FRAME_INDEX: This 5-bit field indicates a frame index
of a current frame within a superframe. An index of a first
frame of the superframe is set to “0’.

PLS_CHANGE_COUNTER: This 4-bit field indicates
the number of superframes before a configuration changes.
A next superframe with changes in the configuration is
indicated by a value signaled within this field. If this field is
set to a value of ‘0000’, it means that no scheduled change
is foreseen. For example, a value of ‘1’ indicates that there
is a change in the next superframe.

FIC_CHANGE_COUNTER: This 4-bit field indicates the
number of superframes before a configuration (i.e., content
of the FIC) changes. A next superframe with changes in the
configuration is indicated by a value signaled within this
field. If this field is set to a value of ‘0000’, it means that no
scheduled change is foreseen. For example, a value of
‘0001” indicates that there is a change in the next super-
frame.
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RESERVED: This 16-bit field is reserved for future use.

The following fields appear in a loop over NUM_DP,
which describe parameters associated with a DP carried in a
current frame.

DP_ID: This 6-bit field uniquely indicates a DP within a
PHY profile.

DP_START: This 15-bit (or 13-bit) field indicates a start
position of the first of the DPs using a DPU addressing
scheme. The DP_START field has differing length according
to the PHY profile and FFT size as shown in the following
Table 21.

TABLE 21

DP START field size

PHY profile 64K 16K
Base 13 bits 15 bits
Handheld — 13 bits

Advanced 13 bits 15 its

DP_NUM_BLOCK: This 10-bit field indicates the num-
ber of FEC blocks in a current T1 group for a current DP. A
value of DP_NUM_BLOCK ranges from 0 to 1023.

RESERVED: This 8-bit field is reserved for future use.

The following fields indicate FIC parameters associated
with the EAC.

EAC_FLAG: This 1-bit field indicates the presence of the
EAC in a current frame. This bit is the same value as
EAC_FLAG in a preamble.

EAS_WAKE_UP_VERSION_NUM: This 8-bit field
indicates a version number of a wake-up indication.

If the EAC_FLAG field is equal to ‘1°, the following 12
bits are allocated to EAC_LENGTH_BYTE.

If the EAC_FLAG field is equal to ‘0’, the following 12
bits are allocated to EAC_COUNTER.

EAC_LENGTH_BYTE: This 12-bit field indicates a
length, in bytes, of the EAC.

EAC_COUNTER: This 12-bit field indicates the number
of frames before a frame where the EAC arrives.

The following fields appear only if the AUX_FLAG field
is equal to “1°.

AUX_PRIVATE_DYN: This 48-bit field is reserved for
future use for signaling auxiliary streams. A meaning of this
field depends on a value of AUX_STREAM_TYPE in a
configurable PL.S2-STAT.

CRC_32: A 32-bit error detection code, which is applied
to the entire PLS2.

FIG. 27 illustrates a logical structure of a frame according
to an embodiment of the present invention.

As above mentioned, the PLS, EAC, FIC, DPs, auxiliary
streams and dummy cells are mapped to the active carriers
of OFDM symbols in a frame. PLS1 and PLS2 are first
mapped to one or more FSSs. Thereafter, EAC cells, if any,
are mapped to an immediately following PLS field, followed
next by FIC cells, if any. The DPs are mapped next after the
PLS or after the EAC or the FIC, if any. Type 1 DPs are
mapped first and Type 2 DPs are mapped next. Details of
types of the DPs will be described later. In some cases, DPs
may carry some special data for EAS or service signaling
data. The auxiliary streams or streams, if any, follow the
DPs, which in turn are followed by dummy cells. When the
PLS, EAC, FIC, DPs, auxiliary streams and dummy data
cells are mapped all together in the above mentioned order,
i.e. the PLS, EAC, FIC, DPs, auxiliary streams and dummy
data cells, cell capacity in the frame is exactly filled.
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FIG. 28 illustrates PL.S mapping according to an embodi-
ment of the present invention.

PLS cells are mapped to active carriers of FSS(s).
Depending on the number of cells occupied by PLS, one or

more symbols are designated as FSS(s), and the number of 3

FSS(s) Ny is signaled by NUM_FSS in PLS1. The FSS is
a special symbol for carrying PLS cells. Since robustness
and latency are critical issues in the PLS, the FSS(s) have
higher pilot density, allowing fast synchronization and fre-
quency-only interpolation within the FSS.

PLS cells are mapped to active carriers of the FSS(s) in a
top-down manner as shown in the figure. PLS1 cells are
mapped first from a first cell of a first FSS in increasing order
of cell index. PLS2 cells follow immediately after a last cell
of PLS1 and mapping continues downward until a last cell
index of the first FSS. If the total number of required PLS
cells exceeds the number of active carriers of one FSS,
mapping proceeds to a next FSS and continues in exactly the
same manner as the first FSS.

After PLS mapping is completed, DPs are carried next. If
an EAC, an FIC or both are present in a current frame, the
EAC and the FIC are placed between the PLS and “normal”
DPs.

Hereinafter, description will be given of encoding an FEC
structure according to an embodiment of the present inven-
tion. As above mentioned, the data FEC encoder may
perform FEC encoding on an input BBF to generate an
FECBLOCK procedure using outer coding (BCH), and
inner coding (LDPC). The illustrated FEC structure corre-
sponds to the FECBLOCK. In addition, the FECBLOCK
and the FEC structure have same value corresponding to a
length of an LDPC codeword.

As described above, BCH encoding is applied to each
BBF (K,., bits), and then LDPC encoding is applied to
BCH-encoded BBF (K, bits=N,_,, bits).

A value of N, is either 64,800 bits (long FECBLOCK)
or 16,200 bits (short FECBLOCK).

Table 22 and Table 23 below show FEC encoding param-
eters for the long FECBLOCK and the short FECBLOCK,
respectively.

TABLE 22
BCH error
correction
LDPC rate N Kige Koon capability Noen-Koen
5/15 64800 21600 21408 12 192
6/15 25920 25728
7/15 30240 30048
8/15 34560 34368
9/15 38880 38688
10/15 43200 43008
11/15 47520 47328
12/15 51840 51648
13/15 56160 55968
TABLE 23
BCH error
correction
LDPC rate N Kige Koon capability Noen-Koen
5/15 16200 5400 5232 12 168
6/15 6480 6312
7/15 7560 7392
8/15 8640 8472
9/15 9720 9552
10/15 10800 10632
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TABLE 23-continued
BCH error
correction
LDPC rate Ny, Kige Koon capability NoernKoen
11/15 11880 11712
12/15 12960 12792
13/15 14040 13872

Detailed operations of BCH encoding and LDPC encod-
ing are as below.

A 12-error correcting BCH code is used for outer encod-
ing of the BBF. A BCH generator polynomial for the short
FECBLOCK and the long FECBLOCK are obtained by
multiplying all polynomials together.

LDPC code is used to encode an output of outer BCH
encoding. To generate a completed B,,,. (FECBLOCK),
P, ., (parity bits) is encoded systematically from each I,
(BCH—encoded BBF), and appended to I,,,.. The com-
pleted B,,,. (FECBLOCK) is expressed by the following
Equation.

Bldpc:[lldpcp ldpc]:[iox ipee,
ledpc*szpcfl]

Parameters for the long FECBLOCK and the short FEC-
BLOCK are given in the above Tables 22 and 23, respec-
tively.

A detailed procedure to calculate N,,,.~K,,,. parity bits
for the long FECBLOCK, is as follows.

1) Initialize the parity bits

PoP17P2™ - - TPNypp-Kigpe—1 ™Y [Equation 3]

2) Accumulate a first information bit-i,, at a parity bit
address specified in a first row of addresses of a parity check
matrix. Details of the addresses of the parity check matrix
will be described later. For example, for the rate of 13/15,

Pos3=Pos3Dio Pas15=P2s15Dio

Das377Pas37Dio Passo=PasssDio
Pe138=Pe138Dio Peass=PeassPio
Pe0217P6921Dio Pso7a=Peo74Pio
P15727P7572Pio Ps2so=Ps260Pio

Psass=PsassDio [Equation 3]

3) For the next 359 information bits, i, s=1, 2, .. ., 359,
accumulate i, at parity bit addresses using following Equa-
tion.

{x+(s mod 360)xQyy,.} mod(N;y,~Ks,.) [Equation 5]

Here, x denotes an address of a parity bit accumulator
corresponding to a first bit iy, and Q,,,. is a code rate
dependent constant specified in the addresses of the parity
check matrix. Continuing with the example, Q,,, =24 for the
rate of 13/15, so for an information bit i, the following
operations are performed.

P10077P 1007 D11 P2s30=P2s30Di )
Pase1=Pase1Di1 Pso13=psorsPiy
Pe1627Po162D1 Poag2=Peas2 Dl

Peoas=Pe9asDi| Peoas=PeoosDi
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P59 P 7956011 Ps2sa=PsasaDi

Pss20=Pss20Pi [Equation 6]

4) For a 361th information bit i54,, an address of the parity
bit accumulator is given in a second row of the addresses of
the parity check matrix. In a similar manner, addresses of the
parity bit accumulator for the following 359 information bits
i, =361, 362, . . ., 719 are obtained using Equation 6,
where x denotes an address of the parity bit accumulator
corresponding to the information bit i,,, i.., an entry in the
second row of the addresses of the parity check matrix.

5) In a similar manner, for every group of 360 new
information bits, a new row from the addresses of the parity
check matrix is used to find the address of the parity bit
accumulator.

After all of the information bits are exhausted, a final
parity bit is obtained as below.

6) Sequentially perform the following operations starting
with i=1.

27PfOp;iy, =12, . oo, NigpeKigpe—1 [Equation 7]

Here, final content of p, (i=0, 1, . . ., Ny, —K;p,~1) is
equal to a parity bit p,.

TABLE 24

Code rate Quipe
5/15 120
6/15 108
7/15 96
8/15 84
9/15 72
10/15 60
11/15 48
12/15 36
13/15 24

This LDPC encoding procedure for the short FEC-
BLOCK is in accordance with t LDPC encoding procedure
for the long FECBLOCK, except that Table 24 is replaced
with Table 25, and the addresses of the parity check matrix
for the long FECBLOCK are replaced with the addresses of
the parity check matrix for the short FECBLOCK.

TABLE 25
Code rate Quipe
5/15 30
6/15 27
7/15 24
8/15 21
9/15 18
10/15 15
11/15 12
12/15 9
13/15 6

FIG. 29 illustrates time interleaving according to an
embodiment of the present invention.

(a) to (c) show examples of a TI mode.

A time interleaver operates at the DP level. Parameters of
time interleaving (TI) may be set differently for each DP.

The following parameters, which appear in part of the
PLS2-STAT data, configure the TI.

DP_TI_TYPE (allowed values: O or 1): This parameter
represents the TI mode. The value of ‘0’ indicates a mode
with multiple TI blocks (more than one TI block) per TI
group. In this case, one TI group is directly mapped to one
frame (no inter-frame interleaving). The value of ‘1’ indi-
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cates a mode with only one TI block per T1 group. In this
case, the TI block may be spread over more than one frame
(inter-frame interleaving).

DP_TI_LENGTH: If DP_TI_TYPE="0’, this parameter is
the number of TI blocks N, per TI group. For
DP_TI_TYPE="1", this parameter is the number of frames
P, spread from one TI group.

DP_NUM_BLOCK_MAX (allowed values: 0 to 1023):
This parameter represents the maximum number of XFEC-
BLOCKSs per TI group.

DP_FRAME_INTERVAL (allowed values: 1, 2, 4, and
8): This parameter represents the number of the frames f,,,,,,,
between two successive frames carrying the same DP of a
given PHY profile.

DP_TI_BYPASS (allowed values: 0 or 1): If time inter-
leaving is not used for a DP, this parameter is set to “1°. This
parameter is set to ‘0’ if time interleaving is used.

Additionally, the parameter DP_NUM_BLOCK from the
PLS2-DYN data is used to represent the number of XFEC-
BLOCKs carried by one TI group of the DP.

When time interleaving is not used for a DP, the following
TI group, time interleaving operation, and TI mode are not
considered. However, the delay compensation block for the
dynamic configuration information from the scheduler may
still be required. In each DP, the XFECBLOCKSs received
from SSD/MIMO encoding are grouped into TI groups. That
is, each TI group is a set of an integer number of XFEC-
BLOCKs and contains a dynamically variable number of
XFECBLOCKSs. The number of XFECBLOCKSs in the TI
group of index n is denoted by N,z ocx Growp(n) and is
signaled as DP_NUM_BLOCK in the PLS2-DYN data.
Note that N,g; ocx Group(n) may vary from a minimum
value of 0 to a maximum value of N z;ocx Grow rax
(corresponding to DP_NUM_BLOCK_MAX), the largest
value of which is 1023.

Each TI group is either mapped directly to one frame or
spread over P; frames. Each TI group is also divided into
more than one TI block (N;), where each TI block corre-
sponds to one usage of a time interleaver memory. The TI
blocks within the TI group may contain slightly different
numbers of XFECBLOCKs. If the TI group is divided into
multiple TT blocks, the TI group is directly mapped to only
one frame. There are three options for time interleaving
(except an extra option of skipping time interleaving) as
shown in the following Table 26.

TABLE 26

Modes Descriptions

Each TI group contains one TI block and is mapped
directly to one frame as shown in (a). This option is
signaled in PLS2-STAT by DP_TI TYPE = ‘0’ and
DP_TI_LENGTH = ‘1’ (N =1).

Each TI group contains one TI block and is mapped
to more than one frame, (b) shows an example,
where one TI group is mapped to two frames,

i.e., DP_TI LENGTH = 2’ (P, = 2) and
DP_FRAME_INTERVAL (L4, = 2). This provides
greater time diversity for low data-rate services.
This option is signaled in PLS2-STAT

by DP_TI_TYPE = ‘1’

Each TI group is divided into multiple TI blocks
and is mapped directly to one frame as shown in (c).
Each TI block may use a full TI memory so as to
provide a maximum bit-rate for a DP. This option

is signaled in PLS2-STAT by DP_TI_TYPE = ‘0’
and DP_TI_LENGTH = Ny while P, = L.

Option 1

Option 2

Option 3
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Typically, the time interleaver may also function as a
buffer for DP data prior to a process of frame building. This
is achieved by means of two memory banks for each DP. A
first TT block is written to a first bank. A second TI block is
written to a second bank while the first bank is being read
from and so on.

The TI is a twisted row-column block interleaver. For an
s” TT block of an n™ TI group, the number of rows N, of a
TI memory is equal to the number of cells N_,. ie.,
N,=N_.;s while the number of columns N, is equal to the
number Nz, ocx 74(1,8).

FIG. 30 illustrates a basic operation of a twisted row-
column block interleaver according to an embodiment of the
present invention.

FIG. 30(a) shows a write operation in the time interleaver
and FIG. 30(b) shows a read operation in the time inter-
leaver. A first XFECBLOCK is written column-wise into a
first column of a TI memory, and a second XFECBLOCK is
written into a next column, and so on as shown in (a). Then,
in an interleaving array, cells are read diagonal-wise. During
diagonal-wise reading from a first row (rightwards along a
row beginning with a left-most column) to a last row, N,
cells are read out as shown in (b). In detail, assuming
z,,/1=0, ... N,N,) as a TI memory cell position to be read
sequentially, a reading process in such an interleaving array
is performed by calculating a row index R, a column

71,5,0

index C,, , ,;, and an associated twisting parameter T, ; as in
the following Equation.

GENERATE(R,;;, Cpsi) = [Equation 8]

{

Ry s = mod(i, Ny ),

Tsi = Mod(Sep X Ry s iy Ne)s

Crsi = mOd(Tnsi + {LJ, Nc)

5. i T
}

Here, s, is a common shift value for a diagonal-wise
reading process regardless of Nz, ocx 71, §), and the shift
value is determined by Nz ocx 77 max Ziven in PLS2-
STAT as in the following Equation.

, .
for { Nigrock mr_sax = Naprock_mr_sax + 1, if Neprock 1r_maxmod2 =0

S . ,
Nigrock 11 aax = Naprock 11 max> i Neprock mr_saxmod2 =1

1
NxBLOCIQ TI_MAX — 1

Sshift = 2

As a result, cell positions to be read are calculated by
coordinates z, , =N,C, +R,, .

FIG. 31 illustrates an operation of a twisted row-column
block interleaver according to another embodiment of the
present invention.

More specifically, FIG. 31 illustrates an interleaving array
in a TI memory for each TI group, including virtual XFEC-
BLOCKs when N_ g ocx 740, 0=3, N g, ocx (1, 0)=0,
and Nyg; ocx 742, 0)=5.

A variable number N, 5cx 74(0,5)=N, may be less than
or equal t0 N.g ocx 77 max- Lhus, in order to achieve
single-memory deinterleaving at a receiver side regardless
of N zrock 7(n.s), the interleaving array for use in the
twisted row-column block interleaver is set to a size of

0

5

20

25

35

40

55

60

65

66
NXN =Ny N prock_rrmax bY inserting the virtual
XFECBLOCKS into the TI memory and a reading process is
accomplished as in the following Equation.

[Equation 10]

p=0
for i =0:i < Ny N prock 77 maxii =1+ 1
{GENERATE (R, .C,, ; »;
V= Nrcn,s,/ + R,n,s,/
if V; < NeeusNesLock 7/(n.s)
{
Zysp=Vsp=p+1;

n.s.p

The number of TI groups is set to 3. An option of the time
interleaver is signaled in the PLS2-STAT data by
DP_TI_TYPE=‘0’, DP_FRAME_INTERVAL=‘1", and
DP_TI_LENGTH=1", i.e., NTI=1, JUMP=1, and PI=1.
The number of XFECBLOCKSs, each of which has
Necells=30 cells, per TI group is signaled in the PLS2-DYN
data by NxBLOCK_TI(0,0)=3, NxBLOCK_TI(1,0)=6, and
NxBLOCK_TI(2,0)=5, respectively. A maximum
number of XFECBLOCKSs is signaled in the PLS2-STAT
data by NxBLOCK_Group_MAX, which leads to
LNXBLOCK?Group?MA x/N T1J=NXBL0 CK?T[?MAX=6'

The purpose of the Frequency Interleaver, which operates
on data corresponding to a single OFDM symbol, is to
provide frequency diversity by randomly interleaving data
cells received from the frame builder. In order to get
maximum interleaving gain in a single frame, a different
interleaving-sequence is used for every OFDM symbol pair
comprised of two sequential OFDM symbols.

Therefore, the frequency interleaver according to the
present embodiment may include an interleaving address
generator for generating an interleaving address for applying
corresponding data to a symbol pair.

FIG. 32 illustrates an interleaving address generator
including a main pseudo-random binary sequence (PRBS)
generator and a sub-PRBS generator according to each FFT
mode according to an embodiment of the present invention.

(a) shows the block diagrams of the interleaving-address
generator for 8K FFT mode, (b) shows the block diagrams
of the interleaving-address generator for 16K FFT mode and

[Equation 9]

(c) shows the block diagrams of the interleaving-address
generator for 32K FFT mode.

The interleaving process for the OFDM symbol pair is
described as follows, exploiting a single interleaving-se-
quence. First, available data cells (the output cells from the
Cell Mapper) to be interleaved in one OFDM symbol O,,,
is defined as O, =[X,.000 - - - » Xongps + - - » Xmsv, 11 10T
1=0,...,N,,,~1. wherex,,,  is the p” cell of the I OFDM
symbol in the m™ frame and N, is the number of data
cells: N,,.,=Cpss for the frame signaling symbol(s),
N,22e=Cuase for the normal data, and N, =Cy.¢ for the
frame edge symbol. In addition, the interleaved data cells are

defined as P,,, )=[v,.105 - - - » Vi, —11 for1=0, ... N —1.
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For the OFDM symbol pair, the interleaved OFDM sym-
bol pair is given by v,,, ; 77,7, 1, D=0, . . ., Ny, ~1, for
the first OFDM symbol of each pair v, ;, =X, ;)
p=0, ..., N1, for the second OFDM symbol of each
pair, where H,(p) is the interleaving

address generated by a PRBS generator.

FIG. 33 illustrates a main PRBS used for all FFT modes
according to an embodiment of the present invention.

(a) illustrates the main PRBS, and (b) illustrates a param-
eter Nmax for each FFT mode.

FIG. 34 illustrates a sub-PRBS used for FFT modes and
an interleaving address for frequency interleaving according
to an embodiment of the present invention.

(a) illustrates a sub-PRBS generator, and (b) illustrates an
interleaving address for frequency interleaving. A cyclic
shift value according to an embodiment of the present
invention may be referred to as a symbol offset.

FIG. 35 illustrates a write operation of a time interleaver
according to an embodiment of the present invention.

FIG. 35 illustrates a write operation for two TI groups.

A left block in the figure illustrates a T] memory address
array, and right blocks in the figure illustrate a write opera-
tion when two virtual FEC blocks and one virtual FEC block
are inserted into heads of two contiguous T1 groups, respec-
tively.

Hereinafter, description will be given of a configuration of
a time interleaver and a time interleaving method using both
a convolutional interleaver (CI) and a block interleaver (BI)
or selectively using either the CI or the BI according to a
physical layer pipe (PLP) mode. A PLP according to an
embodiment of the present invention is a physical path
corresponding to the same concept as that of the above-
described DP, and a name of the PLP may be changed by a
designer.

A PLP mode according to an embodiment of the present
invention may include a single PLP mode or a multi-PLP
mode according to the number of PLPs processed by a
broadcast signal transmitter or a broadcast signal transmis-
sion apparatus. The single PL.P mode corresponds to a case
in which one PLP is processed by the broadcast signal
transmission apparatus. The single PLP mode may be
referred to as a single PLP.

The multi-PLP mode corresponds to a case in which one
or more PLPs are processed by the broadcast signal trans-
mission apparatus. The multi-PLP mode may be referred to
as multiple PLPs.

In the present invention, time interleaving in which dif-
ferent time interleaving schemes are applied according to
PLP modes may be referred to as hybrid time interleaving.
Hybrid time interleaving according to an embodiment of the
present invention is applied for each PLP (or at each PLP
level) in the multi-PLP mode.

FIG. 36 illustrates an interleaving type applied according
to the number of PLPs in a table.

In a time interleaving according to an embodiment of the
present invention, an interleaving type may be determined
based on a value of PLP_NUM. PLP_NUM is a signaling
field indicating a PLP mode. When PLP_NUM has a value
of 1, the PLP mode corresponds to a single PLP. The single
PLP according to the present embodiment may be applied
only to a CL.

When PLP_NUM has a value greater than 1, the PLP
mode corresponds to multiple PLPs. The multiple PLPs
according to the present embodiment may be applied to the
CI and a BI. In this case, the CI may perform inter-frame
interleaving, and the BI may perform intra-frame interleav-
ing.
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FIG. 37 is a block diagram including a first example of a
structure of a hybrid time interleaver described above.

The hybrid time interleaver according to the first example
may include a Bl and a CI. The time interleaver of the
present invention may be positioned between a BICM chain
block and a frame builder.

The BICM chain block illustrated in FIGS. 37 and 38 may
include the blocks in the processing block 5000 of the BICM
block illustrated in FIG. 19 except for the time interleaver
5050. The frame builder illustrated in FIGS. 37 and 38 may
perform the same function as that of the frame building
block 1020 of FIG. 18.

As described in the foregoing, it is possible to determine
whether to apply the BI according to the first example of the
structure of the hybrid time interleaver depending on values
of PLP_NUM. That is, when PLP_NUM-=1, the BI is not
applied (Bl is turned OFF) and only the CI is applied. When
PLP_NUM>1, both the BI and the CI may be applied (Bl is
turned ON). A structure and an operation of the CI applied
when PLP_NUM>1 may be the same as or similar to a
structure and an operation of the CI applied when PLP_
NUM=1.

FIG. 38 is a block diagram including a second example of
the structure of the hybrid time interleaver described above.

An operation of each block included in the second
example of the structure of the hybrid time interleaver is the
same as the above description in FIG. 20. It is possible to
determine whether to apply a BI according to the second
example of the structure of the hybrid time interleaver
depending on values of PLP_NUM. Each block of the
hybrid time interleaver according to the second example
may perform operations according to embodiments of the
present invention. In this instance, an applied structure and
operation of a CI may be different between a case of
PLP_NUM=1 and a case of PLP_NUM>1.

FIG. 39 is a block diagram including a first example of a
structure of a hybrid time deinterleaver.

The hybrid time deinterleaver according to the first
example may perform an operation corresponding to a
reverse operation of the hybrid time interleaver according to
the first example described above. Therefore, the hybrid
time deinterleaver according to the first example of FIG. 39
may include a convolutional deinterleaver (CDI) and a block
deinterleaver (BDI).

A structure and an operation of the CDI applied when
PLP_NUM>1 may be the same as or similar to a structure
and an operation of the CDI applied when PLP_NUM=1.

It is possible to determine whether to apply the BDI
according to the first example of the structure of the hybrid
time deinterleaver depending on values of PLP_NUM. That
is, when PLP_NUM=1, the BDI is not applied (BDI is
turned OFF) and only the CDI is applied.

The CDI of the hybrid time deinterleaver may perform
inter-frame deinterleaving, and the BDEI may perform intra-
frame deinterleaving. Details of inter-frame deinterleaving
and intra-frame deinterleaving are the same as the above
description.

A BICM decoding block illustrated in FIGS. 39 and 40
may perform a reverse operation of the BICM chain block
of FIGS. 37 and 38.

FIG. 40 is a block diagram including a second example of
the structure of the hybrid time deinterleaver.

The hybrid time deinterleaver according to the second
example may perform an operation corresponding to a
reverse operation of the hybrid time interleaver according to
the second example described above. An operation of each
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block included in the second example of the structure of the
hybrid time deinterleaver may be the same as the above
description in FIG. 39.

It is possible to determine whether to apply a BDI
according to the second example of the structure of the
hybrid time deinterleaver depending on values of PLP_
NUM. Each block of the hybrid time deinterleaver accord-
ing to the second example may perform operations accord-
ing to embodiments of the present invention. In this
instance, an applied structure and operation of a CDI may be
different between a case of PLP_NUM=1 and a case of
PLP_NUM>1.

FIG. 41 is a block diagram illustrating a configuration of
a broadcast system according to an embodiment of the
present invention.

The broadcast system according to an embodiment of the
present invention may provide normal broadcast network
services, mobile broadcast network services and/or hybrid
services.

Normal broadcast network services (ATSC services or
DVB services) may use full MPD and/or an ATSC SDP. The
normal broadcast network services do not use eMBMS
MPD, AppSve MPD and/or 3GPP SDP. The normal broad-
cast network services (ATSC services or DVB services) may
describe and locate all components (ATSC components
and/or DVB components) thereof.

Mobile broadcast network services (LTE broadcast ser-
vices) may use eMBMS MPD (or AppSve MPD) and/or
3GPP SDP. The mobile broadcast network services do not
use full MPD and/or ATSC SDP. The mobile broadcast
network services may describe and locate all components of
3GPP services.

Hybrid services (hybrid ATSC/3GPP services) may use
full MPD, ATSC SDP and/or 3GPP SDP. The hybrid services
may describe and locate all components (ATSC components,
DVB components and 3GPP components) of normal broad-
cast network services (ATSC services or DBV services)
and/or 3GPP services.

The following description is based on the hybrid services.

In addition, the following description is based on audio/
video services according to an embodiment of the present
invention. However, an ESG service may be designated by
“ESG” service category. In addition, NTP time may be
indicated in a “well-known” address present in at least one
data pipe (or PLP). An embodiment of the present invention
can include App enhancement signaling and/or EAS signal-
ing.

A service according to an embodiment of the present
invention may include at least one ROUTE session. The
service may be transmitted through a transport path other
than the ROUTE session. If a single service includes a single
component of a single ROUTE session, the service can
include all components of the ROUTE session.

The broadcast system according to the present embodi-
ment of the present invention may include a content provider
C410100, a broadcast transmission apparatus C410200, a
second broadcast transmission apparatus C410300 and/or a
broadcast reception apparatus C410500.

The content provider C410100 may provide services (or
media content) to the broadcast transmission apparatus
(410200 and/or the second broadcast transmission appara-
tus C410300.

The broadcast transmission apparatus C410200 may
transmit a broadcast signal including a service using a
normal broadcast network and/or the Internet. The service
may include service data and/or signaling data. The broad-
cast transmission apparatus C410200 may include a first
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broadcast transmission apparatus C410210 using normal
broadcast networks and/or a content service C410230 using
the Internet. However, the first broadcast transmission appa-
ratus C410210 and/or the content service C410230 may be
included in the single broadcast transmission apparatus
C410200 or may be separate apparatuses provided by sepa-
rate users.

The first broadcast transmission apparatus C410210 may
transmit a broadcast signal including a service using a
normal broadcast network. The normal broadcast network
may be referred to as an ATSC broadcast network and/or a
DVB broadcast network. The normal broadcast network
may include at least one of a satellite broadcast network, a
terrestrial broadcast network and a cable broadcast network.
The first broadcast transmission apparatus C410210 may
include a controller (not shown) and/or a transmitter (not
shown). The controller may generate service data and sig-
naling data for a service. The transmitter may transmit a
broadcast signal including the service data and/or the sig-
naling data using at least one of normal broadcast networks.

The content server C410230 may transmit a service over
the Internet at the request of the broadcast reception appa-
ratus C410500.

The second broadcast transmission apparatus C410300
may transmit a broadcast signal including a service using a
mobile broadcast network. The mobile broadcast network
may be referred to as an LTE broadcast network, an LTE
network or a mobile network, and the second broadcast
transmission apparatus C410300 may deliver a service to a
plurality of broadcast reception apparatuses C410500 using
the mobile broadcast network. However, the second broad-
cast transmission apparatus C410300 may be provided sepa-
rately from the broadcast transmission apparatus C410200
or included in the broadcast transmission apparatus
C410200.

The broadcast reception apparatus C410500 may include
a broadcast receiver C410510, an IP transceiver C410530
and/or a controller C410550. The broadcast reception appa-
ratus C410500 may control the broadcast receiver C410510
and/or the IP transceiver C410530 using the controller
C410550. The broadcast reception apparatus C410500 may
receive a broadcast signal including a service through a
mobile broadcast network and/or a normal broadcast net-
work using the broadcast receiver C410510. Here, the
broadcast signal may be transmitted using at least one of the
mobile broadcast network and the normal broadcast net-
work. Accordingly, the broadcast reception apparatus
C410510 may include a mobile receiver for receiving broad-
cast signals, a satellite tuner, a terrestrial tuner and/or a cable
tuner. The broadcast reception apparatus C410500 may
request the content server C410230 to provide a service
through the Internet using the IP transceiver C410530. The
broadcast reception apparatus C410500 may receive a ser-
vice from the content server over the Internet using the IP
transceiver C410530.

FIG. 42 illustrates a configuration of signaling data
according to a first embodiment of the present invention.

The signaling data according to the first embodiment of
the present invention may include low level signaling data
and/or service layer signaling data. The signaling data
according to the first embodiment of the present invention is
applicable even to a mobile environment.

According to the first embodiment of the present inven-
tion, SSC bootstrapping information may be transmitted
through the low level signaling data. Signaling data associ-
ated with a service may be transmitted through USD and/or
an SMT of the service layer signaling data.
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According to the first embodiment of the present inven-
tion, since 3GPP signaling data is used as signaling data with
respect to services transmitted over mobile broadcast net-
works (or LTE broadcast networks) and the Internet, the
signaling data with respect to the services can maintain
backward compatibility with mobile environments. In addi-
tion, signaling data with respect to services provided
through normal broadcast networks (ATSC broadcast net-
works or DVB broadcast networks) can include an SMT, a
CMT, full MPD and/or an ATSC SDP.

According to the first embodiment of the present inven-
tion, the signaling data includes signaling data with respect
to 3GPP and extends signaling data associated with normal
broadcast services (ATSC broadcast services or DVB broad-
cast services) which cannot be provided by 3GPP. In addi-
tion, the signaling data with respect to 3GPP can maintain
backward compatibility in a mobile environment.

FIG. 42(a) shows low level signaling data according to
the first embodiment of the present invention.

The low level signaling data is signaling information
supporting bootstrapping of fast channel scan and service
acquisition by a receiver. Bootstrapping of service acquisi-
tion may refer to a procedure for acquiring a service.
Accordingly, information for bootstrapping may include
path information for service acquisition. For example, the
low level signaling data can include a fast information
channel (FIC) and/or rating region description (RRD).

The FIC may be referred to as a service list table (SLT).
The SLT can be used to form a basic service list and can
provide bootstrap discovery of service layer signaling data.
The SLT can include minimum information about a service.
For example, the SLT can include service identifier infor-
mation for identifying a service within the range of a specific
broadcast area, service category information for indicating a
service category and/or service name information for indi-
cating a service name. For example, a service category can
include at least one of a linear A/V service, a linear audio
only service, an App-based service, an electronic service
guide (ESG) service and an emergency alert service (EAS).

In addition, the SLT may include service layer signaling
(SLS) bootstrapping information.

The SLS bootstrapping information may include service
signaling channel (SSC) bootstrapping information for at
least one service.

For example, an SSC can be a channel through which SLS
and/or service layer signaling data are transmitted. The SSC
bootstrapping information may include information for
broadcast signaling. SSC bootstrapping may refer to a
procedure for acquiring an SSC (or service layer signaling
data). Accordingly, the SSC bootstrapping information may
include path information for acquiring the service layer
signaling data.

The SSC bootstrapping information may include an
slsPlpld attribute which specifies the identifier (PLP ID) of
a physical layer pipe through which broadcast SLS (service
layer signaling) data for a service is transmitted, an slsDes-
tinationlpAddress attribute which specifies the dotted-1Pv4
destination address of packets carrying the broadcast SLS
data for the service, an slsDestinationUdpPort attribute
which specifies the port number of the packets carrying the
broadcast SLS data for the service and/or an slsSourcelpAd-
dress attribute which specifies the dotted-IPv4 source
address of the packets carrying the broadcast SLS data for
the service.

The SLS bootstrapping information may include URL
information for accessing Internet signaling for at least one
service.
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For example, the URL information can include a URL
signaling table (UST) which indicates transport path infor-
mation (or URL) of at least one signaling table. The UST
may be included not only in service layer signaling data but
also in low level signaling data. For example, when at least
one signaling table can be used through broadband, the UST
can include URLs for MPD, a CMT and/or an application
signaling table (AST). The UST may include values referred
to as an sltInetUrl element and/or an svclnetUrl element.
The sltInetUrl element can indicate a URL for acquiring
service level (or layer) signaling files for all services in the
SLT, which can be used through a broadband network (or the
Internet). The svclnetUrl element can indicate a URL for
acquiring service level (or layer) signaling files for a specific
service, which can be used through the broadband network
(or the Internet).

The RRD may be referred to as a rating region table
(RRT). The RRT may include rating system information
about a specific area.

FIG. 42(b) shows service layer signaling data according
to the first embodiment of the present invention.

The service layer signaling data may include information
for discovery and/or acquisition of a service and/or at least
one content component included in the service. For example,
the service layer signaling data can include user service
description (USD), AppSve MPD, eMBMS MPD and/or
3GPP SDP. In addition, the service layer signaling data may
include a service map table (SMT), a component map table
(CMT), a URL signaling table (UST), rating region descrip-
tion (RRD), full MPD, an ATSC SDP and/or LSID. The
USD, AppSve MPD, eMBMS MPD and/or 3GPP SDP may
be signaling data for mobile broadcast networks. The SMT,
CMT, UST, RRD, full MPD, ATSC SDP and/or LSID may
be signaling data for normal broadcast networks. For
example, the SMT can be referred to as user service bundle
description/user service description (USBD/USD). The
USBD/USD is a kind of a service layer signaling (SLS)
XML fragment serving as a signaling hub which describes
details of technical information for services. In addition, the
CMT, UST, RRD, ATSC SDP and/or LSID may be referred
to as service-based transport session instance description
(S-TSID). The S-TSID is a kind of an SLS XML fragment
which provides session description information for at least
one transport session through which at least one content
component of a service is transmitted.

The USD may be multimedia broadcast/multicast service
(MBMS) user service description of 3rd generation partner-
ship project (3GPP). The USD may include transport path
information for AppSve MPD, eMBMS MPD and/or 3GPP
SDP.

The AppSve MPD may be dynamic adaptive streaming
over HTTP (DASH) MPD for at least one 3GPP broadcast
& unicast component.

The eMBMS MPD may be DASH MPD for at least one
component transmitted through an evolved multimedia
broadcast multicast system (eMBMS) bearer.

The 3GPP SDP may be an IETF session description
protocol (SDP) for at least one eMBMS FLUTE session.

The SMT may include path information for acquiring
attribute (ID, name, category, etc.) information of a service
and the service. For example, the SMT can include transport
path information for the full MPD and/or the ATSC SDP.
The SMT may be ATSC extensions. In addition, the SMT
may be replaced by SPD and/or service configuration
description (SCD). The SCD may include a large amount of
additional signaling information which is not included in the
FIC. The SMT may be referred to as USBD/USD. The
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USBD/USD is a kind of an SL.S XML fragment serving as
a signaling hub which describes details of technical infor-
mation for services.

The CMT may include information related to a compo-
nent, such as component information (associated DASH
representation information) for a service and a path through
which the component can be acquired. For example, the
CMT can include the identifier (DP ID or PLP ID) of a
physical layer pipe through which component data for a
service is transmitted.

The UST may include transport path information (or
URL) of at least one signaling table. For example, when the
at least one signaling table can be used through a broadband
network, the UST can include URLs for MPD, CMT and/or
application signaling table (AST).

The RRD may include rating system information about a
specific area.

The full MPD may include DASH MPD with respect to
all components of a service. For example, the full MPD can
include DASH MPD with respect to all components trans-
mitted through mobile broadcast networks, normal broad-
cast networks and/or the Internet. The DASH MPD may
include formalized description of DASH media presenta-
tion. The DASH MPD may include resource identifiers for
individual media components of linear/streaming services.
In addition, the DASH MPD may include context of
resources specified in media presentation. For example, a
resource identifier can be information for identifying repre-
sentation associated with a component for a service. For
example, the resource identifier can have the form of a
segment URL.

The ATSC SDP may include at least one ROUTE session
element which provides information about at least one
real-time object delivery over unidirectional transport
(ROUTE) for a service and/or components included in the
service. The ATSC SDP may be an IETF SDP for at least one
ROUTE session. A ROUTE session element may include
transport path information for a ROUTE session. For
example, the ROUTE session element can include a bsid
attribute which specifies the identifier of a broadcast stream
through which a content component of a service is trans-
mitted, an sIpAddr attribute which specifies the source IP
address of the ROUTE session, a dIpAddr attribute which
specifies the destination IP address of the ROUTE session,
a dport attribute which specifies the destination port number
of the ROUTE session and/or a PLPID attribute which
specifies a physical layer parameter for the ROUTE session.
The bsid attribute, sIPAddr attribute, dIpAddr attribute,
dport attribute and/or PLPID attribute may be used as
information on a path through which LSID is transmitted.
The ATSC SDP may be included in S-TSID. The S-TSID is
a kind of SLS XML fragment which provides session
description information for at least one transport session
through which at least one content component of a service
is transmitted.

LCT session ID description (LSID) may include infor-
mation for specifying a transport session through which a
component of a service is transmitted. The LSID may be
included in each ROUTE session. The LSID may be trans-
mitted through a specific transport session in a ROUTE
session. In addition, the LSID may include information
about a layered coding transport (LCT) session included in
a ROUTE session. For example, the LSID can include a tsi
attribute which specifies a transport session through which a
content component for a service is transmitted and/or a
PLPID attribute which specifies the identifier of a physical
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layer pipe associated with the transport session through
which the content component for the service is transmitted.

A broadcast reception apparatus according to an embodi-
ment of the present invention can acquire a service on the
basis of signaling data. Specifically, the broadcast reception
apparatus can acquire low level signaling data and obtain
service layer signaling data on the basis of the low level
signaling data. Then, the broadcast reception apparatus can
determine properties of a service using service layer signal-
ing data (USD and/or SMT). Subsequently, the broadcast
reception apparatus can select at least one component for the
service using service layer signaling data (MPD). For
example, the broadcast reception apparatus can select at
least one component for the service using at least one
representation ID of the MPD. Then, the broadcast reception
apparatus can acquire information on a transport path
through which the selected at least one component is trans-
mitted using service layer signaling data (SDP, LSID and/or
CMT).

FIG. 43 illustrates a service according to the first embodi-
ment of the present invention.

FIG. 43(a) shows signaling data according to the first
embodiment of the present invention. The signaling data
may be transmitted by the first broadcast transmission
apparatus. However, the present invention is not limited
thereto and the signaling data may be transmitted by the
second broadcast transmission apparatus and/or the content
server.

The signaling data may include low level signaling data
and/or service layer signaling data.

The low level signaling data may include information for
bootstrap discovery of the service layer signaling data.

The service layer signaling data may include USD,
AppSve MPD, eMBMS MPD and/or 3GPP SDP. The USD,
AppSve MPD, eMBMS MPD and/or 3GPP SDP may be
signaling data for mobile broadcast networks only.

The USD may include transport path information for the
AppSve MPD, eMBMS MPD and/or 3GPP SDP. In addi-
tion, the USD may include a deliveryMethod element which
indicates a container of transport related information asso-
ciated with service content transmitted through a broadcast
access mode and/or a broadband access mode. The deliv-
eryMethod element may include a broadcastAppService
element and/or a unicastAppService element.

The broadcastAppService element may indicate DASH
representation including media components corresponding
to a service, which are transmitted through a mobile broad-
cast network, over all periods of affiliated media presenta-
tion. A basePattern element included in the broadcastApp-
Service element may refer to segment URL information
mapped to each component in MPD. For example, the
broadcastAppService element can indicate “UHD video
component” and the basePattern element can indicate
“basePattern1”.

The unicastAppService element may indicate DASH rep-
resentation including configuration media content compo-
nents belonging to the service, which are transmitted
through a broadband network (Internet) over all periods of
affiliated media presentation. The basePattern element
included in the broadcastAppService element may refer to
segment URL information mapped to each component in
MPD. For example, the unicastAppService element can
indicate a second audio component and the basePattern
element can indicate “basePatternd”.

The AppSve MPD may include information about the
second audio component having segment URL information
of “basePattern4”.
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The eMBMS MPD may include information about a UHD
video component having segment URL information of
“basePattern1”.

The service layer signaling data may include an SMT, a
CMT, full MPD, an ATSC SDP and/or LSID. The SMT,
CMT, full MPD, ATSC SDP and/or LSID may be signaling
data for normal broadcast networks.

The SMT may include transport path information for the
full MPD and/or the ATSC SDP. The SMT may include
information about an HD video component and information
about a first audio component.

The ATSC SDP may include information about at least
one ROUTE session for a service and/or components
included in the service.

The full MPD may include information about the UHD
video component having segment URL information of
“basePatternl”. In addition, the full MPD may include
information about the HD video component having repre-
sentation 1D information of “rep_id2”. Furthermore, the full
MPD may include information about the first audio com-
ponent having representation ID information of “rep_id3”.
The full MPD may include information about the second
audio component having segment URL information of
“basePatternd”.

The CMT may include a BroadcastComp element includ-
ing mapping information of components transmitted through
a normal broadcast network and/or a broadbandComp ele-
ment including mapping information of components trans-
mitted over the Internet. For example, the BroadcastComp
element can include a first BroadcastComp element includ-
ing mapping information of the HD video component trans-
mitted through the normal broadcast network and/or a
second BroadcsatComp element including mapping infor-
mation of the first audio component transmitted through the
normal broadcast network. Each of the first BroadcastComp
element and the second BroadcastComp element may
include a Rep_ID attribute which indicates a DASH repre-
sentation identifier associated with the corresponding com-
ponent and/or a DP_ID attribute which indicates the iden-
tifier of a data pipe (DP) (or PLP) through which the
corresponding component data is transmitted in a broadcast
stream. The Rep_ID attribute of the first BroadcastComp can
indicate “rep_id2” and the DP_ID attribute of the first
BroadcastComp can indicate can indicate “DP_id2”. The
Rep_ID attribute of the second BroadcastComp can indicate
“rep_id3” and the DP_ID attribute of the second Broadcast-
Comp can indicate “DP_id3”.

The BroadbandComp element may include a reptnlD
attribute which indicates a DASH representation identifier
associated with the corresponding component and/or a
baseURL attribute which indicates a base URL of segments
constituting DASH representation associated with the cor-
responding component. The baseURL attribute of the Broad-
bandComp element may indicate “basePatternd”. That is,
transport path information of the second audio component
transmitted over the Internet can be “basePattern4”.

The LSID can be acquired on the basis of information
about ROUTE sessions.

Details of the signaling data correspond to the contents of
the aforementioned signaling data.

Referring to FIG. 43(b), a broadcast transmission appa-
ratus (broadcaster) C430200 according to the first embodi-
ment of the present invention can transmit service data
and/or signaling data for a service using a normal broadcast
network and/or the Internet. For example, the broadcaster
C430200 can transmit service data and/or signaling data for
a service through a normal broadcast network using a first
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broadcast transmission apparatus (not shown). The broad-
caster C430200 can transmit service data and/or signaling
data for a service over the Internet using a content server
(not shown). A second broadcast transmission apparatus
(mobile carrier) C430300 can transmit service data and/or
signaling data for a service using a mobile broadcast net-
work (e.g. LTE broadcast).

The first broadcast transmission apparatus may transmit a
video component and a first audio component of a base layer
for a service using a normal broadcast network. For
example, the video component of the base layer can be an
HD video component. The HD video component can be
matched to “Rep_id2” of MPD and the first audio compo-
nent can be matched to “Rep_id3” of MPD. In addition, the
HD video component and/or the first audio component can
be transmitted through a predetermined data pipe (DP)
and/or a physical layer pipe (PLP). For example, the pre-
determined DP has an identifier of “DP_id3”.

The content server may transmit a second audio compo-
nent for the service using the Internet. For example, infor-
mation on the path through which the second audio com-
ponent is transmitted can be “basePattern4”.

The second broadcast transmission apparatus C430300
may transmit a video component of an enhanced layer for
the service using a mobile broadcast network (LTE broad-
cast). For example, the video component of the enhanced
layer can be a UHD video component. The video component
of the enhanced layer may be additional information for
generating UHD video. In addition, information on the path
through which the UHD video component is transmitted can
be “basePatternl”.

A broadcast reception apparatus C430500 according to
the first embodiment of the present invention may receive
service data and/or signaling data for services. The broadcast
reception apparatus C430500 can receive the HD video
component and/or the first audio component from the broad-
cast transmission apparatus C430200 using a broadcast
receiver. The broadcast reception apparatus C430500 can
receive the second audio component from the broadcast
transmission apparatus C430200 using an IP transceiver.
The broadcast reception apparatus C430500 can receive the
UHD video component from the second broadcast transmis-
sion apparatus C430300 using the broadcast receiver. The
broadcast reception apparatus C430500 can acquire the HD
video component, the first audio component, the second
audio component and/or the UHD video component on the
basis of the capability and environment thereof and decode
and/or reproduce the acquired data.

FIG. 44 shows an SMT according to the first embodiment
of the present invention.

The signaling data according to the first embodiment of
the present invention may include low level signaling data
and/or service layer signaling data. The service layer sig-
naling data may include a service map table (SMT).

The SMT may include properties of a service and infor-
mation on a path through which the service can be acquired.
The SMT may be referred to as USBD/USD. The USBD/
USD is a kind of a service layer signaling (SLS) XML
fragment serving as a signaling hub which describes details
of technical information for services.

The SMT may include a protocol_version attribute, a
service_id attribute, a global_service_id attribute, a Full_
MPD_URL attribute, an ATSC_SDP_URL attribute, a Capa-
bilities attribute, a Targeting_info attribute, a Content_ad-
visory attribute, a Program_title attribute, a Content_label
attribute and/or an Original service id attribute.
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The protocol_version attribute may indicate the protocol
version of an SSC (service signaling channel or service layer
signaling data). For example, the protocol_version attribute
can include a major_protocol_version attribute which indi-
cates the major version number of a protocol used to
transmit an SSC (service signaling channel, S-TSID and/or
service layer signaling data) for a service and/or a minor_
protocol_version attribute which indicates the minor version
number of the protocol.

The service_id attribute is a unique identifier for identi-
fying a service. The service_id attribute may refer to a
service entry corresponding to low level signaling data
(LLS, FIC or SLT). The service_id attribute may have the
same value as a service identifier (servicelD) allocated to the
service entry corresponding to the low level signaling data
(LLS, FIC or SLT).

The global_service_id attribute is a globally unique iden-
tifier used for service mapping between 3GPP USD and an
ESG. The global_service_id attribute may have the same
value as the service identifier (service_id) of the 3GPP USD
and the service identifier (service_id) of the ESG. The
global_service_id attribute is a globally unique uniform
resource identifier (URI) for identifying a service. The
global_service_id attribute is a unique value within the
range of broadcast stream identifiers (BSID). In addition, the
global_service_id attribute may be used to access ESG data.

The Full MPD_URL attribute indicates information
(URL information or URI information) referring to MPD
including information about all content components of a
service transmitted through at least one of a mobile broad-
cast network (LTE broadcast), the Internet (unicast) and a
normal broadcast network (ATSC broadcast or DVB broad-
cast).

The ATSC_SDP_URL attribute refers to information
(URL information nor URI information) indicating an SDP
including information about a ROUTE session through
which a service (ATSC service or a DVB service) is trans-
mitted. The ATSC_SDP_URL attribute is information (URL
information or URI information) which refers to S-TSID (or
ATSC_SDP) which provides access related parameters with
respect to transport sessions through which service content
is delivered.

The Capabilities attribute refers to a descriptor which
describes capability that a receiver needs to have in order to
provide services. The Capabilities attribute may specify
capabilities and/or capability groups necessary for the
receiver to achieve meaningful reproduction of content of
services.

The Targeting_info attribute may indicate a target device
to which a service will be provided.

The Content_advisory attribute may refer to information
about content advisory related to a provided service. The
Content_advisory attribute may specify content advisory
rating with respect to the provided service.

The Program_title attribute may refer to information
about the title of a service. The Program_title attribute may
indicate the name of a service in a specific language.

The Content_label attribute may refer to a content label of
a service. The Content_label attribute may indicate the name
of a component.

The Original service id attribute may refer to an ID
assigned to the original service of a corresponding service.

FIG. 45 illustrates a configuration of signaling data
according to a second embodiment of the present invention.

The signaling data according to the second embodiment
may include low level signaling data and/or service layer
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signaling data. The signaling data according to the second
embodiment of the present invention is applicable even to a
mobile environment.

According to the second embodiment of the present
invention, SSC bootstrapping information may be transmit-
ted through the low level signaling data. Signaling data
associated with a service and/or signaling data associated
with a component can be transmitted through USD of the
service layer signaling data.

The second embodiment of the present invention can
provide a service signaling method for services transmitted
through mobile broadcast networks (LTE broadcast), the
Internet (unicast) and/or normal broadcast networks (ATSC
broadcast or DVB broadcast) by extending 3GPP USD.

The second embodiment of the present invention provides
a service signaling method without using a CMT which
provides component location information from among
ATSC signaling tables, by adding the ID (DP_ID or
PLP_ID) of a data pipe (physical layer pipe) through which
a component is delivered to an atscAppService element
included in a USBD/USD/Delivery method.

The SSC bootstrapping information is transmitted
through an FIC, and an SSC delivered through the SSC
bootstrapping information includes USD.

A description will be given of USD extension according
to the second embodiment of the present invention.

FIG. 45(a) illustrates the low level signaling data accord-
ing to the second embodiment of the present invention.

The low level signaling data is signaling information
supporting bootstrapping of fast channel scan and service
acquisition by a receiver. For example, the low level sig-
naling data can include a fast information channel (FIC)
and/or rating region description (RRD).

The contents of the low level signaling data according to
the second embodiment of the present invention can include
the contents of the aforementioned low level signaling data.

FIG. 45(b) illustrates the service layer signaling data
according to the second embodiment of the present inven-
tion.

The contents of the low level signaling data according to
the second embodiment of the present invention can include
the contents of the aforementioned low level signaling data.
The following description is based on a difference between
the low level signaling data according to the second embodi-
ment of the present invention and the aforementioned low
level signaling data.

The service layer signaling data may include user service
description (USD), AppSve MPD, eMBMS MPD and/or
3GPP SDP. In addition, the service layer signaling data may
include full MPD, ATSC SDP and/or LSID. The AppSvc
MPD, eMBMS MPD and/or 3GPP SDP may be signaling
data for mobile broadcast networks. The USD, full MPD,
ATSC SDP and/or LSID may be signaling data for normal
broadcast networks.

The USBD/USD is a kind of a service layer signaling
(SLS) XML fragment serving as a signaling hub which
describes details of technical information for services.

The USD may include transport path information for the
AppSve MPD, eMBMS MPD and/or 3GPP SDP.

In addition, the USD may include a deliveryMethod
element and/or an atscServiceDescription element.

The deliveryMethod element may include a broadca-
stAppService element for mobile broadcast networks, a
unicastAppService element for the Internet and/or an ats-
cAppService element for normal broadcast networks.

Each of the broadcastAppService element, unicastApp-
Service element and/or atscAppService element may
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include a basePattern element. The basePattern element may
refer to information about a segment URL to which each
component is mapped in MPD.

The atscServiceDescription element may refer to DASH
representation including configuration media content com-
ponents belonging to a service, which are transmitted
through a normal broadcast network (ATSC broadcast or
DVB broadcast) over all periods of affiliated media presen-
tation.

The atscServiceDescription element may include the ID
(DP_ID or PLP_ID) of a physical layer pipe through which
component data for a service is delivered.

The atscServiceDescription element may include infor-
mation about a service transmitted through a normal broad-
cast network.

The atscServiceDescription element may include infor-
mation about properties (ID, name, category and the like) of
a service and information about a path through which the
service can be acquired. For example, the atscServiceDe-
scription element can include path information for the full
MPD and/or ATSC SDP.

The full MPD may include DASH MPD with respect to
all components of a service.

The ATSC SDP may include at least one ROUTE session
element which provides information about at least one
real-time object delivery over unidirectional transport
(ROUTE) for a service and/or a component included in the
service.

LCT session ID description (LSID) may include infor-
mation for specifying a transport session through which a
component for a service is transmitted. The LSID may
include information about an LCT session included in a
ROUTE session.

A broadcast reception apparatus according to the present
embodiment may acquire a service on the basis of signaling
data. Specifically, the broadcast reception apparatus may
acquire low level signaling data and acquire service layer
signaling data on the basis of the low level signaling data.
Then, the broadcast reception apparatus may determine
properties of a service using service layer signaling data
(USD). Subsequently, the broadcast reception apparatus
may select at least one component for the service using
service layer signaling data (MPD). For example, the broad-
cast reception apparatus can select at least one component
for the service using at least one representation ID of the
MPD. Then, the broadcast reception apparatus may acquire
information on a transport path through which the selected
at least one component is transmitted using service layer
signaling data (SDP and/or LSID).

FIG. 46 illustrates the USD according to the second
embodiment of the present invention.

The extended USD according to the second embodiment
of the present invention may include the atscServiceDescrip-
tion element C460100 and/or atscAppService element
C460200.

The atscServiceDescription element C460100 may
include attributes of a service and/or information about a
path through which the service can be acquired. The atsc-
ServiceDescription element C460100 may include a Proto-
colVersion attribute, an atscServiceld attribute, a GlobalSer-
viceld attribute, a FullmpdURL attribute, an atscSdpURL
element, a CapabilityDescription element, a TargetingDe-
scription element, a ContentAdvisoryDescription element, a
ProgramTitleDescription element, a Contentl.abelDescrip-
tion element and/or an OriginalServiceld element.

The ProtocolVersion attribute corresponds to the afore-
mentioned protocol_version attribute, the atscServiceld
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attribute corresponds to the aforementioned service_id attri-
bute, the GlobalServiceld attribute corresponds to the afore-
mentioned global_service_id attribute, the FullmpdURL
attribute corresponds to the aforementioned Full_MPD attri-
bute, the atscSdpURL element corresponds to the aforemen-
tioned ATSC_SDP_URL attribute, the CapabilityDescrip-
tion element corresponds to the aforementioned Capabilities
attribute, the TargetingDescription element corresponds to
the aforementioned Targeting_info attribute, the ContentAd-
visoryDescription element corresponds to the aforemen-
tioned content_advisory attribute, the ProgramTitleDescrip-
tion element corresponds to the aforementioned
Program_title attribute, the ContentlabelDescription ele-
ment corresponds to the aforementioned Content_label attri-
bute and the OriginalServiceld element corresponds to the
aforementioned Original service id attribute.

Although “element” and “attribute” are used in the
embodiments, functions thereof may be identical.

The atscServiceDescription element C460100 may be
commonly used in the second, third and fourth embodiments
of the present invention.

The atscAppService element C460200 may indicate
DASH representation including configuration media content
components belonging to a service, which are transmitted
through a normal broadcast network (ATSC broadcast or
DVB broadcast) over all periods of affiliated media presen-
tation. The atsc AppService element C460200 may include a
basePattern attribute, a DP_ID attribute, a transportStre-
amlD attribute, a partitionld attribute, a sourcelPaddress
attribute, a destinationIPaddress attribute and/or a destina-
tionPort attribute.

The basePattern attribute refers to segment URL infor-
mation to which each component is mapped in MPD.

The DP_ID attribute refers to the ID of a data pipe (or
physical layer pipe) through which a component is trans-
mitted. The DP_ID attribute is the ID (DP_ID or PLP_ID)
of a physical layer pipe through which component data for
a service is transmitted.

The transportStreamID attribute indicates the ID of a
broadcast stream including the corresponding component
data.

The partitionld attribute indicates the ID of a partition
indicating a broadcasting station in the corresponding broad-
cast stream.

The sourcelPaddress attribute indicates the source IP
address of an IP datagram including the corresponding
component data.

The destinationIPaddress attribute indicates the destina-
tion IP address of the IP datagram including the correspond-
ing component data.

The destinationPort attribute indicates the destination
UDP port number of the IP datagram including the corre-
sponding component data.

The transportStreamID attribute, the partitionld attribute,
the sourcelPaddress attribute and/or the destinationIPad-
dress attribute may provide component information trans-
mitted through foreign ATSC broadcast.

Since the atscAppService element C460200 included in
the USD contains the DP_ID attribute, the service layer
signaling data according to the second embodiment of the
present invention may not include the CMT.

FIG. 47 illustrates a service according to the second
embodiment of the present invention.

FIG. 47(a) shows signaling data according to the second
embodiment of the present invention. The signaling data
may be transmitted by the first broadcast transmission
apparatus. However, the present invention is not limited
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thereto and the signaling data may be transmitted by the
second broadcast transmission apparatus and/or the content
server.

The signaling data may include low level signaling data
and/or service layer signaling data. The contents of the
signaling data according to the second embodiment of the
present invention may include the contents of the aforemen-
tioned signaling data. The following description is based on
a difference between the signaling data according to the
second embodiment of the present invention and the afore-
mentioned signaling data.

The service layer signaling data may include USD, full
MPD, ATSC SDP and/or LSID.

The USD may include transport path information for the
full MPD and/or ATSC SDP.

The USD may include the broadcastAppService element
for mobile broadcast networks, the unicastAppService ele-
ment for the Internet and/or the atscAppService element
C460200 for normal broadcast networks.

The broadcastAppService element may specify “UHD
video component” and the basePattern element may specify
“basePattern1”.

The unicastAppService element may specify a second
audio component and the basePattern element may specify
“basePatternd”.

The atscAppService element may include a first atscApp-
Service element for an HD video component and a second
atscAppService element for a first audio component. The
first atscAppService element may indicate “HD video com-
ponent”; the basePattern attribute may indicate “basePat-
tern2” and the DP_ID attribute may specify “DP_id3”. The
second atscAppService element may indicate “first audio
component”, the basePattern attribute may indicate
“basePattern3” and the DP_ID attribute may specify
“DP_id3”.

The ATSC SDP may include information about at least
one ROUTE session for a service and/or a component
included in the service.

The full MPD may include information about the UHD
video component having segment URL information of
“basePatternl”. In addition, the full MPD may include
information about the HD video component having segment
URL information (or representation ID information) of
“basePattern2”. Furthermore, the full MPD may include
information about the first audio component having segment
URL information (or representation ID information) of
“basePattern3”. The full MPD may include information
about the second audio component having segment URL
information of “basePattern4”.

The LSID can be acquired on the basis of information
about ROUTE sessions.

Referring to FIG. 47(b), a broadcast transmission appa-
ratus (broadcaster) C470200 according to the second
embodiment of the present invention may transmit service
data and/or signaling data for services using normal broad-
cast networks and/or the Internet. For example, the broad-
caster C470200 can transmit service data and/or signaling
data for services through a normal broadcast network using
a first broadcast transmission apparatus (not shown). The
broadcaster C470200 can transmit service data and/or sig-
naling data for services over the Internet using a content
server (not shown). A second broadcast transmission appa-
ratus (mobile carrier) C470300 can transmit service data
and/or signaling data for services using a mobile broadcast
network (e.g. LTE broadcast).

The first broadcast transmission apparatus may transmit a
video component and a first audio component of a base layer
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for a service using a normal broadcast network. For
example, the video component of the base layer can be an
HD video component. Information about a path through
which the HD video component is transmitted can be
“basePattern2” and information about a path through which
the first audio component is transmitted can be “basePat-
tern3”. In addition, the HD video component and/or the first
audio component can be transmitted through a predeter-
mined data pipe (DP) and/or a physical layer pipe (PLP). For
example, the predetermined DP can have an identifier of
“DP_id3”.

The content server may transmit a second audio compo-
nent for the service using the Internet. For example, infor-
mation on the path through which the second audio com-
ponent is transmitted can be “basePattern4”.

The second broadcast transmission apparatus C470300
may transmit a video component of an enhanced layer for
the service using a mobile broadcast network (LTE broad-
cast). For example, the video component of the enhanced
layer can be a UHD video component. The video component
of the enhanced layer may be additional information for
generating UHD video. In addition, information on the path
through which the UHD video component is transmitted can
be “basePatternl”.

A broadcast reception apparatus C470500 according to
the second embodiment of the present invention may receive
service data and/or signaling data for services. The broadcast
reception apparatus C470500 may receive the HD video
component and/or the first audio component from the broad-
cast transmission apparatus C470200 using a broadcast
receiver. The broadcast reception apparatus C470500 may
receive the second audio component from the broadcast
transmission apparatus C470200 using an IP transceiver.
The broadcast reception apparatus C470500 may receive the
UHD video component from the second broadcast transmis-
sion apparatus C470300 using the broadcast receiver. The
broadcast reception apparatus C470500 may acquire the HD
video component, the first audio component, the second
audio component and/or the UHD video component on the
basis of the capabilities and environment thereof and decode
and/or reproduce the acquired data.

FIG. 48 illustrates a configuration of signaling data
according to a third embodiment of the present invention.

The signaling data according to the third embodiment
may include low level signaling data and/or service layer
signaling data. The signaling data according to the third
embodiment of the present invention is applicable even to a
mobile environment.

According to the third embodiment of the present inven-
tion, SSC bootstrapping information may be transmitted
through the low level signaling data. Signaling data associ-
ated with a service may be transmitted through USD of the
service layer signaling data and signaling data associated
with a component may be transmitted through a CMT of the
service layer signaling data.

The third embodiment of the present invention can pro-
vide a service signaling method for services transmitted
through mobile broadcast networks (LTE broadcast), the
Internet (unicast) and/or normal broadcast networks (ATSC
broadcast or DVB broadcast) by extending 3GPP USD.

The SSC bootstrapping information is transmitted
through an FIC and an SSC delivered through the SSC
bootstrapping information includes USD.

A description will be given of USD extension according
to the third embodiment of the present invention.

FIG. 48(a) illustrates the low level signaling data accord-
ing to the third embodiment of the present invention.
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The low level signaling data is signaling information
supporting bootstrapping of fast channel scan and service
acquisition by a receiver. For example, the low level sig-
naling data can include a fast information channel (FIC)
and/or rating region description (RRD).

The contents of the low level signaling data according to
the third embodiment of the present invention can include
the contents of the aforementioned low level signaling data.

FIG. 48(b) illustrates the service layer signaling data
according to the third embodiment of the present invention.

The contents of the low level signaling data according to
the third embodiment of the present invention can include
the contents of the aforementioned low level signaling data.
The following description is based on a difference between
the low level signaling data according to the third embodi-
ment of the present invention and the aforementioned low
level signaling data.

The service layer signaling data may include USD,
AppSve MPD, eMBMS MPD and/or 3GPP SDP. In addi-
tion, the service layer signaling data may include full MPD,
ATSC SDP, CMT and/or LSID. The AppSve MPD, eMBMS
MPD and/or 3GPP SDP may be signaling data for mobile
broadcast networks. The USD, full MPD, ATSC SDP, CMT
and/or LSID may be signaling data for normal broadcast
networks.

The USD may include a deliveryMethod element and/or
an atscServiceDescription element.

The deliveryMethod element may include a broadca-
stAppService element for mobile broadcast networks, a
unicastAppService element for the Internet and/or an ats-
cAppService element for normal broadcast networks.

Each of the broadcastAppService element, unicastApp-
Service element and/or atscAppService element may
include a basePattern element. The basePattern element may
refer to information about a segment URL to which each
component is mapped in MPD.

The CMT may include component related information
such as component information (associated DASH repre-
sentation information) for a service and a path through
which the corresponding component can be acquired.

For example, the CMT can include a basePattern element
which refers to segment URL information to which each
component is mapped in MPD.

In addition, the CMT may include the ID (DP ID or PLP
ID) of a physical layer pipe (data pipe) through which
component data for the service is transmitted.

A broadcast reception apparatus according to the third
embodiment of the present invention can acquire a service
on the basis of signaling data. Specifically, the broadcast
reception apparatus can acquire low level signaling data and
acquire service layer signaling data on the basis of the low
level signaling data. Then, the broadcast reception apparatus
can determine properties of a service using service layer
signaling data (USD). Subsequently, the broadcast reception
apparatus can select at least one component for the service
using service layer signaling data (MPD). For example, the
broadcast reception apparatus can select at least one com-
ponent for the service using at least one representation ID of
the MPD. Then, the broadcast reception apparatus can
acquire information on a transport path through which the
selected at least one component is transmitted using the
service layer signaling data (SDP, CMT and/or LSID).

FIG. 49 illustrates the USD according to the third embodi-
ment of the present invention.
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The extended USD according to the third embodiment of
the present invention may include the atscServiceDescrip-
tion element C490100 and/or atscAppService element
C490200.

The atscServiceDescription element C490100 may
include attributes of a service and/or information about a
path through which the service can be acquired. The atsc-
ServiceDescription element C490100 may include a Proto-
colVersion attribute, an atscServiceld attribute, a GlobalSer-
viceld attribute, a FullMpdURL attribute, an atscSdpURL
element, a CapabilityDescription element, a TargetingDe-
scription element, a ContentAdvisoryDescription element, a
ProgramTitleDescription element, a ContentLabelDescrip-
tion element and/or an OriginalServiceld element.

The contents of the atscServiceDescription element
C490100 according to the third embodiment of the present
invention can include the contents of the aforementioned
atscServiceDescription element.

The atscAppService element C490200 may indicate
DASH representation including configuration media content
components belonging to a service, which are transmitted
through a normal broadcast network (ATSC broadcast or
DVB broadcast) over all periods of affiliated media presen-
tation. The atsc AppService element C490200 may include a
basePattern attribute, a transportStreamID attribute, a parti-
tionld attribute, a sourcelPaddress attribute, a destinationl-
Paddress attribute and/or a destinationPort attribute.

The contents of the atscAppService element C490200
according to the third embodiment of the present invention
can include the contents of the aforementioned atscAppSer-
vice element.

The atscAppService element C490200 may further
include a Rep_id attribute. The Rep_id attribute refers to
representation ID information to which each component is
mapped in MPD.

According to the third embodiment of the present inven-
tion, the ID (DP_ID attribute or PLP_ID attribute) of a
physical layer pipe (data pipe) through which component
data for a service is transmitted may be included in the CMT
instead of the atscAppService element C490200.

FIG. 50 illustrates a service according to the third embodi-
ment of the present invention.

FIG. 50(a) shows signaling data according to the third
embodiment of the present invention. The signaling data
may be transmitted by the first broadcast transmission
apparatus. However, the present invention is not limited
thereto and the signaling data may be transmitted by the
second broadcast transmission apparatus and/or the content
server.

The signaling data may include low level signaling data
and/or service layer signaling data. The contents of the
signaling data according to the third embodiment of the
present invention may include the contents of the aforemen-
tioned signaling data. The following description is based on
a difference between the signaling data according to the
second embodiment of the present invention and the afore-
mentioned signaling data.

The service layer signaling data may include USD, full
MPD, ATSC SDP, LSID and/or CMT.

The USD may include transport path information for the
full MPD and/or ATSC SDP.

The USD may include the broadcastAppService element
for mobile broadcast networks, the unicastAppService ele-
ment for the Internet and/or the atscAppService element for
normal broadcast networks.
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The broadcastAppService element may specify “UHD
video component” and the basePattern element may specify
“basePattern1”.

The unicastAppService element may specify a second
audio component and the basePattern element may specify
“basePatternd”.

The atscAppService element may include a first atscApp-
Service element for an HD video component and a second
atscAppService element for a first audio component. The
first atscAppService element may indicate “HD video com-
ponent”; the basePattern attribute may indicate “basePat-
tern2” and the DP_ID attribute may specify “DP_id3”. The
second atscAppService element may indicate “first audio
component”, the basePattern attribute may indicate
“basePattern3” and the DP_ID attribute may specify
“DP_id3”.

The ATSC SDP may include information about at least
one ROUTE session for a service and/or a component
included in the service.

The full MPD may include information about the UHD
video component having segment URL information of
“basePatternl”. In addition, the full MPD may include
information about the HD video component having segment
URL information (or representation ID information) of
“basePattern2”. Furthermore, the full MPD may include
information about the first audio component having segment
URL information (or representation ID information) of
“basePattern3”. The full MPD may include information
about the second audio component having segment URL
information of “basePattern4”.

The LSID may be acquired on the basis of information
about ROUTE sessions.

The CMT may include a BroadcastComp element con-
taining mapping information of components transmitted
through a broadcast network. For example, the Broadcast-
Comp element can include a first BroadcastComp element
containing mapping information of the HD video component
transmitted through the broadcast network and/or a second
BroadcastComp element containing mapping information of
the first audio component transmitted through the broadcast
network. Each of the first BroadcastComp element and the
second BroadcastComp element may include a Rep_ID
attribute which indicates a DASH representation 1D associ-
ated with the corresponding component and/or a DP_ID
attribute which indicates the ID of a DP (or PLP) through
which the corresponding component data is transmitted in
the corresponding broadcast stream. The Rep_ID attribute of
the first BroadcastComp element may indicate “rep_id2”
and the DP_ID attribute thereof may indicate “DP_id2”. The
Rep_ID attribute of the second BroadcastComp element
may indicate “rep_id3” and the DP_ID attribute thereof may
indicate “DP_id3”.

Referring to FIG. 50(b), a broadcast transmission appa-
ratus (broadcaster) C500200 according to the third embodi-
ment of the present invention may transmit service data
and/or signaling data for services using normal broadcast
networks and/or the Internet. For example, the broadcaster
C500200 can transmit service data and/or signaling data for
services through a normal broadcast network using a first
broadcast transmission apparatus (not shown). The broad-
caster C500200 can transmit service data and/or signaling
data for services over the Internet using a content server (not
shown). A second broadcast transmission apparatus (mobile
carrier) C500300 may transmit service data and/or signaling
data for services using a mobile broadcast network (e.g. LTE
broadcast).
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The first broadcast transmission apparatus may transmit a
video component and a first audio component of a base layer
for a service using a normal broadcast network. For
example, the video component of the base layer can be an
HD video component. Information about a path through
which the HD video component is transmitted can be
“basePattern2” and information about a path through which
the first audio component is transmitted can be “basePat-
tern3”. In addition, the HD video component and/or the first
audio component can be transmitted through a predeter-
mined data pipe (DP) and/or a physical layer pipe (PLP). For
example, the predetermined DP has an identifier of
“DP_id3”.

The content server may transmit a second audio compo-
nent for the service using the Internet. For example, infor-
mation on the path through which the second audio com-
ponent is transmitted can be “basePattern4”.

The second broadcast transmission apparatus C500300
may transmit a video component of an enhanced layer for
the service using a mobile broadcast network (LTE broad-
cast). For example, the video component of the enhanced
layer can be a UHD video component. The video component
of the enhanced layer may be additional information for
generating UHD video. In addition, information on the path
through which the UHD video component is transmitted
may be “basePatternl”.

A broadcast reception apparatus C500500 according to
the third embodiment of the present invention may receive
service data and/or signaling data for services. The broadcast
reception apparatus C500500 may receive the HD video
component and/or the first audio component from the broad-
cast transmission apparatus C500200 using a broadcast
receiver. The broadcast reception apparatus C500500 may
receive the second audio component from the broadcast
transmission apparatus C500200 using an IP transceiver.
The broadcast reception apparatus C500500 may receive the
UHD video component from the second broadcast transmis-
sion apparatus C500300 using the broadcast receiver. The
broadcast reception apparatus C500500 may acquire the HD
video component, the first audio component, the second
audio component and/or the UHD video component on the
basis of the capability and environment thereof and decode
and/or reproduce the acquired data.

The broadcast reception apparatus C500500 according to
the third embodiment of the present invention may acquire
the HD video component and/or the first audio component
on the basis of the CMT including mapping information of
components transmitted through a broadcast network.

FIG. 51 illustrates a configuration of signaling data
according to a fourth embodiment of the present invention.

The signaling data according to the fourth embodiment
may include low level signaling data and/or service layer
signaling data. The signaling data according to the fourth
embodiment of the present invention is applicable even to a
mobile environment.

According to the fourth embodiment of the present inven-
tion, SSC bootstrapping information may be transmitted
through the low level signaling data. Signaling data associ-
ated with a service may be transmitted through USD of the
service layer signaling data and signaling data associated
with a component may be transmitted through a CMT of the
service layer signaling data.

The fourth embodiment of the present invention can
provide a service signaling method for services transmitted
through mobile broadcast networks (LTE broadcast), the
Internet (unicast) and/or normal broadcast networks (ATSC
broadcast or DVB broadcast) by extending 3GPP USD.
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The SSC bootstrapping information is transmitted
through an FIC and an SSC delivered through the SSC
bootstrapping information includes USD.

A description will be given of USD extension according
to the fourth embodiment of the present invention.

FIG. 51(a) illustrates the low level signaling data accord-
ing to the fourth embodiment of the present invention.

The low level signaling data is signaling information
supporting bootstrapping of fast channel scan and service
acquisition by a receiver. For example, the low level sig-
naling data can include a fast information channel (FIC)
and/or rating region description (RRD).

The contents of the low level signaling data according to
the fourth embodiment of the present invention can include
the contents of the aforementioned low level signaling data.

FIG. 51(b) illustrates the service layer signaling data
according to the fourth embodiment of the present invention.

The contents of the low level signaling data according to
the fourth embodiment of the present invention can include
the contents of the aforementioned low level signaling data.
The following description is based on a difference between
the low level signaling data according to the third embodi-
ment of the present invention and the aforementioned low
level signaling data.

The service layer signaling data may include USD,
AppSve MPD, eMBMS MPD and/or 3GPP SDP. In addi-
tion, the service layer signaling data may include full MPD,
ATSC SDP, CMT and/or LSID. The AppSve MPD, eMBMS
MPD and/or 3GPP SDP may be signaling data for mobile
broadcast networks. The USD, full MPD, ATSC SDP, CMT
and/or LSID may be signaling data for normal broadcast
networks.

The USD may include a deliveryMethod element and/or
an atscServiceDescription element.

The deliveryMethod element may include a broadca-
stAppService element for mobile broadcast networks, a
unicastAppService element for the Internet and/or an ats-
cAppService element for normal broadcast networks.

Each of the broadcastAppService element and/or the
unicastAppService element may include a basePattern ele-
ment. The basePattern element may refer to information
about a segment URL to which each component is mapped
in MPD.

The atscAppService element may include a Rep_ID attri-
bute which indicates the ID of DASH representation asso-
ciated with the corresponding component in MPD.

The CMT may include component related information
such as component information (associated DASH repre-
sentation information) for a service and a path through
which the corresponding component can be acquired.

For example, the CMT can include a Rep_ID attribute
which indicates the ID of DASH representation associated
with the corresponding component in MPD.

In addition, the CMT may include the ID (DP ID attribute
or PLP ID attribute) of a physical layer pipe (data pipe)
through which component data for a service is transmitted.

A broadcast reception apparatus according to the fourth
embodiment of the present invention can acquire a service
on the basis of signaling data. Specifically, the broadcast
reception apparatus can acquire low level signaling data and
acquire service layer signaling data on the basis of the low
level signaling data. Then, the broadcast reception apparatus
can determine properties of a service using service layer
signaling data (USD). Subsequently, the broadcast reception
apparatus can select at least one component for the service
using service layer signaling data (MPD). For example, the
broadcast reception apparatus can select at least one com-
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ponent for the service using at least one representation ID of
the MPD. Then, the broadcast reception apparatus can
acquire information on a transport path through which the
selected at least one component is transmitted using service
layer signaling data (SDP, CMT and/or LSID).

FIG. 52 illustrates a service according to the fourth
embodiment of the present invention.

FIG. 52(a) shows signaling data according to the fourth
embodiment of the present invention. The signaling data
may be transmitted by the first broadcast transmission
apparatus. However, the present invention is not limited
thereto and the signaling data may be transmitted by the
second broadcast transmission apparatus and/or the content
server.

The signaling data may include low level signaling data
and/or service layer signaling data. The contents of the
signaling data according to the fourth embodiment of the
present invention may include the contents of the aforemen-
tioned signaling data. The following description is based on
a difference between the signaling data according to the
fourth embodiment of the present invention and the afore-
mentioned signaling data.

The service layer signaling data may include USD, full
MPD, ATSC SDP, LSID and/or CMT.

The USD may include transport path information for the
full MPD and/or ATSC SDP.

The USD may include the broadcastAppService element
for mobile broadcast networks, the unicastAppService ele-
ment for the Internet and/or the atscAppService element for
normal broadcast networks.

The broadcastAppService element may specify “UHD
video component” and the basePattern element may specify
“basePattern1”.

The unicastAppService element may specify a second
audio component and the basePattern element may specify
“basePattern4”.

The atscAppService element may include a first atscApp-
Service element for an HD video component and a second
atscAppService element for a first audio component.

Each of the first atscAppService element and/or the
second atscAppService element may include a Rep_ID
attribute which indicates a DASH representation 1D associ-
ated with the corresponding component and/or a CMT_URL
attribute which indicates a CMT transport path.

The first atscAppService element may indicate “HD video
component” and the Rep_ID attribute may indicate
“rep_id2”. The second atscAppService element may indi-
cate “first audio component” and the Rep_ID attribute may
indicate “rep_id3”.

The ATSC SDP may include information about at least
one ROUTE session for a service and/or a component
included in the service.

The full MPD may include information about the UHD
video component having segment URL information of
“basePatternl”. In addition, the full MPD may include
information about the HD video component having repre-
sentation 1D information of “rep_id2”. Furthermore, the full
MPD may include information about the first audio com-
ponent having representation ID information) of “rep_id3”.
The full MPD may include information about the second
audio component having segment URL information of
“basePattern4”.

The LSID may be acquired on the basis of information
about a ROUTE session.

The CMT may include a BroadcastComp element con-
taining mapping information of components transmitted
through a broadcast network. For example, the Broadcast-
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Comp element can include a first BroadcastComp element
containing mapping information of the HD video component
transmitted through the broadcast network and/or a second
BroadcastComp element containing mapping information of
the first audio component transmitted through the broadcast
network. Each of the first BroadcastComp element and the
second BroadcastComp element may include a Rep_ID
attribute which indicates a DASH representation 1D associ-
ated with the corresponding component and/or a DP_ID
attribute which indicates the ID of a DP (or PLP) through
which the corresponding component data is transmitted in a
broadcast stream. The Rep_ID attribute of the first Broad-
castComp element may indicate “rep_id2” and the DP_ID
attribute thereof may indicate “DP_id2”. The Rep_ID attri-
bute of the second BroadcastComp element may indicate
“rep_id3” and the DP_ID attribute thereof may indicate
“DP_id3”.

Referring to FIG. 52(b), a broadcast transmission appa-
ratus (broadcaster) C520200 according to the fourth embodi-
ment of the present invention may transmit service data
and/or signaling data for services using normal broadcast
networks and/or the Internet. For example, the broadcaster
(520200 can transmit service data and/or signaling data for
services through a normal broadcast network using a first
broadcast transmission apparatus (not shown). The broad-
caster C520200 may transmit service data and/or signaling
data for services over the Internet using a content server (not
shown). A second broadcast transmission apparatus (mobile
carrier) C520300 may transmit service data and/or signaling
data for services using a mobile broadcast network (e.g. LTE
broadcast).

The first broadcast transmission apparatus may transmit a
video component and a first audio component of a base layer
for a service using a normal broadcast network. For
example, the video component of the base layer can be an
HD video component. The HD video component can be
matched to “Rep_id2” of MPD and the first audio compo-
nent can be matched to “Rep_id3” of the MOD. In addition,
the HD video component and/or the first audio component
can be transmitted through a predetermined DP and/or a
PLP. For example, the predetermined DP has an identifier of
“DP_id3”.

The content server may transmit a second audio compo-
nent for the service using the Internet. For example, infor-
mation on the path through which the second audio com-
ponent is transmitted can be “basePattern4”.

The second broadcast transmission apparatus C520300
may transmit a video component of an enhanced layer for
the service using a mobile broadcast network (LTE broad-
cast). For example, the video component of the enhanced
layer can be a UHD video component. The video component
of the enhanced layer may be additional information for
generating UHD video. In addition, information on the path
through which the UHD video component is transmitted can
be “basePatternl”.

A broadcast reception apparatus C520500 according to
the fourth embodiment of the present invention may receive
service data and/or signaling data for services. The broadcast
reception apparatus C520500 may receive the HD video
component and/or the first audio component from the broad-
cast transmission apparatus C520200 using a broadcast
receiver. The broadcast reception apparatus C520500 may
receive the second audio component from the broadcast
transmission apparatus C520200 using an IP transceiver.
The broadcast reception apparatus C520500 may receive the
UHD video component from the second broadcast transmis-
sion apparatus C520300 using the broadcast receiver. The

20

30

35

40

45

55

90

broadcast reception apparatus C520500 may acquire the HD
video component, the first audio component, the second
audio component and/or the UHD video component on the
basis of the capability and environment thereof and decode
and/or reproduce the acquired data.

The broadcast reception apparatus C520500 according to
the fourth embodiment of the present invention may acquire
the HD video component and/or the first audio component
on the basis of the CMT including mapping information of
components transmitted through a broadcast network.

FIG. 53 illustrates a configuration of signaling data
according to a fifth embodiment of the present invention.

The signaling data according to the fiftth embodiment may
include low level signaling data and/or service layer signal-
ing data. The signaling data according to the fifth embodi-
ment of the present invention is applicable even to a mobile
environment.

According to the fifth embodiment of the present inven-
tion, SSC bootstrapping information may be transmitted
through the low level signaling data. Signaling data associ-
ated with a service may be transmitted through USD of the
service layer signaling data and signaling data associated
with components transmitted through all networks may be
transmitted through a CMT of the service layer signaling
data.

The fifth embodiment of the present invention can provide
a service signaling method for services transmitted through
mobile broadcast networks (LTE broadcast), the Internet
(unicast) and/or normal broadcast networks (ATSC broad-
cast or DVB broadcast) by extending the CMT.

The SSC bootstrapping information is transmitted
through an FIC and an SSC delivered through the SSC
bootstrapping information includes USD.

A description will be given of CMT extension according
to the fifth embodiment of the present invention.

FIG. 53(a) illustrates the low level signaling data accord-
ing to the fifth embodiment of the present invention.

The low level signaling data is signaling information
supporting bootstrapping of fast channel scan and service
acquisition by a receiver. For example, the low level sig-
naling data can include a fast information channel (FIC)
and/or rating region description (RRD).

The contents of the low level signaling data according to
the fitth embodiment of the present invention can include the
contents of the aforementioned low level signaling data.

FIG. 53(b) illustrates the service layer signaling data
according to the fifth embodiment of the present invention.

The contents of the low level signaling data according to
the fitth embodiment of the present invention can include the
contents of the aforementioned low level signaling data. The
following description is based on a difference between the
low level signaling data according to the fifth embodiment
of the present invention and the aforementioned low level
signaling data.

The service layer signaling data may include USD, full
MPD, ATSC SDP, CMT and/or LSID. The USD, full MPD,
ATSC SDP, CMT and/or LSID may be signaling data for
normal broadcast networks.

The CMT may include component related information
such as component information (associated DASH repre-
sentation information) for a service and a path through
which the corresponding component can be acquired.

The CMT may include a BroadcastComp element con-
taining information associated with a component transmitted
through a normal broadcast network (ATST broadcast or
DVB broadcast), a BBComp element containing informa-
tion associated with a component transmitted over the
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Internet and/or an eMBMSComp element containing infor-
mation associated with a component transmitted through a
mobile broadcast network (LTE broadcast).

Each of the BroadcastComp element, the BBComp ele-
ment and/or the eMBMSComp element may include a
Rep_ID attribute which indicates the ID of DASH repre-
sentation associated with the corresponding component.

In addition, each of the BroadcastComp element, the
BBComp element and/or the eMBMSComp element may
include a DP_ID attribute (or PLP_ID attribute) which
indicates the ID of a physical layer pipe (data pipe) through
which component data for a service is transmitted.

A broadcast reception apparatus according to the fifth
embodiment of the present invention can acquire a service
on the basis of signaling data. Specifically, the broadcast
reception apparatus can acquire low level signaling data and
acquire service layer signaling data on the basis of the low
level signaling data. Then, the broadcast reception apparatus
can determine properties of a service using service layer
signaling data (USD). Subsequently, the broadcast reception
apparatus can select at least one component for the service
using service layer signaling data (MPD). For example, the
broadcast reception apparatus can select at least one com-
ponent for the service using at least one representation ID of
the MPD. Then, the broadcast reception apparatus can
acquire information on a transport path through which the
selected at least one component is transmitted using service
layer signaling data (SDP, CMT and/or LSID).

FIG. 54 illustrates a service according to the fifth embodi-
ment of the present invention.

FIG. 54(a) shows signaling data according to the fifth
embodiment of the present invention. The signaling data
may be transmitted by the first broadcast transmission
apparatus. However, the present invention is not limited
thereto and the signaling data may be transmitted by the
second broadcast transmission apparatus and/or the content
server.

The signaling data may include low level signaling data
and/or service layer signaling data. The contents of the
signaling data according to the fifth embodiment of the
present invention may include the contents of the aforemen-
tioned signaling data. The following description is based on
a difference between the signaling data according to the fifth
embodiment of the present invention and the aforemen-
tioned signaling data.

The service layer signaling data may include USD, full
MPD, ATSC SDP, LSID and/or CMT.

The USD may include transport path information for the
full MPD and/or ATSC SDP.

The USD may include the broadcastAppService element
for mobile broadcast networks, the unicastAppService ele-
ment for the Internet and/or the atscAppService element for
normal broadcast networks.

The broadcastAppService element may specify “UHD
video component”. The unicastAppService element may
specify a second audio component. The atscAppService
element may include a first atscAppService element for an
HD video component and a second atscAppService element
for a first audio component. The first atscAppService ele-
ment may indicate “HD video component”. The second
atscAppService element may indicate “first audio compo-
nent”.

The ATSC SDP may include information about at least
one ROUTE session for a service and/or a component
included in the service.

The full MPD may include information about the UHD
video component having representation 1D information of
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“rep_id1”. In addition, the full MPD may include informa-
tion about the HD video component having representation
ID information of “rep_id2”. Furthermore, the full MPD
may include information about the first audio component
having representation ID information) of “rep_id3”. The full
MPD may include information about the second audio
component having representation ID information of
“rep_id4”.

The LSID may be acquired on the basis of information
about ROUTE sessions.

The CMT may include a BroadcastComp element con-
taining information related to a component transmitted
through a normal broadcast network (ATSC broadcast or
DVB broadcast), a BBComp element containing informa-
tion associated with a component transmitted over the
Internet and/or an eMBMSComp element containing infor-
mation associated with a component transmitted through a
mobile broadcast network (LTE broadcast).

For example, the BroadcastComp element can include a
first BroadcastComp element containing mapping informa-
tion of the HD video component transmitted through a
normal broadcast network and/or a second BroadcastComp
element containing mapping information of the first audio
component transmitted through the normal broadcast net-
work. Each of the first BroadcastComp element and the
second BroadcastComp element may include a Rep_ID
attribute which indicates a DASH representation 1D associ-
ated with the corresponding component and/or a DP_ID
attribute which indicates the ID of a DP (or PLP) through
which the corresponding component data is transmitted in a
broadcast stream. The Rep_ID attribute of the first Broad-
castComp element may indicate “rep_id2” and the DP_ID
attribute thereof may indicate “DP_id2”. The Rep_ID attri-
bute of the second BroadcastComp element may indicate
“rep_id3” and the DP_ID attribute thereof may indicate
“DP_id3”.

The BBComp element may include mapping information
of'the second audio component transmitted over the Internet
(unicast). The Rep_ID attribute of the BBComp element
may indicate “rep_id4”.

The eMBMSComp element may include mapping infor-
mation of the UHD video component transmitted through a
mobile broadcast network (LTE broadcast). The Rep_ID
attribute of the eMBMSComp element may indicate
“rep_id1”.

Referring to FIG. 54(b), a broadcast transmission appa-
ratus (broadcaster) C540200 according to the fifth embodi-
ment of the present invention may transmit service data
and/or signaling data for services using normal broadcast
networks and/or the Internet. For example, the broadcaster
(540200 can transmit service data and/or signaling data for
services through a normal broadcast network using a first
broadcast transmission apparatus (not shown). The broad-
caster C540200 may transmit service data and/or signaling
data for services over the Internet using a content server (not
shown). A second broadcast transmission apparatus (mobile
carrier) C540300 may transmit service data and/or signaling
data for services using a mobile broadcast network (e.g. LTE
broadcast).

The first broadcast transmission apparatus may transmit a
video component and a first audio component of a base layer
for a service using a normal broadcast network. For
example, the video component of the base layer can be an
HD video component. The HD video component can be
matched to “Rep-id2” of MPD and the first audio component
can be matched to “Rep_id3” of the MOD. In addition, the
HD video component and/or the first audio component can
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be transmitted through a predetermined DP and/or a PLP.
For example, the predetermined DP has an identifier of
“DP_id3”.

The content server may transmit a second audio compo-
nent for the service using the Internet. For example, the
second audio component can be matched to “Rep_id4” of
MPD.

The second broadcast transmission apparatus C540300
may transmit a video component of an enhanced layer for
the service using a mobile broadcast network (LTE broad-
cast). For example, the video component of the enhanced
layer can be a UHD video component. The video component
of the enhanced layer may be additional information for
generating UHD video. In addition, the UHD video com-
ponent can be matched to “Rep_id1” of the MPD.

A broadcast reception apparatus C540500 according to
the fifth embodiment of the present invention may receive
service data and/or signaling data for services. The broadcast
reception apparatus C540500 may receive the HD video
component and/or the first audio component from the broad-
cast transmission apparatus C540200 using a broadcast
receiver. The broadcast reception apparatus C540500 may
receive the second audio component from the broadcast
transmission apparatus C540200 using an IP transceiver.
The broadcast reception apparatus C540500 may receive the
UHD video component from the second broadcast transmis-
sion apparatus C540300 using the broadcast receiver. The
broadcast reception apparatus C540500 may acquire the HD
video component, the first audio component, the second
audio component and/or the UHD video component on the
basis of the capability and environment thereof and decode
and/or reproduce the acquired data.

The broadcast reception apparatus C540500 according to
the fifth embodiment of the present invention may acquire
the HD video component, the first audio component, the
second audio component and/or the UHD video component
on the basis of the CMT including mapping information of
components transmitted through a broadcast network, and
decode/reproduce the acquired data.

FIG. 55 illustrates a configuration of signaling data
according to a sixth embodiment of the present invention.

The signaling data according to the sixth embodiment
may include low level signaling data and/or service layer
signaling data. The signaling data according to the sixth
embodiment of the present invention is applicable even to a
mobile environment.

According to the sixth embodiment of the present inven-
tion, SSC bootstrapping information may be transmitted
through the low level signaling data. Signaling data associ-
ated with a service may be transmitted through USD of the
service layer signaling data and signaling data associated
with a component may be transmitted through a CMT of the
service layer signaling data.

The sixth embodiment of the present invention can pro-
vide a service signaling method for services transmitted
through mobile broadcast networks (LTE broadcast), the
Internet (unicast) and/or normal broadcast networks (ATSC
broadcast or DVB broadcast) by extending 3GPP SDP.

The SSC bootstrapping information is transmitted
through an FIC and an SSC delivered through the SSC
bootstrapping information includes USD.

A description will be given of SDP extension according to
the sixth embodiment of the present invention.

FIG. 55(a) illustrates the low level signaling data accord-
ing to the sixth embodiment of the present invention.

The low level signaling data is signaling information
supporting bootstrapping of fast channel scan and service

5

10

15

20

25

30

35

40

45

50

55

60

65

94

acquisition by a receiver. For example, the low level sig-
naling data can include an FIC and/or RRD.

The contents of the low level signaling data according to
the sixth embodiment of the present invention can include
the contents of the aforementioned low level signaling data.

FIG. 55(b) illustrates the service layer signaling data
according to the sixth embodiment of the present invention.

The contents of the low level signaling data according to
the sixth embodiment of the present invention can include
the contents of the aforementioned low level signaling data.
The following description is based on a difference between
the low level signaling data according to the sixth embodi-
ment of the present invention and the aforementioned low
level signaling data.

The service layer signaling data may include USD,
AppSve MPD, eMBMS MPD and/or 3GPP SDP. In addi-
tion, the service layer signaling data may include SDP, CMT
and/or LSID. The AppSve MPD, eMBMS MPD, 3GPP SDP,
SDP, CMT and/or LSID may be signaling data for normal
broadcast networks and the Internet as well as mobile
broadcast networks.

The USD may include path information for the AppAvc
MPD, eMBMS MPD and/or 3GPP SDP.

The 3GPP SDP may include at least one ROUTE session
element which provides information about at least one
ROUTE for a service and/or a component included in the
service. The ROUTE session element may include transport
path information for a ROUTE session. For example, the
ROUTE session element can include a bsid attribute which
indicates the ID of a broadcast stream through which a
content component of the service is transmitted, an sIpAddr
attribute which indicates the source IP address of the
ROUTE session, a dIpAddr attribute which indicates the
destination IP address of the ROUTE session, a dport
attribute which indicates the destination port number of the
ROUTE session and/or a PLPID attribute which indicates a
physical layer parameter for the ROUTE session. The bsid
attribute, slpAddr attribute, dIpAddr attribute, dport attri-
bute and/or PLPID attribute can be used as information on
a transport path through which LSID is transmitted.

In addition, the 3GPP SDP may include at least one LCT
session element which provides information about at least
one LCT session for a service and/or a component included
in the service. For reference, a ROUTE session can include
at least one LCT session. For example, the LCT session
element can include a tsi attribute which indicates the ID of
the corresponding LCT session and/or a PLPID attribute
which indicates a physical layer parameter for the corre-
sponding L.CT session.

The CMT may include component related information
such as component information (associated DASH repre-
sentation information) for a service and a path through
which the corresponding component can be acquired.

For example, the CMT can include the ID (DP ID attribute
or PLP ID attribute) of a physical layer pipe (data pipe)
through which component data for a service is transmitted.

The LSID may include information for specifying a
transport session through which a component for a service is
transmitted. The LSID may be included in each ROUTE
session. The LSID may be transmitted through a specific
transport session in the corresponding ROUTE session. In
addition, the LSID may include information about an LCT
session included in the ROUTE session. For example, the
LSID can include a tsi attribute which specifies a transport
session through which a content component for a service is
transmitted.
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The SPD (or service configuration description (SCD))
may include a variety of additional signaling information
which is not included in the low level signaling data (or
FIC).

A broadcast reception apparatus according to the sixth
embodiment of the present invention can acquire a service
on the basis of signaling data. Specifically, the broadcast
reception apparatus can acquire low level signaling data and
acquire service layer signaling data on the basis of the low
level signaling data. Then, the broadcast reception apparatus
can determine properties of a service using service layer
signaling data (USD and/or SPD). Subsequently, the broad-
cast reception apparatus can select at least one component
for the service using service layer signaling data (MPD). For
example, the broadcast reception apparatus can select at
least one component for the service using at least one
representation ID of the MPD. Then, the broadcast reception
apparatus can acquire information on a transport path
through which the selected at least one component is trans-
mitted using service layer signaling data (SDP, CMT and/or
LSID).

The broadcast reception apparatus according to the sixth
embodiment of the present invention may acquire transport
path information of at least one component using the LSID,
CMT and/or SDP (ROUTE session element).

In addition, the broadcast reception apparatus according
to the sixth embodiment of the present invention may
acquire transport path information of at least one component
using the LSID and/or SDP (LCT session element). In this
case, the tsi attribute which specifies an LCT session may be
present in both the LSID and SDP (LCT session element). In
addition, the broadcast reception apparatus may acquire the
transport path information of the at least one component
without using the CMT.

FIG. 56 illustrates effects of signaling according to the
first to sixth embodiments of the present invention.

The first embodiment of the present invention can achieve
separate signaling for mobile broadcast networks (3GPP)
and normal broadcast networks (ATSC or DVB). In addi-
tion, signaling according to the first embodiment of the
present invention can have extensibility. However, signaling
according to the first embodiment of the present invention
may be duplication for components transmitted over the
Internet. Furthermore, the structure of signaling according to
the first embodiment has complexity.

Signaling according to the second embodiment of the
present invention does not require the CMT. In addition,
signaling according to the second embodiment of the present
invention has a less complex structure than signaling accord-
ing to the first embodiment of the present invention. Fur-
thermore, the second embodiment of the present invention
can achieve separate signaling for mobile broadcast net-
works (3GPP) and normal broadcast networks (ATSC or
DVB) using the extended USD. However, signaling accord-
ing to the second embodiment of the present invention may
cause eMBMS signaling layering violation.

Signaling according to the third and fourth embodiments
of'the present invention does not cause layering violation for
USD extension. In addition, the third and fourth embodi-
ments of the present invention can achieve separate signal-
ing for mobile broadcast networks (3GPP) and normal
broadcast networks (ATSC or DVB) using the extended
USD. However, in the signaling according to the third and
fourth embodiments of the present invention, an optional
attribute should be used in the CMT.

Signaling according to the fifth embodiment of the present
invention has simplest structure. In addition, signaling
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according to the fifth embodiment of the present invention
does not cause layering violation.

Signaling according to the sixth embodiment of the pres-
ent invention can have extensibility since the signaling uses
the extended SPD. However, signaling according to the sixth
embodiment of the present invention may have a complex
structure.

FIG. 57 is a flowchart illustrating a broadcast transmis-
sion method according to an embodiment of the present
invention.

A broadcast transmission apparatus may generate service
data for a service using a controller (not shown)
(CS570100).

The broadcast transmission apparatus may generate ser-
vice layer signaling data using the controller (CS570200).

The broadcast transmission apparatus may transmit a
broadcast signal including the service data and the service
layer signaling data using a transmitter (CS570300).

The service layer signaling data may include first signal-
ing data, second signaling data and third signaling data. For
example, the first signaling data can include the aforemen-
tioned USD, SPD and/or SMT.

The first signaling data may include reference information
for referring to the second signaling data and the third
signaling data.

The second signaling data may include description for a
component of the service. For example, the second signaling
data can include the aforementioned AppSve MPD, eMBMS
MPD and/or full MPD.

The third signaling data may include information for
acquiring the component associated with the service. For
example, the third signaling data can include the aforemen-
tioned 3GPP SDP, SMT, CMT, ATSC SDP, UST, RRD,
ROUTE session element, LCT session element and/or LSID.

The broadcast transmission apparatus may generate low
level signaling data using the controller. The low level
signaling data may support bootstrapping of service acqui-
sition. For example, the low level signaling data can include
the aforementioned FIC, UST and/or RRD.

The broadcast transmission apparatus may transmit a
broadcast signal including the service data, the service layer
signaling data and the low level signaling data using the
transmitter.

The reference information may include first reference
information for referring to the second signaling data and
second reference information for referring to the third sig-
naling data. For example, the first reference information can
correspond to the aforementioned Full_MPD_URL attribute
and the second reference information can correspond to the
aforementioned ATSC_SDP_URL attribute.

The first signaling data may further include capability
information which specifies capabilities necessary for repro-
duction of the service. For example, the capability informa-
tion can correspond to the aforementioned Capabilities
attribute.

The third signaling data may include a first transport
session element and a second transport session element. The
first transport session element may include information
about a first transport session through which the service is
transmitted. The second transport session element may
include information about a second transport session
through which the component of the service is transmitted.
For example, the first transport session can be a ROUTE
session and the second transport session can be an LCT
session.

The third signaling data may include at least one of a
PLPID attribute which specifies a physical layer pipe
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through which the component is transmitted and a tsi
attribute which specifies the second transport session.

The third signaling data may include mapping informa-
tion which is mapped to the service transmitted through the
second transport session. For example, the mapping infor-
mation can correspond to the aforementioned Rep_id attri-
bute.

The mapping information may be a representation ID of
dynamic adaptive streaming over HT'TP (DASH) content for
selecting the second transport session.

FIG. 58 is a flowchart illustrating a broadcast reception
method according to an embodiment of the present inven-
tion.

A broadcast reception apparatus may receive a broadcast
signal including service data and service layer signaling data
for a service using a broadcast receiver (SC580100).

The broadcast reception apparatus may acquire the ser-
vice layer signaling data using a controller (CS580200).

The broadcast reception apparatus may discover and/or
acquire a component of the service on the basis of the
service layer signaling data using the controller (CS580300).

In addition, the broadcast reception apparatus may
acquire low level signaling data using the controller. The
low level signaling data may support bootstrapping of
service acquisition.

The service layer signaling data may include first signal-
ing data, second signaling data and third signaling data. The
first signaling data may include reference information for
referring to the second signaling data and the third signaling
data. The second signaling data may include description for
a component of the service. The third signaling data may
include information for acquiring the component associated
with the service.

The reference information may include first reference
information referring to the second signaling data and sec-
ond reference information referring to the third signaling
data. The first signaling data may further include capability
information which specifies capabilities necessary for repro-
duction of the service.

The third signaling data may include a first transport
session element and a second transport session element. The
first transport session element may include information
about a first transport session through which the service is
transmitted. The second transport session element may
include information about a second transport session
through which the component of the service is transmitted.

The third signaling data may include at least one of a
PLPID attribute which specifies a physical layer pipe
through which the component is transmitted and a tsi
attribute which specifies the second transport session.

The third signaling data may include mapping informa-
tion which is mapped to the service transmitted through the
second transport session. The mapping information may be
a representation ID of DASH content for selecting the
second transport session.

FIG. 59 illustrates a configuration of signaling data
according to a seventh embodiment of the present invention.

The signaling data according to the seventh embodiment
may include low level signaling data and/or service layer
signaling data. The signaling data according to the seventh
embodiment of the present invention is applicable even to a
mobile environment.

The signaling data according to the seventh embodiment
of the present invention may provide ATSC broadcast ser-
vice signaling by extending service description, session
description and a file delivery over unidirectional transport
(FLUTE) based object extension transport scheme.
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According to the seventh embodiment of the present
invention, SSC bootstrapping information may be transmit-
ted through the low level signaling data. Signaling data
associated with a service and signaling data associated with
a component may be transmitted through USD of'the service
layer signaling data.

The seventh embodiment of the present invention can
provide a service signaling method for services transmitted
through mobile broadcast networks (LTE broadcast), the
Internet (unicast) and/or normal broadcast networks (ATSC
broadcast or DVB broadcast).

The SSC bootstrapping information may be transmitted
through an FIC. An SSC can include USD, AppSvc MPD,
eMBMS MPD, 3GPP SDP, ATSC SDP and/or full MPD.

A description will be given of methods of extending USD,
SDP and/or LSID according to the seventh embodiment of
the present invention.

The low level signaling data is signaling information
supporting bootstrapping of fast channel scan and service
acquisition by a receiver. Bootstrapping of service acquisi-
tion may refer to a procedure for acquiring a service.
Accordingly, information for bootstrapping may include
path information for acquiring the service. For example, the
low level signaling data can include an FIC and/or RRD.

The FIC may be referred to as a service list table (SLT).
The SLT may include service layer signaling (SLS) boot-
strapping information. The SLS bootstrapping information
may include service signaling channel (SSC) bootstrapping
information for at least one service.

For example, the SSC can be a channel through which the
SLS and/or service layer signaling data is transmitted. SSC
bootstrapping may refer to a procedure for acquiring the
SSC (or service layer signaling data). Accordingly, the SSC
bootstrapping information can include path information for
acquiring the service layer signaling data.

The contents of the low level signaling data according to
the seventh embodiment of the present invention can include
the contents of the aforementioned low level signaling data.

The contents of the service layer signaling data according
to the seventh embodiment of the present invention can
include the contents of the aforementioned service layer
signaling data. The following description is based on a
difference between the service layer signaling data accord-
ing to the seventh embodiment of the present invention and
the aforementioned service layer signaling.

The service layer signaling data may include USD,
AppSve MPD, eMBMS MPD and/or 3GPP SDP. In addi-
tion, the service layer signaling data may include ATSC
SDP, full MPD and/or LSID. The service layer signaling
data may include a plurality of ATSC SDPs. The USD,
AppSve MPD, eMBMS MPD, 3GPP SDP, ATSC SDP, full
MPD and/or LSID may be signaling data for normal broad-
cast networks and/or the Internet as well as mobile broadcast
networks.

The USD may include transport path information for the
AppSve MPD, eMBMS MPD and/or 3GPP SDP.

In addition, the USD may include an atscServiceDescrip-
tion element containing attributes of a service and/or infor-
mation about a path through which the service can be
acquired. For example, the atscServiceDescription element
can include information about a path through which the
ATSC SDP can be acquired.

The USD may include a DeliveryMethod element which
indicates a container of transport related information asso-
ciated with service content transmitted through a broadcast
access mode and/or a broadband access mode. For example,
the DeliveryMethod element can include an atscAppService
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element for normal broadcast networks. The atscAppService
element can include a basePattern element containing
unique mapping information of a component transmitted
through the atscAppService element.

Furthermore, the USD may include an appService ele-
ment containing information for mapping a component
transmitted through a normal broadcast network (ATSC
broadcast or DVB broadcast) to media presentation descrip-
tion information of the corresponding component. For
example, the appService element can include path informa-
tion for acquiring the full MPD.

Each ATSC SDP may include at least one ROUTE session
element which provides information about at least one
ROUTE session for a service and/or a component included
in the service. The ROUTE session element may include
transport path information for the corresponding ROUTE
session. For example, the transport path information for the
ROUTE session can be used as information about a transport
path through which LSID is transmitted.

The LSID may include information about a transport
session (LCT session) through which a component for a
service is transmitted. The LSID may be included in each
ROUTE session. The LSID may be transmitted through a
specific transport session included in the corresponding
ROUTE session.

A broadcast reception apparatus according to the seventh
embodiment of the present invention can acquire a service
on the basis of signaling data. Specifically, the broadcast
reception apparatus can acquire low level signaling data and
acquire service layer signaling data on the basis of the low
level signaling data. Then, the broadcast reception apparatus
can determine properties of a service using service layer
signaling data (USD). Subsequently, the broadcast reception
apparatus can select at least one component for the service
using service layer signaling data (MPD). For example, the
broadcast reception apparatus can select at least one com-
ponent for the service using at least one representation ID of
the MPD. Then, the broadcast reception apparatus can
acquire information on a transport path through which the
selected at least one component is transmitted using service
layer signaling data (SDP and/or LSID).

FIG. 60 illustrates the USD according to the seventh
embodiment of the present invention.

The extended USD according to the seventh embodiment
of the present invention may include the atscServiceDescrip-
tion element C600100, DeliveryMethod element C600200
and/or appService element C600300.

The atscServiceDescription element C600100 may
include information about a service transmitted through a
normal broadcast network. The atscServiceDescription ele-
ment C600100 may include a Protocol Version attribute, an
atscServiceld attribute, a GlobalServiceld attribute, an
atscSdpURI element, a CapabilityDescription element, a
TargetingDescription element, a ContentAdvisoryDescrip-
tion element and/or a ProgramTitleDescription element.

The atscSdpURI element according to the seventh
embodiment of the present invention refers to information
(URL information or URI information) which indicates an
SDP (or ATSC SDP) including information about a ROUTE
session through which a service (ATSC service or DVB
service) is transmitted. The atscSdpURI element refers to
information (URL information or URI information) used to
refer to S-TSID (or ATSC_SDP) which provides access
related parameters for transport sessions through which
service content is transmitted.

Cardinality of the atscSdpURI element may be defined as
0 or unbounded. The SDP corresponding to the atscSdpURI
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element indicates a ROUTE session which constitutes an
ATSC service and describes session description information
of the LSID. Accordingly, when the ATSC service is trans-
mitted through one or more ROUTE sessions, as many
atscSdpURI elements as the number of ROUTE sessions can
be provided, and each URI indicates corresponding SDP
data.

The contents of the atscServiceDescription element
C600100 according to the seventh embodiment of the pres-
ent invention may include the contents of the aforemen-
tioned atscServiceDescription element.

The DeliveryMethod element C600200 may be a con-
tainer of transport related information associated with ser-
vice content transmitted through the broadcast access mode
and/or the broadband access mode. The DeliveryMethod
element C600200 may include an atscAppService element
for normal broadcast networks. The atscAppService element
may include information about DASH representation
including configuration media content components belong-
ing to a service, which are transmitted through a normal
broadcast network (ATSC broadcast or DVB broadcast) over
all periods of affiliated media presentation. For example, the
atscAppService element can include information about data
which uses the ATSC broadcast delivery method. The ats-
cAppService element can include a basePattern element.
The basePattern element refers to segment URL information
to which each component is mapped in MPD. For example,
the basePattern element can include unique mapping infor-
mation of a component transmitted through the atscAppSer-
vice element.

The appService element C600300 may indicate DASH
representation including configuration media content com-
ponents belonging to a service, which are transmitted
through a normal broadcast network (ATSC broadcast or
DVB broadcast) over all periods of affiliated media presen-
tation. For example, the appService element C600300 can
include information for mapping a component transmitted
through ATSC broadcast to media presentation description
information of the corresponding component. The appSer-
vice element C600300 may include an identicalContent
element, an alternativeContent element, an appServiceDe-
scriptionURI attribute and/or a mimeType attribute.

The appServiceDescription URI attribute refers to infor-
mation (URL information or URI information) used to refer
to MPD including information about all content components
of a service transmitted through a mobile broadcast network
(LTE broadcast), the Internet and/or a normal broadcast
network (ATSC broadcast or DVB broadcast).

FIG. 61 illustrates the ATSC SDP and/or the LSID accord-
ing to the seventh embodiment of the present invention.

FIG. 61(a) shows the ATSC SDP according to the seventh
embodiment of the present invention.

Definition of the ATSC SDP can be extended as follows.
The ATSC SDP may have a unique URI value. For example,
the ATSC SDP can have a URI value of “sdpUri”. When
FLUTE is used, the URI value can be designated through
Content-Location of an FDT. When ROUTE is used, the
URI value can be designated through Content-Location
described in an extended file delivery table (EFDT). The
URI value may have a unique value mapped to an
atscSdpURI element value of the USD/atscServiceDescrip-
tion.

The ATSC SDP may include component information (s),
an originator and session identifier (0), a source filter (a),
connection information (c¢), media description (m), an ATSC
mode (a, atsc-mode) and/or TSI information (a, route-tsi).
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The component information (s) may include information
about a component. For example, the component informa-
tion (s) can have a value of “robust-audio”.

The originator and session identifier (0) may indicate the
source IP address of a ROUTE session. For example, the
originator and session identifier (o) can be represented as
“o=jdoe 2890844526 2890842807 IN IP4 sourcelPaddress”.

The source filter (a) may indicate a source IP address. The
source filter (a) may be represented using “0=" or “source-
filter attribute”. For example, the source filter (a) can be
represented as “incl IN (Ipver) (sourcelPaddress)” and/or
“incl IN IP6*(sourcelPaddress)”.

The connection information (¢) may indicate the destina-
tion IP address of the ROUTE session. For example, the
connection information (c) can be represented as “IN 1P4
destinationIPaddress”.

The media description (m) may indicate the destination
port of the ROUTE session. For example, the media descrip-
tion (m) can be represented as m=APPLICATION (destina-
tionPort) ROUTE/UDP 0".

The ATSC mode (a, atsc-mode) may indicate the ID of a
transport stream through which LSID of the ROUTE session
is transmitted and/or the ID of a data pipe (or PLP) through
which LSID of the ROUTE session is transmitted when the
ATSC broadcast mode is used. For example, the atsc mode
(a) can be represented as “a=atsc-mode: transportstream_id,
DP_id”.

The TSI information (a, route-tsi) may indicate the trans-
port session identifier of an LCT session through which the
LSID of the ROUTE session is transmitted. This value is
optionally described in the SDP and indicates transmission
with “tsi 0”” when the value is not described. When a specific
tsi value is described, this value indicates that the LSID is
transmitted with the described tsi. For example, the TSI
information (a) can be represented as “a=route-tsi: tsi”.

FIG. 61(b) shows the LSID according to the seventh
embodiment of the present invention.

The LSID may include information about an LCT session
included in a ROUTE session. For example, the LSID can
include a version attribute, a validFrom attribute, an expi-
ration attribute and/or a TransportSession element.

The version attribute indicates the version of the LSID.

The validFrom attribute indicates time from which the
LSID is valid.

The expiration attribute indicates time at which the LSID
expires.

The TransportSession element may include information
about one or more transport sessions (or LCT sessions)
which form a ROUTE session. The transport sessions (or
LCT session) may be used to carry audio, video and/or data
and may be transmitted through the same data pipe (or PLP)
or different data pipes (or PLPs). The LSID may be included
in each ROUTE session. The LSID may be transmitted
through a specific transport session in the corresponding
ROUTE session. For example, the TransportSession element
may include a tsi attribute, a DP_id attribute, a SourceFlow
element and/or a RepairFlow element.

The tsi attribute may specify a transport session through
which a content component for a service is transmitted.

The DP_id attribute may indicate the identifier of a
physical layer pipe (or data pipe) associated with the trans-
port session through which the content component for the
service is transmitted. The DP_id attribute may indicate a
data pipe (or physical layer pipe) through which the trans-
port session described in the corresponding LSID is trans-
mitted. The DP_id is optionally described. If the correspond-
ing DP_id is not present, this means that the transport
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session is transmitted through the data pipe having the same
DP_id as the DP_id corresponding to the atsc mode value
described in the ATSC SDP.

The SourceFlow element may include information about
a source flow transmitted through an LCT session. The
source flow may carry source data including a core compo-
nent of ROUTE. For example, the source flow can carry at
least one delivery object through a unidirectional channel.

The RepairFlow element may include information about
a repair flow transmitted through an LCT session. The repair
flow may carry repair data which protects at least one
delivery object.

FIG. 62 illustrates service layer signaling according to the
seventh embodiment of the present invention.

A broadcast signal C620100 having a specific frequency
may include service data and/or signaling data for a service.
For example, the broadcast signal C620100 can be identified
by “BCStreamID1”. “BCStreamID1” can identify the broad-
cast signal in a specific area and/or at the specific frequency.

The broadcast signal C620100 may include a first
ROUTE session. The service data for the service may be
transmitted through the first ROUTE session. For example,
the identifier of the service can have a value of “SrvcID1”.

The service data may include a video component and/or
an audio component for the service. The video component
may include at least one video segment including video data.
The audio component may include at least one audio seg-
ment including audio data. The video component may be
transmitted through a specific transport session of the first
ROUTE session. The audio component may be transmitted
through another transport session of the first ROUTE ses-
sion.

The signaling data may include low level signaling data
and/or service layer signaling data. For example, the low
level signaling data can include an FIC and/or an SLT. The
low level signaling data may be included in an IP/UDP
packet and transmitted. The service layer signaling data may
be referred to as SLS. The service layer signaling data may
include USD, MPD (or full MPD), SDP (or ATSC SDP)
and/or LSID. The USD, MPD and/or SDP may be transmit-
ted through a service signaling channel (SSC). The SSC
and/or LSID may be transmitted through a specific transport
session of the first ROUTE session.

The first ROUTE session may be identified by a combi-
nation of a source IP address (sIPAdrsl), a destination IP
address (IPAdrs1) and a destination port number (Portl). In
addition, the first ROUTE session may be transmitted
through a first DP (BBPSID1) and/or a second DP
(BBPSID2). Furthermore, the first ROUTE session may
include an SSC transport session (tsi-s), an LSID transport
session (tsi-0), a first transport session (tsi-v) and/or a
second transport session (tsi-ra).

The SSC transport session (tsi-s) may include at least one
SSC fragment. The at least one SSC fragment may be
identified by a transport object identifier. For example, the
transport object identifier for the SSC fragment can have a
value of “toi-s-bundl”. The USD, MPD and/or SDP may be
transmitted through the SSC transport session.

The LSID transport session (tsi-0) may include at least
one LSID fragment. For example, a transport object identi-
fier for the LSID can have a value of “t0i-0”. The LSID may
be transmitted through the LSID transport session.

The first transport session (tsi-v) may include a video
component. For example, the video component can include
at least one video segment. A transport object identifier for
the video segment may have a specific value.
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The second transport session (tsi-ra) may include an audio
component. For example, the audio component can include
at least one audio segment. A transport object identifier for
the audio segment may have a specific value.

A description will be given of the FIC.

The FIC may include SSC bootstrapping information for
acquiring service layer signaling data transmitted through an
SSC. For example, the SSC bootstrapping information can
include a source IP address (sIPAdresl), a destination IP
address (IPAdrsl), a destination port number (Portl), a
transport session identifier (tsi0-s), a transport object iden-
tifier (toi-s-bundl) and/or USD path information (usdUri),
which are associated with the SSC.

A description will be given of the SSC.

The SSC 620200 may be identified by a transport
session identifier having a value of “tsi-s” and/or a transport
object identifier having a value of “toi-s-bundl”. The SSC
C620200 may include USD C620210, MPD C620230 and/
or an SDP C620240.

A description will be given of the USD.

The USD C620210 may describe service layer properties.
In addition, the USD C620210 may include reference infor-
mation (or URI) used to refer to the MPD C620230 and/or
the SDP C620240. For example, the USD (bundleDescrip-
tion/userServiceDescription) C620210 may include an atsc-
ServiceDescription element, a deliveryMethod element and/
or an appService element. The contents of the USD
620210 can include the contents of the aforementioned
USD. A description will be given of the USD with reference
to the attached drawing.

The atscServiceDescription element may include an
atscSdpURI element. The atscSdpURI element may include
information (URL information or URI information) used to
refer to an SDP (or S-TSID) which provides access related
parameters for transport sessions through which service
content is transmitted. For example, the atscSdpURI element
can have a value of “sdpUri” for referring to the SDP
C620240.

The deliveryMethod element may include an atscAppSer-
vice element. The atscAppService element may include a
basePattern element. The basePattern element may refer to
segment URL information to which each component is
mapped in the MPD.

The appService element may include an appServiceDe-
scriptionURI attribute. The appServiceDescriptionURI attri-
bute refers to information (URL information or URI infor-
mation) used to refer to MPD including information about
all content components transmitted through a mobile broad-
cast network (LTE broadcast), the Internet (unicast) and/or
a normal broadcast network (ATSC broadcast or DVB
broadcast). For example, the appServiceDescriptionURI
attribute can have a value of “tullMpdUri” referring to the
MPD C620230.

A description will be given of the MPD.

The MPD C620230 may include resource identifiers for
individual media components of a linear/streaming service.
The contents of the MPD according to the seventh embodi-
ment of the present invention can include the contents of the
aforementioned MPD.

The MPD may include a Period element. The Period
element may include a first AdaptationSet element contain-
ing information about at least one video component and a
second AdaptationSet element containing information about
at least one audio component.

Each of the first AdaptationSet element and the second
AdaptationSet element may include a SegmentTemplate
element and/or a Representation element. The SegmentTem-
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plate element may include default segment template infor-
mation. The SegmentTemplate element may include a media
attribute which contains template information for generating
a media segment list. The Representation element may
include information about representation associated with a
component. The Representation element may include an id
attribute (or Rep_ID attribute) which specifies representa-
tion.

For example, a media attribute value for a video compo-
nent can be “v-segUrl-$Num$.mp4”. An id attribute value
for the video component can be “RepresentationID-v”.

For example, a media attribute value for an audio com-
ponent can be “ra-segUrl-SNum$.mp4”. An id attribute
value for the audio component can be “RepresentationID-
ra”.

A description will be given of the SDP.

The SDP C620240 may include a first ROUTE session
element which provides information about a ROUTE ses-
sion for a service and/or a component included in the
service. The first ROUTE session element may include
transport path information for a first ROUTE session. For
example, the first ROUTE session element can include a
bsid attribute indicating the identifier of a broadcast stream
through which a content component of the service is trans-
mitted, an sIdAddr attribute indicating the source IP address
of the first ROUTE session, a dlpAddr attribute indicating
the destination IP address of the first ROUTE session, a
dport attribute indicating the destination port number of the
first ROUTE session and/or a DP-ID attribute (or PLP_ID
attribute) indicating the identifier of a data pipe (physical
layer pipe) for the first ROUTE session. The bsid attribute,
sIlpAddr attribute, dlpAddr attribute, dport attribute and/or
DP_ID attribute may be used as information on a transport
path through which LSID is transmitted. The SDP may be
referred to as S-TSID. The S-TSID is a kind of service layer
signaling (SLS) XML fragment which provides all session
description information for at least one transport session
through which at least one content component of the service
is transmitted.

Specifically, the SDP C620240 may include component
information (s), an originator and session identifier (o),
connection information (c¢), media description (m), an ATSC
mode (a, atsc-mode) and/or TSI information (a, route-tsi).
The contents of the SDP according to the seventh embodi-
ment of the present invention can include the contents of the
aforementioned SDP.

For example, the component information (s) can have a
value of “robust-audio”. The originator and session identi-
fier (0) can have a value of “jdoe 2890844526 2890842807
IN IP4 sIPAdrs1”. The connection information (c) can have
a value of “c=IN IP4 IPAdrs1”. The media description (m)
can have a value of “APPLICATION portl ROUTE/UDP
0”. The ATSC mode (a, atsc-mode) can have a value of
“a=atsc-mode: BCStreamID1,BBPSID1”. The TSI informa-
tion (a, route-tsi) can have a value of “route-tsi: tsi-0”.

A description will be given of the LSID.

The LSID C620300 may include information about an
LCT session included in a ROUTE session. The LSID may
include information identifying a transport session through
which a component for a service is transmitted. The LSID
may be included in each ROUTE session. The LSID may be
transmitted through a specific transport session in the cor-
responding ROUTE session. For example, the LSID
620300 can be identified by a transport session identifier
having a value of “tsi-0”, a transport object identifier having
a value of “t0i-0” and/or URI information having a value of
“IsidUri™.
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The LSID C620300 may include an SSC transport session
element containing information about a transport session
through which an SSC is transmitted, a first transport session
element containing information about a transport session
through which a video component is transmitted and/or a
second transport session element containing information
about a transport session through which an audio component
is transmitted.

Each of the SSC transport session element, the first
transport session element and the second transport session
element may include a tsi attribute which specifies a trans-
port session through which a content component for a
service is transmitted and/or a DP_ID attribute (or PLP_ID
attribute) which indicates the identifier of a data pipe (or
physical layer pipe) associated with the transport session
through which the content component for the service is
transmitted.

In addition, each of the SSC transport session element, the
first transport session element and the second transport
session element may include a SourceFlow element which
provides information about a source flow included in the
corresponding transport session.

The SourceFlow element may include an extended file
delivery table (EFDT) element. The EFDT element may
include the contents of file delivery data in the form of an
extended FDT instance including nominal FDT instance
parameters. The EFDT element may include a FileTemplate
element. The FileTemplate element may indicate a file URL.
The file URL has the same value as the Content-Location
attribute of an FDT. In addition, the FileTemplate element
may indicate a template format for derivation of the file URI.

The SourceFlow element may include an Application-
Identifier element and/or a PayloadFormat element.

The Applicationldentifier element may be referred to as a
ContentInfo element. The ContentInfo element may include
additional information mapped to the service (or application
service) transmitted through the corresponding transport
session. For example, the ContentInfo element can include
a representation 1D of DASH content and/or adaptation set
parameters of DASH media representation in order to select
an LCT transport session for rendering. The representation
ID is an identifier associated with a component for the
service and may be referred to as a Rep_ID attribute.

The PayloadFormat element may be referred to as a
Payload element. The Payload element may include infor-
mation about a payload of a ROUTE packet (or LCT packet)
carrying objects of the source flow. The Payload element
may include a CP attribute. The CP attribute may be referred
to as a codePoint attribute. The codePoint attribute is a
numerical representation of a combination of values speci-
fied for the child elements and attributes of the Payload
element. That is, the codePoint attribute can indicate the type
of payload transmitted by the corresponding packet. In
addition, the CP attribute may be referred to as a formatID
attribute. The format ID attribute may specity a payload
format of a delivery object. For example, the formatID
attribute can indicate one of File Mode, Entity Mode and
Package.

For example, the tsi attribute and the DP_ID attribute
included in the first transport session element can respec-
tively have a value of “tsi-v” and a value of “BBPSID2”.
The FileTemplate element included in the first transport
session element can have a value of http://bc/v-segUrl-
$TO$.mp4, the Rep_ID attribute can have a value of “Rep-
resentation]D-v”” and the CP attribute can indicate “Entity-
Mode”.
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In addition, the tsi attribute and the DP_ID attribute
included in the second transport session element can respec-
tively have a value of “tsi-ra” and a value of “BBPSID1”.
The FileTemplate element included in the second transport
session element can have a value of http:/bc/ra-segUrl-
$TO$.mp4, the Rep_ID attribute can have a value of “Rep-
resentationID-ra” and the CP attribute can indicate “Entity-
Mode”.

The tsi attribute included in the SSC transport session
element can have a value of “tsi-s” and the DP_ID attribute
can have a value of “BBPSID1”. The EFDT element may
include a File element. The File element may include a
Content_ILocation attribute and a TOI attribute. The Con-
tent_Location attribute may indicate a URL associated with
an object having a specific TOI value in the corresponding
transport session. For example, the Content_[.ocation attri-
bute can have a value of “usdUri”. The TOI attribute may
identify an object transmitted through the transport session.
For example, the TOI attribute can have a value of “toi-s-
bundl”. The CP attribute included in a third transport session
element may indicate “FileMode(Meta)”.

A broadcast reception apparatus according to the seventh
embodiment of the present invention can acquire a service
on the basis of signaling data. Specifically, the broadcast
reception apparatus can acquire low level signaling data and
obtain service layer signaling data on the basis of the low
level signaling data. Then, the broadcast reception apparatus
can determine properties of a service using service layer
signaling data (USD). Subsequently, the broadcast reception
apparatus can select at least one component for the service
using service layer signaling data (MPD). For example, the
broadcast reception apparatus can select at least one com-
ponent for the service using at least one representation ID of
the MPD. Then, the broadcast reception apparatus can
acquire information on a transport path through which the
selected at least one component is transmitted using service
layer signaling data (SDP and/or LSID). Subsequently, the
broadcast reception apparatus can acquire service data for
the service on the basis of the information on the transport
path.

FIG. 63 illustrates a method for reducing a signaling size
according to an eighth embodiment of the present invention.

When a corresponding session is transmitted using
ROUTE/DASH transmission and the session description
protocol in a hybrid broadcast network, the eighth embodi-
ment of the present invention can reduce redundancy and
configure minimum necessary signaling information using
the relationship shown in FIG. 63.

Session time information may be optionally included in
LSID. The session time information may be mandatorily
included in the SDP. Accordingly, the session time informa-
tion can be included in the SDP using “t=" value of the SDP.

IP/Port information is not included in the LSID. Since the
SDP describes an IP/Port value at a session level, an ATSC
SDP is defined such that the ATSC SDP describes the IP/Port
information related to transmission of a ROUTE session for
ATSC signaling.

As to TSI information, the LSID describes TSI informa-
tion of all transport sessions constituting a ROUTE session.
The SDP describes transport information or TSI information
about one ROUTE session. When a component is transmit-
ted through ATSC broadcast, information about a data pipe
(or physical layer pipe) to which a transport session through
which the component is transmitted belongs is needed. In
this case, a DP_ID (or PLP_ID) may be added to the SDP
and/or the LSID by being mapped thereto on the basis of the
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TSI information described in the LSID and/or the SDP.
When the DP_ID is added to the SDP, the DP_ID needs to
be described per TSI.

FEC information may be included in the LSID. Although
the FEC information is described in the SDP, the FEC
information is described in Repair Flow of the LSID when
the ROUTE/DASH transmission scheme is used and thus
the value of the FEC information can be used.

Language information is described in the SDP. However,
when the ROUTE/DASH transmission scheme is used, the
language information is described in MPD. Accordingly, the
language information is not defined in the SDP and values
of MPD can be used.

Data rate information is described in the SDP. However,
when the ROUTE/DASH transmission scheme is used, the
data rate information is described in MPD. Accordingly, the
data rate information is not defined in the SDP and values of
MPD can be used.

FIG. 64 illustrates USD according to a ninth embodiment
of the present invention.

The ninth embodiment of the present invention can pro-
vide a method for describing additional attributes for refer-
ence information of session description of the USD (or
SMT) and a method for including additional description
information in the USD.

Referring to FIG. 64(a), the USD (or SMT) may include
a protocolVersion attribute, an atscServiceld attribute, a
globalServiceld attribute, a fullMpdURI attribute, an
atscSdpURI element, a CapabilityDescription element, a
TargetingDescription element, a ContentAdvisoryDescrip-
tion element, a ProgramTitleDescription element, a Content-
LabelDescription element and/or an OriginalServiceldDe-
scription element.

The protocol Version attribute may indicate the protocol
version of an SSC (service signaling channel or service layer
signaling data). For example, the protocolVersion attribute
can include a major_protocol_version attribute which indi-
cates the major version number of a protocol used to
transmit an SSC (service signaling channel, S-TSID and/or
service layer signaling data) for a service and/or a minor_
protocol_version attribute which indicates the minor version
number of the protocol.

The atscServiceld attribute is a unique identifier for
identifying a service. The atscServiceld attribute may refer
to a service entry corresponding to low level signaling data
(LLS, FIC or SLT). The atscServiceld attribute may have the
same value as a service identifier (servicelD) allocated to the
service entry corresponding to the low level signaling data
(LLS, FIC or SLT).

The globalServiceld attribute is a globally unique identi-
fier used for service mapping between 3GPP USD and an
ESG. The globalServiceld attribute may have the same value
as the service identifier (service_id) of the 3GPP USD and
the service identifier (service_id) of the ESG. The global-
Serviceld attribute is a globally unique uniform resource
identifier (URI) for identifying a service. The globalServi-
celd attribute is a unique value within the range of broadcast
stream identifiers (BSID). In addition, the globalServiceld
attribute may be used to access ESG data.

The fullMpdURI attribute indicates information (URL
information or URI information) referring to MPD including
information about all content components of a service
transmitted through at least one of a mobile broadcast
network (LTE broadcast), the Internet (unicast) and a normal
broadcast network (ATSC broadcast or DVB broadcast).

The atscSdpURI element refers to information (URL
information or URI information) indicating an SDP includ-
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ing information about a ROUTE session through which a
service (ATSC service or DVB service) is transmitted. The
atscSdpURI element represents information (URL informa-
tion or URI information) referring to an S-TSID (or
ATSC_SDP) which provides access related parameters with
respect to transport sessions through which service content
is delivered. The atscSdpURI element may include an essen-
tialSdp attribute. Since an ATSC service can be composed of
two or more ROUTE sessions, two or more SDPs describing
a single ROUTE session can be referred to. In this case,
since a receiver cannot be aware of an SDP and a ROUTE
session that need to be received first, the ninth embodiment
of the present invention provides the essentialSdp attribute
such that the receiver preferentially receives an SDP corre-
sponding to an essentialSdp attribute value of “true” and
preferentially acquires a ROUTE session corresponding to
the SDP. When the value of the essentialSdp attribute is not
described, the essentialSdp attribute is defined as a default
value of “true”.

The CapabilityDescription element refers to a descriptor
which describes capability that the receiver needs to have in
order to provide services. The CapabilityDescription attri-
bute may specify capabilities and/or capability groups nec-
essary for the receiver to achieve meaningful reproduction
of service content.

The TargetingDescription element may indicate a target
device to which a service will be provided.

The ContentAdvisoryDescription element may refer to
information about content advisory related to a provided
service. The ContentAdvisoryDescription element may
specify content advisory rating with respect to the provided
service.

The ProgramTitleDescription element may refer to infor-
mation about the title of a service. The ProgramTitleDe-
scription element may indicate the name of a service in a
specific language.

The ProgramTitleDescription element may include a cur-
rent_program_start_time attribute, a current_program_dura-
tion attribute and/or a title_text element.

The current_program_start_time attribute indicates a pro-
gram start time. The current_program_start_time attribute
may indicate a program start time represented as NTP time.

The current_program_duration attribute may indicate a
program duration from the program start time. The program
duration may be represented in seconds.

The title_text element represents actual text which indi-
cates the name of a service. The title_text element may
include a lang attribute. The lang attribute may indicate the
language of the service name.

The ContentlabelDescription element may refer to a
content label of a service. The ContentlabelDescription
element may indicate the name of a component.

The OriginalServiceldDescription element refers to the
original service of the corresponding service. The Original-
ServiceldDescription element may include an originalSer-
viceld attribute. The originalServiceld attribute may refer to
an ID assigned to the original service of the corresponding
service.

FIG. 64(b) shows an example of the CapabilityDescrip-
tion element.

The CapabilityDescription element is composed of a code
and a string which indicate capability, and a CapabilityDe-
scription element value can be represented as a string. A
regular expression of the string may be configured in the
same form as the format used in service announcement.

FIG. 65 illustrates service layer signaling according to the
ninth embodiment of the present invention.
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A broadcast signal C650100 having a specific frequency
may include service data and/or signaling data for a service.
For example, the service can have an identifier of “Srv-
cID1”. The broadcast signal C650100 can be identified by
“BCStreamID1”.

The service data may include base service data for a base
service and/or enhanced service data for an enhanced ser-
vice. The base service may refer to a service of a specific
level. The enhanced service may refer to a service of a
higher level than the base service. For example, the base
service can be an HD service and the enhanced service can
be a UHD service. The base service can be a 2D service and
the enhanced service can be a 3D service.

The base service data may include a base video compo-
nent and/or a base audio component for the base service. The
enhanced service data may include an enhanced video
component and/or an enhanced audio component for the
enhanced service. Each of the base video component and the
enhanced video component may include at least one video
segment including video data. Each of the base audio
component and the enhanced audio component may include
at least one audio segment including audio data.

The broadcast signal C650100 may include a base
ROUTE session and/or an enhanced ROUTE session. The
base service data may be transmitted through the base
ROUTE session and the enhanced service data may be
transmitted through the enhanced ROUTE session. Each of
the base video component and the base audio component
may be transmitted through a specific transport session (e.g.
LCT session) in the base ROUTE session. Each of the
enhanced video component and the enhanced audio com-
ponent may be transmitted through a specific transport
session (e.g. LCT session) in the enhanced ROUTE session.

The signaling data may include low level signaling data
and/or service layer signaling data. For example, the low
level signaling data can include an FIC and/or an SLT. The
low level signaling data may be included in an IP/UDP
packet and transmitted. The service layer signaling data may
be referred to as SLS. The service layer signaling data may
include USD, MPD (or full MPD), SDP (or ATSC SDP)
and/or LSID. The USD, MPD and/or SDP may be transmit-
ted through a service signaling channel (SSC). An SSC
and/or LSID may be transmitted through a specific transport
session of the base ROUTE session.

The base ROUTE session may be identified by a combi-
nation of a source IP address (sIPAdrs2), a destination IP
address (IPAdrs2) and a destination port number (Port2). In
addition, the base ROUTE session may be transmitted
through a first DP (BBPSID1) and/or a second DP
(BBPSID?2). Furthermore, the base ROUTE session may
include a base SSC transport session (tsi-s), a base LSID
transport session (tsi-0), a base video transport session
(tsi-v) and/or a base audio transport session (tsi-ra).

The base SSC transport session (tsi-s) may include at least
one SSC fragment. The at least one SSC fragment may be
identified by a transport object identifier. For example, the
transport object identifier for the SSC fragment can have a
value of “toi-s-bundl”. The USD, MPD and/or SDP may be
transmitted through the SSC transport session.

The base LSID transport session (tsi-0) may include at
least one base LSID fragment. For example, a transport
object identifier for the base LSID can have a value of
“t0i-0”. The base LSID may be transmitted through the base
LSID transport session.

The base video transport session (tsi-v) may include a
base video component. For example, the base video com-
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ponent can include at least one video segment. A transport
object identifier for the video segment may have a specific
value.

The base audio transport session (tsi-ra) may include a
base audio component. For example, the base audio com-
ponent can include at least one audio segment. A transport
object identifier for the audio segment may have a specific
value.

The enhanced ROUTE session may be identified by a
combination of a source IP address (sIPAdrs1), a destination
IP address (IPAdrs1) and a destination port number (Portl).
In addition, the enhanced ROUTE session may be transmit-
ted through a first DP (BBPSID1) and/or a third DP
(BBPSID3). Furthermore, the enhanced ROUTE session
may include an enhanced LSID transport session (tsi-0), an
enhanced video transport session (tsi-ev) and/or an enhanced
audio transport session (tsi-re).

The enhanced LSID transport session (tsi-0) may include
at least one enhanced LSID fragment. For example, a
transport object identifier for the enhanced LSID can have a
value of “t0i-0”. The enhanced LSID may be transmitted
through the enhanced LSID transport session.

The enhanced video transport session (tsi-ev) may include
an enhanced video component. For example, the enhanced
video component can include at least one video segment. A
transport object identifier for the video segment may have a
specific value.

The enhanced audio transport session (tsi-ea) may include
an enhanced audio component. For example, the enhanced
audio component can include at least one audio segment. A
transport object identifier for the audio segment may have a
specific value.

A description will be given of the FIC.

The FIC may include SSC bootstrapping information for
acquiring service layer signaling data transmitted through an
SSC. For example, the SSC bootstrapping information can
include a source IP address (sIPAdres2), a destination IP
address (IPAdrs2), a destination port number (Port2), a
transport session identifier (tsi0-s), a transport object iden-
tifier (toi-s-bundl) and/or USD path information (usdUri),
which are associated with the SSC.

A description will be given of the SSC.

The SSC C650200 may be identified by a transport
session identifier having a value of “tsi-s” and/or a transport
object identifier having a value of “toi-s-bundl”. The SSC
C650200 may include USD C650210, full MPD C650230,
an enhanced SDP C650240 and/or a base SDP C650250.

A description will be given of the USD.

The USD C650210 may describe service layer attributes.
In addition, the USD C650210 may include reference infor-
mation (or URI) referring to the full MPD 650230, the
enhanced SDP C650240 and/or the base SDP C650250. For
example, the USD (bundleDescription/userServiceDescrip-
tion) C650210 can include an atscServiceDescription ele-
ment, a deliveryMethod element and/or an appService ele-
ment. The contents of the USD C650210 can include the
contents of the aforementioned USD. A description will be
given of the USD with reference to the attached drawing.

The atscServiceDescription element may include an
atscSdplUri element for the enhanced SDP and/or an
atscSdp2Uri element for the base SDP. The atscSdplUri
element and/or the atscSdp2Uri element may include infor-
mation (URL information or URI information) referring to
an SDP (or S-TSID) which provides access related param-
eters for transport sessions through which service content is
transmitted. For example, the atscSdplUri element can have
a value of “sdplUri” for referring to the enhanced SDP
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650240 and the atscSdp2Uri element can have a value of
“sdp2Uri” for referring to the base SDP C650250.

In addition, each of the atscSdplUri element and the
atscSdp2Uri element may include an essentialSdp attribute.
For example, the essentialSdp attribute included in the
atscSdplUri element can have a value of “false” and the
essentialSdp attribute included in the atscSdp2Uri element
can have a value of “true”. That is, a broadcast reception
apparatus can acquire the base SDP first on the basis of the
essentialSdp attribute and preferentially receive components
transmitted through the base ROUTE session.

The deliveryMethod element may include an atscAppSer-
vice element. The atscAppService element may include a
first basePattern element for an enhanced video component,
a second basePattern element for a base video component, a
third basePattern element for an enhanced audio component
and a fourth basePattern element for a base audio compo-
nent. Each basePattern element may refer to segment URL
information to which each component is mapped in MPD.
For example, the first basePattern element can have a value
of “ ... bc/rep_id-ev”, the second basePattern element can
have a value of “ . . . be/rep_id-v”, the third basePattern
element can have a value of “ . . . be/rep_id-ea” and the
fourth basePattern element can have a value of “ . . .
be/rep_id-a”.

The appService element may include an appServiceDe-
scriptionURI attribute. The appServiceDescriptionURI attri-
bute indicates information (URL information or URI infor-
mation) referring to MPD including information about all
content components transmitted through a mobile broadcast
network (LTE broadcast), the Internet (unicast) and/or a
normal broadcast network (ATSC broadcast or DVB broad-
cast). For example, the appServiceDescriptionURI attribute
can have a value of “fullMpdUri” referring to the MPD
C650230.

A description will be given of the full MPD.

The full MPD 650230 may include resource identifiers
for individual media components of a linear/streaming ser-
vice. The contents of the full MPD according to the ninth
embodiment of the present invention can include the con-
tents of the aforementioned MPD and/or full MPOD.

The full MPD may include a Period element. The Period
element may include a first AdaptationSet element contain-
ing information about at least one video component and a
second AdaptationSet element containing information about
at least one audio component.

The first AdaptationSet element may include a Represen-
tation element for the enhanced video component and/or a
Representation element for the base video component. The
second AdaptationSet element may include a Representation
element for the enhanced audio component and/or a Repre-
sentation element for the base audio component.

Each Representation element may include an id attribute
(or Rep_ID attribute) identifying a representation, a Seg-
mentTemplate element including segment template informa-
tion and/or a dependencyld attribute indicating at least one
complementary representation on which corresponding rep-
resentation depends in decoding and/or presentation pro-
cesses. The SegmentTemplate element may include a media
attribute including template information for generating a
media segment list.

For example, an id attribute for the enhanced video
component can have a value of “RepresentationID-ev”” and
a media attribute for the enhanced video component can
have a value of “ev-segUrl-$Num$.mp4”.

For example, an id attribute for the base video component
can have a value of “RepresentationID-v”, a dependencyld
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attribute for the base video component can have a value of
“Representation]D-ev” and a media attribute for the base
video component can have a value of “v-segUrl-
$Num$.mp4”.

For example, an id attribute for the enhanced audio
component can have a value of “RepresentationID-ea” and
a media attribute for the enhanced audio component can
have a value of “ea-segUrl-$Num$.mp4”.

For example, an id attribute for the base audio component
can have a value of “Representation]D-ra” and a media
attribute for the base audio component can have a value of
“ra-segUrl-$Num$.mp4”.

A description will be given of the enhanced SDP (SDP1)
C650240.

The enhanced SDP C650240 may include an enhanced
ROUTE session element which provides information about
an enhanced ROUTE session for a service and/or a compo-
nent included in the service. The enhanced ROUTE session
element may include transport path information for the
enhanced ROUTE session.

Specifically, the enhanced SDP 650240 can include
component information (s), an originator and session iden-
tifier (0), connection information (c), media description (m),
an ATSC mode (a, atsc-mode) and/or TSI information (a,
route-tsi). The contents of the enhanced SDP according to
the ninth embodiment of the present invention can include
the contents of the aforementioned SDP.

For example, the component information (s) can have a
value of “robust-audio”. The media description (m) can have
a value of “APPLICATION (portl) ROUTE/UDP 0. The
connection information (¢) can have a value of “IN IP4
(IPAdrs1)”. The ATSC mode (a, atsc-mode) can have a value
of “atsc-mode: (BSStreamID1,BBPSID1)”. The TSI infor-
mation (a, route-tsi) can have a value of “route-tsi: (tsi-0).

A description will be given of the base SDP (SDP2)
C650250.

The base SDP C650250 may include a base ROUTE
session element which provides information about a base
ROUTE session for a service and/or a component included
in the service. The base ROUTE session element may
include transport path information for the base ROUTE
session.

Specifically, the base SDP C650250 can include compo-
nent information (s), an originator and session identifier (o),
connection information (c¢), media description (m), an ATSC
mode (a, atsc-mode) and/or TSI information (a, route-tsi).
The contents of the base SDP according to the ninth embodi-
ment of the present invention can include the contents of the
aforementioned SDP.

For example, the component information (s) can have a
value of “robust-audio”. The media description (m) can have
a value of “APPLICATION (portl) ROUTE/UDP 0. The
connection information (¢) can have a value of “IN IP4
(IPAdrs2)”. The ATSC mode (a, atsc-mode) can have a value
of “atsc-mode: (BSStreamID1,BBPSID1)”. The TSI infor-
mation (a, route-tsi) can have a value of “route-tsi: (tsi-0).

A description will be given of the enhanced LSID
(LSID1) C650300.

The enhanced LSID (LSID1) C650300 may include infor-
mation about an LCT session included in an enhanced
ROUTE session. For example, the enhanced LSID C650300
can be identified by a transport session identifier having a
value of “tsi-0”, a transport object identifier having a value
of “t0i-0” and/or URI information having a value of “Isi-
dUri”.

The enhanced LSID C650300 may include an enhanced
video transport session element containing information
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about a transport session through which an enhanced video
component is transmitted and/or an enhanced audio trans-
port session element containing information about a trans-
port session through which an enhanced audio component is
transmitted.

Each of the enhanced video transport session element and
the enhanced audio transport session element may include a
tsi attribute, a DP_ID attribute (or PLP_ID attribute) and/or
a SourceFlow element. The SourceFlow element may
include an extended file delivery table (EFDT) element, an
Applicationldentifier element and/or a PayloadFormat ele-
ment. The EFDT element may include a FileTemplate ele-
ment. The Applicationldentifier element may be referred to
as a Contentlnfo element. A representation identifier is
related to a component for a service and may be referred to
as a Rep_ID attribute.

The PayloadFormat element may be referred to as a
Payload element. The Payload element may include a CP
attribute. The CP attribute may be referred to as a codePoint
attribute and/or a formatID attribute.

For example, the tsi element included in the enhanced
video transport session element can have a value of “tsi-ev”,
the FileTemplate element can have a value of http:/bc/ev-
segUrl-$TO$.mp4, the Rep_ID attribute can have a value of
“Representation]D-cv” and the CP attribute can indicate
“EntityMode”.

The tsi element included in the enhanced audio transport
session element can have a value of “tsi-ea”, the FileTem-
plate element can have a value of http://bc/ea-segUrl-$TO-
1$.mp4, the Rep_ID attribute can have a value of “Repre-
sentation]D-ea” and the CP attribute can indicate
“EntityMode”.

A description will be given of the base LSID (LSID2)
C650400.

The base LSID (LSID2) C650400 may include informa-
tion about an LCT session included in a base ROUTE
session. For example, the base LSID C650400 can be
identified by a transport session identifier having a value of
“tsi-0”, a transport object identifier having a value of “toi-0”
and/or URI information having a value of “lsidUri”.

The base LSID C650400 may include an SSC transport
session element containing information about a transport
session through which an SSC is transmitted, a base video
transport session element containing information about a
transport session through which a base video component is
transmitted and/or a base audio transport session element
containing information about a transport session through
which a base audio component is transmitted.

Each of the SSC transport session element, the base video
transport session element and the base audio transport
session element may include a tsi attribute, a DP_ID attri-
bute (or PLP_ID attribute) and/or a SourceFlow element.
The SourceFlow element may include an EFDT element, an
Applicationldentifier element and/or a PayloadFormat ele-
ment. The EFDT element may include a FileTemplate ele-
ment. The Applicationldentifier element may be referred to
as a Contentlnfo element. A representation identifier is
related to a component for a service and may be referred to
as a Rep_ID attribute. The PayloadFormat element may be
referred to as a Payload element. The Payload element may
include a CP attribute. The CP attribute may be referred to
as a codePoint attribute and/or a formatID attribute.

For example, the tsi element included in the base video
transport session element can have a value of “tsi-v”, the
FileTemplate element can have a value of http://be/v-segUrl-
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$TOI$.mp4, the Rep_ID attribute can have a value of
“Representation]D-v” and the CP attribute can indicate
“EntityMode”.

The tsi element included in the base audio transport
session element can have a value of “tsi-ra”, the FileTem-
plate element can have a value of http://bc/ra-segUrl-$TO-
1$.mp4, the Rep_ID attribute can have a value of “Repre-
sentation]D-ra” and the CP attribute can indicate
“EntityMode”.

In addition, the tsi element included in the SSC transport
session element can have a value of “tsi-s”. The EFDT
element may include a File element. The File element may
include a Content_Location attribute and a TOI attribute.
For example, the Content_location attribute can have a
value of “usdUri”. The TOI attribute can have a value of
“toi-s-bundl”. In addition, the CP attribute included in the
SSC transport session element can indicate “FileMode
(Meta)”.

A broadcast reception apparatus according to the ninth
embodiment of the present invention can acquire a service
on the basis of signaling data. Specifically, the broadcast
reception apparatus can acquire low level signaling data and
obtain service layer signaling data on the basis of the low
level signaling data. Then, the broadcast reception apparatus
can determine properties of a service using service layer
signaling data (USD). Subsequently, the broadcast reception
apparatus can select at least one component for the service
using service layer signaling data (MPD). For example, the
broadcast reception apparatus can select at least one com-
ponent for the service using at least one representation 1D (or
id attribute) of the MPD. Then, the broadcast reception
apparatus can acquire information on a transport path
through which the selected at least one component is trans-
mitted using service layer signaling data (SDP and/or LSID).
Subsequently, the broadcast reception apparatus can acquire
service data for the service on the basis of the information
on the transport path.

The broadcast reception apparatus according to the ninth
embodiment of the present invention can determine an SDP,
which should be preferentially acquired, through the essen-
tialSDP attribute of the atscSdpURI and receive a compo-
nent transmitted through a ROUTE session corresponding to
the SDP. The broadcast reception apparatus according to the
ninth embodiment of the present invention can perform fast
channel change since the broadcast reception apparatus can
preferentially receive information (LCT session through
which A/V components are transmitted) which is essential
for A/V rendering in case of channel change. In addition, the
ninth embodiment of the present invention can affect
memory buffer management of the broadcast reception
apparatus or operation of the broadcast reception apparatus
according to capabilities.

FIG. 66 illustrates a configuration of signaling data
according to a tenth embodiment of the present invention.

A simple service refers to a case in which service signal-
ing, audio and video are transmitted in a single data pipe (or
physical layer pipe) and service signaling/[.SID are trans-
mitted through a single LCT session. Services other than the
simple service are referred to as full services.

When service signaling is provided in a full service
structure, an SSC can include USD, an SDP, MPD, LSID
and/or signaling data such as InitSegment. A broadcast
reception apparatus can render at least one of an audio
component, a video component and a caption component on
a screen on the basis of the SSC. Service signaling data has
the following relationship.
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The signaling data according to the tenth embodiment of
the present invention may include low level signaling data
and/or service layer signaling data.

The low level signaling data may include an FIC and/or
RRD. The FIC may be referred to as a service list table
(SLT). The FIC may include SSC bootstrapping information
(or SLS bootstrapping information). A broadcast reception
apparatus may participate in a transport session through
which the SSC is transmitted and acquire the SSC on the
basis of the FIC. The contents of the low level signaling data
according to the tenth embodiment of the present invention
can include the contents of the aforementioned low level
signaling data.

The contents of the service layer signaling data according
to the tenth embodiment of the present invention can include
the contents of the aforementioned service layer signaling
data. The following description is based on a difference
between the service layer signaling data according to the
tenth embodiment of the present invention and the afore-
mentioned service layer signaling data.

The service layer signaling data may include USD (or
ATSC_USD), SDP (or ATSC SDP), MPD, LSID and/or an
initialization segment.

The USD may include a protocol_version attribute, a
servicelD attribute, a globalServicelD attribute, a first
atscSdpURI element, a second atscSdpURI element and/or
an MPDUri element.

Each of the first atscSdpURI element and the second
atscSdpURI element may include a URL attribute contain-
ing information about a path through which the ATSC SDP
can be acquired and a version attribute containing version
information of the ATSC SDP. For example, the URL
attribute included in the first atscURI element can include
information about a path through which a first ATSC SDP
C660210 can be acquired and the URL attribute included in
the second atscURI element can include information about
a path through which a second ATSC SDP C660230 can be
acquired.

The MPDUri element may include a URL attribute con-
taining information about a path through which the MPD
can be acquired, a major_version attribute containing major
version information of the MPD and/or a minor_version
attribute containing minor version information of the MPD.

The MPD may include information (URL) about a path
through which the initialization segment can be accessed.
The initialization segment may include initialization infor-
mation for accessing representation. For example, the ini-
tialization segment can include a video initialization seg-
ment [S-V for a video component, an audio initialization
segment IS-A for an audio component and/or a caption
initialization segment IS-C for a caption component.

In addition, the MPD may include information (URL)
about a path through which a media segment can be
accessed. The media segment may include encoded media
content components. For example, the media segment can
include a media segment containing data of an encoded
video component and/or a media segment containing data of
an encoded audio component.

The first ATSC SDP C660210 may include a first ROUTE
session element which provides information about a first
ROUTE session 660310 containing information about a
service and/or a component included in the service. The first
ROUTE session element may include transport path infor-
mation for the first ROUTE session C660310. For example,
the transport path information for the first ROUTE session
C660310 can be used as information on a path through
which a first LSID C660410 is transmitted. The broadcast
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reception apparatus can participate in a transport session
through which the first LSID C660410 is transmitted and
acquire the first LSID C660410.

The second ATSC SDP C660230 may include a second
ROUTE session element which provides information about
a second ROUTE session C660330 containing information
about a service and/or a component included in the service.
The second ROUTE session element may include transport
path information for the second ROUTE session C660330.
For example, the transport path information for the second
ROUTE session C660330 can be used as information on a
path through which a second LSID C660430 is transmitted.
The broadcast reception apparatus can participate in a trans-
port session through which the second LSID C660430 is
transmitted and acquire the second LSID C660430.

The first LSID C660410 may include information about a
transport session (LCT session) in which a video component
is transmitted through the first ROUTE session C660310.
The first LSID C660410 may be transmitted through a
specific transport session in the first ROUTE session
C660310. The broadcast reception apparatus can participate
in a specific transport session on the basis of the first LSID
C660410 and acquire the video component.

The second LSID C660430 may include information
about a transport session (LCT session) in which an audio
component is transmitted through the second ROUTE ses-
sion C660330. The second LSID C660430 may be trans-
mitted through a specific transport session in the second
ROUTE session C660330. The broadcast reception appara-
tus can participate in a specific transport session on the basis
of the second LSID C660430 and acquire the audio com-
ponent.

A broadcast reception apparatus according to the tenth
embodiment of the present invention can acquire a service
on the basis of signaling data. Specifically, the broadcast
reception apparatus can acquire low level signaling data and
acquire service layer signaling data on the basis of the low
level signaling data. Then, the broadcast reception apparatus
can determine properties of a service using service layer
signaling data (USD). Subsequently, the broadcast reception
apparatus can select at least one component for the service
using service layer signaling data (MPD). For example, the
broadcast reception apparatus can select at least one com-
ponent for the service using at least one representation ID of
the MPD. Then, the broadcast reception apparatus can
acquire information on a transport path through which the
selected at least one component is transmitted using the
service layer signaling data (initialization segment, SDP
and/or LSID). Subsequently, the broadcast reception appa-
ratus can acquire service data for the service on the basis of
the information on the transport path.

FIG. 67 illustrates a configuration of the signaling data
according to the tenth embodiment of the present invention.

When a service transmitted through ATSC broadcast is
fully signaled, the tenth embodiment of the present inven-
tion can provide extended USD for reducing channel change
time.

The USD according to the tenth embodiment of the
present invention may include a protocolVersion attribute,
an atscServiceld attribute, a globalServiceld attribute, an
atscSdpUri element and/or a fullMpdUri element.

The protocolVersion attribute may indicate the protocol
version of an SSC (service signaling channel or service layer
signaling data).

The atscServiceld attribute is an identifier which uniquely
identifies a service.
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The globalServiceld attribute is a globally unique identi-
fier identifying a service.

The atscSdpUri element refers to information (URL infor-
mation or URI information) indicating an ATSC SDP
referred to in the USD. The atscSdpUri element indicates
information (URL information or URI information) refer-
ring to S-TSID (or ATSC_SDP) which provides access
related parameters for transport sessions through which
service content is transmitted. The atscSdpUri element may
include a version attribute and/or a URL attribute. The
version attribute may indicate the version information of the
ATSC SDP referred to by the atscSdpUri. The URL attribute
may represent the URL indicating the unique URI of the
atscSdpUri.

The fullMpdUri element may indicate the URL address of
full MPD referred to in the USD. The fullMpdUri element
is information (URL information or URI information) refer-
ring to MPD including information about all content com-
ponents of a service transmitted through a mobile broadcast
network (LTE broadcast), the Internet (unicast) and/or a
normal broadcast network (ATSC broadcast or DVB broad-
cast). The fullMpdUri element may include a URL attribute
containing information about a path through which the MPD
can be acquired, a major_version attribute containing major
version information of the MPD and/or a minor_version
attribute containing minor version information of the MPD.
When configuration information of the MPD is changed and
thus the broadcast reception apparatus cannot perform A/V
rendering using previously received MPD and LCT header
additional information, the value of the major_version attri-
bute can increase. If the broadcast reception apparatus can
perform audio rendering and/or video rendering using pre-
viously received and cached MPD and L.CT header addi-
tional information (e.g. EXT_PRESENTATION_TIME
header), the major_version attribute value is not changed
and the minor_version attribute value can increase.

FIG. 68 illustrates an example of transmitting service
layer signaling data according to transmission intervals
thereof according to the tenth embodiment of the present
invention.

FIG. 68 shows service layer signaling data C681000
according to the tenth embodiment of the present invention.
The service layer signaling data C681000 may include USD,
MPD, SDP, LSID and/or an initialization segment.

According to the tenth embodiment of the present inven-
tion, transmission intervals of service layer signaling data,
USD, MPD, LSID and/or the initialization segment, which
are necessary to render, are shorter than that of the SDP
which describes only transmission information of the LSID.

Accordingly, a broadcast reception apparatus according to
the tenth embodiment of the present invention can reduce
channel change time using version information and/or URI
information of the USD.

A description will be given of a method for managing
version information of the SDP by the broadcast reception
apparatus according to the tenth embodiment of the present
invention.

The broadcast reception apparatus may receive and/or
acquire the service layer signaling data C681000.

The broadcast reception apparatus may compare version
information (version attribute value) of the SDP mapped to
the corresponding uri (uri attribute value) with cached SDP
version information upon reception of the USD.

If the version information of the SDP mapped to the
corresponding uri differs from the cached SDP version
information, the broadcast reception apparatus may newly
receive and/or cache the SDP.
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If the version information of the SDP mapped to the
corresponding uri is identical to the cached SDP version
information, the broadcast reception apparatus may not
receive and/or cache the SDP.

Accordingly, the broadcast reception apparatus may not
compare the version information in the header of Metada-
ta_envelope or parse the SDP, and thus the broadcast recep-
tion apparatus can reduce channel change time by checking
whether the SDP has been changed on the basis of the USD.

For example, the atscSDPURI element of USD C681110
can include path information and/or version information
related to an SDP C681510. The version attribute included
in the atscSDPURI element can have a value of “1” and the
uri attribute can have a value of “SDP_URL,_1".

In addition, the atscSDPURI element of USD C681130
can also include path information and/or version information
related to the SDP C681510. The version attribute included
in the atscSDPURI element can have a value of “1” and the
uri attribute can have a value of “SDP_URL,_1".

The atscSDPURI element of USD C681150 can include
path information and/or version information related to an
SDP C681530. The version attribute included in the
atscSDPURI element can have a value of “2” and the uri
attribute can have a value of “SDP_URL,_2".

Here, it is assumed that the broadcast reception apparatus
receives and/or caches the SDP C681510.

The USD C681110 and the USD C681130 refer to the
same SDP C681510. That is, the broadcast reception appa-
ratus does not re-receive and/or cache the SDP C681510
since the version information of the SDP C681510 mapped
to the corresponding uri is identical to the version informa-
tion of the cached SDP C681510 when the USD C681130 is
received.

However, the USD C681130 and the USD C681150
respectively refer to SDP C681510 and SDP C681530. That
is, the broadcast reception apparatus can receive and/or
cache the SDP C681530 since the version information of the
SDP C681530 mapped to the corresponding uri differs from
the version information of the cached SDP C681510 when
the USD C681150 is received.

A description will be given of a method for managing
version information of MPD by the broadcast reception
apparatus according to the tenth embodiment of the present
invention.

The broadcast reception apparatus may compare version
information (version attribute value) of MPD mapped to the
corresponding MPD uri (uri attribute value) with cached
MPD version information upon reception of the USD.

If the major version (major_version attribute value) of the
MPD is changed, the broadcast reception apparatus may
receive, acquire and/or parse new MPD.

If the major version (major_version attribute value) of the
MPD is not changed and only the minor version (minor-
_version attribute value) thereof is changed, the broadcast
reception apparatus can re-process the MPD using only the
previously cached MPD and LCT header additional attribute
information.

If both the major version and the minor version are not
changed, the broadcast reception apparatus may not receive,
acquire and/or parse the MPD.

Accordingly, the broadcast reception apparatus can
reduce channel change time by checking whether the MPD
is changed on the basis of the USD without comparing
versions in the header of Metadata_envelope or parsing the
MPD.

For example, the fulMPDURI element of the USD
C681110 can include path information and/or version infor-
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mation related to MPD C681210. The major_version attri-
bute included in the fullMPDURI element can have a value
of “2”, the minor_version attribute can have a value of <17
and the uri attribute can have a value of “MPD_URL,_2".

In addition, the fullMPDURI element of the USD
C681130 can include path information and/or version infor-
mation related to MPD C681230. The major_version attri-
bute included in the fullMPDURI element can have a value
of “2”, the minor_version attribute can have a value of <“2”
and the uri attribute can have a value of “MPD_URL,_3".

The fullMPDURI element of the USD C681150 can
include path information and/or version information related
to MPD C681250. The major_version attribute included in
the fullMPDURI element can have a value of “3”, the
minor_version attribute can have a value of “2” and the uri
attribute can have a value of “MPD_URL_4".

Here, it is assumed that the broadcast reception apparatus
receives and/or caches the MPD C681210.

The major version (major_version attribute=2) of the
MPD C681210 referred to in the USD C681110 is identical
to the major version (major_version attribute=2) of the MPD
(681230 referred to in the USD C681130. However, minor
version (minor_vserion attribute=1) of the MPD C681210
referred to in the USD C681110 differs from the minor
version (minor_version attribute=2) of the MPD C681230
referred to in the USD C681130. Accordingly, the broadcast
reception apparatus can re-process (or newly generate) MPD
using only the previously cached MPD C681210 and/or
LCT header additional attribute information when the USD
C681130 is received. For example, the re-processed MPD
can be identical to the MPD C681230. Then, the broadcast
reception apparatus may cache the re-processed MPD.

The major version (major_version attribute=2) of the
MPD C681230 referred to in the USD C681130 differs from
the major version (major_version attribute=3) of the MPD
C681250 referred to in the USD C681150. Accordingly, the
broadcast reception apparatus can receive, acquire and/or
parse the new MPD C681250 when the USD C681150 is
received.

FIG. 69 illustrates an example of transmitting service
layer signaling data according to transmission intervals
thereof according to the tenth embodiment of the present
invention.

FIG. 68 shows service layer signaling data C691000
according to the tenth embodiment of the present invention.
The service layer signaling data C691000 may include USD,
MPD, SDP, LSID and/or an initialization segment.

According to the tenth embodiment of the present inven-
tion, transmission intervals of service layer signaling data,
USD, MPD, LSID and/or the initialization segment, which
are necessary to render, are shorter than the SDP which
describes only transmission information of the LSID.

Accordingly, the broadcast reception apparatus according
to the tenth embodiment of the present invention can reduce
channel change time using version information of the USD.

It is assumed that the broadcast reception apparatus
according to the tenth embodiment of the present invention
does not cache the service layer signaling data before first
time C692100. Accordingly, the broadcast reception appa-
ratus may have no SDP and MPD cached therein. Otherwise,
all SDPs and MPDs cached in the broadcast reception
apparatus may have a default value (0 or null). For example,
version information of an SDP can be “0” and URI infor-
mation thereof can be “null”. Major version information of
MPD can be “0”, minor version information thereof can be
“0” and URI information thereof can be “null”.

10

15

20

25

30

35

40

45

50

55

60

120

The broadcast reception apparatus according to the tenth
embodiment of the present invention may join in the corre-
sponding channel at the first time C692100. For example,
the broadcast reception apparatus can participate in a trans-
port session in which the service layer signaling data
C691000 is transmitted on the basis of SSC bootstrapping
information of low level signaling data.

The broadcast reception apparatus may acquire the USD
C691110 from the service layer signaling data.

Then, the broadcast reception apparatus may acquire the
MPD C691210 and/or the SDP C691510 on the basis of the
USD C691110.

For example, the broadcast reception apparatus can com-
pare version information of the MPD C691210 mapped to
the corresponding MPD uri (uri attribute value) with version
information of MPD cached therein on the basis of the USD
C691110. The full MPDURI element of the USD C691110
may include the path information and/or version information
related to the MPD C691210. The major_version attribute
included in the fullMPDURI element may have a value of
“2”, the minor_version attribute may have a value of “1” and
the uri attribute may have a value of “MPD_URL_2". Since
the major version information (major_version attribute
value) has been changed when the broadcast reception
apparatus joins the channel at the first time 692100, the
broadcast reception apparatus can receive and/or cache the
new MPD C691210.

For example, the broadcast reception apparatus can com-
pare version information (version attribute value) of the SDP
C691510 mapped to the corresponding uri (uri attribute
value) with version information of an SDP cached therein on
the basis of the USD C691110. The atscSDPURI element of
the USD C691110 may include the path information and/or
version information related to the SDP C691510. The ver-
sion attribute included in the atscSDPURI element may have
a value of “1” and the uri attribute may have a value of
“SDP_URL_1”. Since the version information of the SDP
C691510 mapped to the corresponding uri differs from the
version information of the cached SDP when the broadcast
reception apparatus joins the channel at the first time
692100, the broadcast reception apparatus can receive
and/or cache the new SDP C691510.

Subsequently, the broadcast reception apparatus may
acquire an initialization segment C691310 on the basis of
the MPD C691210.

In addition, the broadcast reception apparatus may
acquire LSID C691410 on the basis of the SDP C691510.

Then, the broadcast reception apparatus may acquire
service data (e.g. a video component and an audio compo-
nent) for the corresponding service on the basis of the
initialization segment C691310 and/or the LSID C691410.

The broadcast reception apparatus joining the channel at
the first time C692100 may receive and/or cache the MPD
691210, the initialization segment C691310, the LSID
691410 and/or the SDP C691510 on the basis of the USD
C691110. Consequently, the version information of the SDP
cached in the broadcast reception apparatus can be “1” and
the URI information thereof can be “SDP_URL_1”. In
addition, the major version information of the MPD cached
in the broadcast reception apparatus can be “2”, the minor
version information thereof can be “1” and the URI infor-
mation thereof can be “MPD_URL_2".

The broadcast reception apparatus according to the tenth
embodiment of the present invention may rejoin the corre-
sponding channel at second time C692200. For example, the
broadcast reception apparatus can participate in a transport
session in which the service layer signaling data C691000 is
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transmitted on the basis of the SSC bootstrapping informa-
tion of the low level signaling data.

The broadcast reception apparatus may acquire the USD
C691150 from the service layer signaling data.

Then, the broadcast reception apparatus may acquire the
MPD C691250 and/or the SDP C691550 on the basis of the
USD C691150.

For example, the broadcast reception apparatus can com-
pare version information of the MPD C691250 mapped to
the corresponding MPD uri (uri attribute value) with version
information of MPD cached therein on the basis of the USD
C691150. The fullMPDURI element of the USD C691150
may include the path information and/or version information
related to the MPD C691250. The major_version attribute
included in the fullMPDURI element may have a value of
“2”, the minor_version attribute may have a value of “1”” and
the uri attribute may have a value of “MPD_URL_2". Since
both the major version information (major_version attribute
value) and the minor version information (minor_version
attribute) have not been changed when the broadcast recep-
tion apparatus joins the channel at the second time C692200,
the broadcast reception apparatus does not receive and/or
cache the new MPD C691250.

For example, the broadcast reception apparatus can com-
pare version information of the SDP C691550 mapped to the
corresponding uri (uri attribute value) with version infor-
mation of the SDP cached therein on the basis of the USD
C691150. The atscSDPURI element of the USD C691150
may include the path information and/or version information
related to the SDP C691550. The version attribute included
in the atscSDPURI element may have a value of “2” and the
uri attribute may have a value of “SDP_URIL_2". Since the
version information of the SDP C691550 mapped to the
corresponding uri differs from the version information of the
cached SDP when the broadcast reception apparatus joins
the channel at the second time C692200, the broadcast
reception apparatus can receive and/or cache the new SDP
C691550.

Subsequently, the broadcast reception apparatus may
acquire LSID C691450 on the basis of the SDP C691550.

Then, the broadcast reception apparatus may acquire
service data (e.g. a video component and an audio compo-
nent) for the corresponding service on the basis of the LSID
C691450.

The broadcast reception apparatus joining the channel at
the second time C692200 may receive and/or cache the
LSID C691450 and/or the SDP C691550 on the basis of the
USD C691150. Consequently, the version information of the
SDP cached in the broadcast reception apparatus can be “2”
and the URI information thereof can be “SDP_URL_2”. In
addition, the major version information of the MPD cached
in the broadcast reception apparatus can be “2”, the minor
version information thereof can be “1” and the URI infor-
mation thereof can be “MPD_URL_2”. That is, the broad-
cast reception apparatus does not additionally receive the
MPD C691250 and/or an initialization segment C691350
since version information thereof is identical to the version
information of the cached MPD and initialization segment.

Consequently, the broadcast reception apparatus can
reduce channel change time on the basis of version infor-
mation.

FIG. 70 illustrates a configuration of signaling data
according to a thirteenth embodiment of the present inven-
tion.

Service layer signaling data for ATSC broadcast trans-
mission according to the thirteenth embodiment of the
present invention may include USD, SDP, MPD, LSID
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and/or an initialization segment (or InitSegment). A broad-
cast reception apparatus can render an audio component, a
video component and/or a caption component on a screen on
the basis of an SSC. The thirteenth embodiment of the
present invention can provide a method for transmitting
bootstrapping information of two or more ROUTE sessions
which form a single service and/or service layer signaling
data in a modified structure by extending the SDP.

The signaling data according to the thirteenth embodi-
ment of the present invention may include low level signal-
ing data and/or service layer signaling data.

The low level signaling data may include an FIC. The
contents of the low level signaling data according to the
thirteenth embodiment of the present invention can include
the contents of the aforementioned low level signaling data.

The contents of the service layer signaling data according
to the thirteenth embodiment of the present invention can
include the contents of the aforementioned service layer
signaling data. The following description is based on a
difference between the service layer signaling data accord-
ing to the thirteenth embodiment of the present invention
and the aforementioned service layer signaling data.

The service layer signaling data may include USD (or
ATSC_USD), SDP (or ATSC SDP), MPD, LSID and/or an
initialization segment.

The USD may include a protocol_version attribute, a
servicelD attribute, a globalServicelD attribute, an
atscSdpURI element and/or an MPDUri element.

The atscSdpURI element may include a URL attribute
containing information about a path through which the
ATSC SDP can be acquired and a version attribute contain-
ing version information of the ATSC SDP. For example, the
URL attribute included in the atscURI element can include
information about a path through which the ATSC SDP can
be acquired.

The MPDUri element may include a URL attribute con-
taining information about a path through which the MPD
can be acquired, a major_version attribute containing major
version information of the MPD and/or a minor_version
attribute containing minor version information of the MPD.

The MPD may include information (URL) about a path
through which the initialization segment can be accessed.
The MPD may include information (URL) about a path
through which a media segment can be accessed. For
example, the media segment can include a media segment
containing data of an encoded video component and/or a
media segment containing data of an encoded audio com-
ponent. The media data including the data of the encoded
video component may be transmitted through a first ROUTE
session C700310. The media data including the data of the
encoded audio component may be transmitted through a
second ROUTE session C700330.

The ATSC SDP may include bootstrapping (LSID trans-
port) information of at least one ROUTE session constitut-
ing an ATSC service. The bootstrapping information of the
ROUTE session may be information for acquiring informa-
tion about the ROUTE session. For example, the informa-
tion about the ROUTE session can be LSID. The bootstrap-
ping information of the ROUTE session may be information
for acquiring LSID. The ATSC SDP may include a first
ROUTE session element and/or a second ROUTE session
element.

The first ROUTE session element may include informa-
tion about the first ROUTE session C700310 containing
information about a service and/or a component included in
the service. The first ROUTE session element may include
transport path information for the first ROUTE session
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C700310. For example, the transport path information for
the first ROUTE session C700310 can be used as informa-
tion on a path through which a first LSID C700311 is
transmitted. The broadcast reception apparatus can partici-
pate in a transport session through which the first LSID
C700311 is transmitted and acquire the first LSID C700311.

The second ROUTE session element may include infor-
mation about the second ROUTE session C700330 contain-
ing information about a service and/or a component included
in the service. The second ROUTE session element may
include transport path information for the second ROUTE
session C700330. For example, the transport path informa-
tion for the second ROUTE session C700330 can be used as
information on a path through which a second LSID
C700331 is transmitted. The broadcast reception apparatus
can participate in a transport session through which the
second LSID C700331 is transmitted and acquire the second
LSID C700331.

The first LSID C700311 may include information about at
least one transport session (LCT session), which is trans-
mitted through the first ROUTE session C700310. The first
LSID C700311 may be transmitted through a specific trans-
port session in the first ROUTE session C700310. The
broadcast reception apparatus can participate in a specific
transport session on the basis of the first LSID C700311 and
acquire a component.

The second LSID C700331 may include information
about at least one transport session (LCT session), which is
transmitted through the second ROUTE session C700330.
The second LSID C700331 may be transmitted through a
specific transport session in the second ROUTE session
C700330. The broadcast reception apparatus can participate
in a specific transport session on the basis of the second
LSID C700331 and acquire a component.

The broadcast reception apparatus according to the tenth
embodiment of the present invention can acquire a service
on the basis of signaling data. Specifically, the broadcast
reception apparatus can acquire low level signaling data and
acquire service layer signaling data on the basis of the low
level signaling data. Then, the broadcast reception apparatus
can determine properties of a service using service layer
signaling data (USD). Subsequently, the broadcast reception
apparatus can select at least one component for the service
using service layer signaling data (MPD). For example, the
broadcast reception apparatus can select at least one com-
ponent for the service using at least one representation ID of
the MPD. Then, the broadcast reception apparatus can
acquire information on a transport path through which the
selected at least one component is transmitted using service
layer signaling data (initialization segment, SDP and/or
LSID). Subsequently, the broadcast reception apparatus can
acquire service data for the service on the basis of the
information on the transport path.

FIG. 71 illustrates an SDP according to the thirteenth
embodiment of the present invention.

Referring to FIG. 71(a), an ATSC SDP C710200 may
include bootstrapping (LSID transport) information of at
least one ROUTE session constituting an ATSC service. The
ATSC SDP C710200 may include a first ROUTE session
element C710210 and/or a second ROUTE session element
C710220.

For example, the ROUTE session element can include a
bsid attribute which indicates the identifier of a broadcast
stream in which a content component of a service is trans-
mitted, an sIpAddr attribute which indicates the source IP
address of a corresponding ROUTE session, an dlpAddr
attribute which indicates the destination IP address of the
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ROUTE session, a dport attribute which indicates the des-
tination port number of the ROUTE session and/or a PLPID
attribute which indicates a physical layer parameter for the
ROUTE session.

Referring to FIG. 71(5), the ROUTE session element may
include media description (m), connection information (c), a
source filter (a, source-filter) and/or an ATSC mode (a,
atsc-mode) according to another embodiment.

The media description (m) may indicate the name of
media and/or the description port of the corresponding
ROUTE session. For example, the media description (m)
can be represented as “application (Port) ROUTE/UDP 0”.

The connection information (¢) may indicate the destina-
tion IP address of the ROUTE session. For example, the
connection information (c¢) can be represented as “IN (ver-
sion) (destinationIPaddress)”.

The source filter (a, source-filter) may indicate a source IP
address. For example, the source filter (a) can be represented
as “source-filter: incl IN (version) (sourcelPaddress)”.

The ATSC mode (a, atsc-mode) may indicate the ID of a
transport stream in which LSID of the ROUTE session is
transmitted and/or the ID of a data pipe (or PLP) through
which the LSID of the ROUTE session is transmitted when
the ATSC broadcast mode is used. For example, the ATSC
mode (a, atsc-mode) can be represented as “atsc-mode:
(broadcastStreamID, dataPipelD)”.

Referring back to FIG. 71(a), the first ROUTE session
element C710210 may include information about a first
ROUTE session C710310. The first ROUTE session ele-
ment C710210 may include transport path information for
the first ROUTE session C710310. For example, the trans-
port path information for the first ROUTE session C710310
can be used as information on a path through which first
LSID C710311 is transmitted. The broadcast reception appa-
ratus can participate in a transport session in which the first
LSID C710311 is transmitted on the basis of the transport
path information and acquire the first LSID C710311.

For example, the media description (m) included in the
first ROUTE session element C710210 can have a value of
“application destUDPPortl ROUTE/UDP 0”, the connec-
tion information (c) included therein can have a value of “IN
1P4 destIPAddr1”, the source filter (a) included therein can
have a value of “source-filter: incl IN IP4 sourcelPAddr1”
and the ATSC mode (a, atsc-mode) included therein can
have a value of “atsc-mode: (BCStreamID1, DP_ID1)”.

The second ROUTE session element C710220 may
include information about a second ROUTE session
C710330. The second ROUTE session element C710220
may include transport path information for the second
ROUTE session C710330. For example, the transport path
information for the second ROUTE session C710330 can be
used as information on a path through which second LSID
C710331 is transmitted. The broadcast reception apparatus
can participate in a transport session in which the second
LSID C710331 is transmitted on the basis of the transport
path information and acquire the second LSID C710331.

For example, the media description (m) included in the
second ROUTE session element C710220 can have a value
of “application destUDPPort2 ROUTE/UDP 07, the connec-
tion information (¢) included in the second ROUTE session
element C710220 can have a value of “IN IP4 destIPAddr2”,
the source filter (a) included in the second ROUTE session
element C710220 can have a value of “source-filter: incl IN
1P4 sourcelPAddr2” and the ATSC mode (a, atsc-mode)
included in the second ROUTE session element C710220
can have a value of “atsc-mode: (BCStreamID1, DP_ID2)”.
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FIG. 72 illustrates service layer signaling according to the
thirteenth embodiment of the present invention.

A broadcast signal C720100 having a specific frequency
may include service data and/or signaling data for a service.
For example, the service can have an identifier of “Srv-
cID1”. The broadcast signal C720100 can be identified by
“BCStreamID1”.

The service data may include base service data for a base
service and/or enhanced service data for an enhanced ser-
vice.

The broadcast signal C720100 may include a base
ROUTE session and/or an enhanced ROUTE session. The
base service data may be transmitted through the base
ROUTE session and the enhanced service data may be
transmitted through the enhanced ROUTE session.

The signaling data may include low level signaling data
and/or service layer signaling data. For example, the low
level signaling data can include an FIC. The service layer
signaling data may include USD, MPD (or full MPD), SDP
(or ATSC SDP) and/or LSID.

The base ROUTE session may be identified by a combi-
nation of a source IP address (sIPAdrs2), a destination IP
address (IPAdrs2) and a destination port number (Port2). In
addition, the base ROUTE session may be transmitted
through a first DP (DP_ID2). Furthermore, the base ROUTE
session may include a base SSC transport session (tsi-s), a
base LSID transport session (tsi-0), a base video transport
session (tsi-v) and/or a base audio transport session (tsi-ra).

The enhanced ROUTE session may be identified by a
combination of a source IP address (sIPAdrs1), a destination
1P address (IPAdrs1) and a destination port number (Port1).

In addition, the enhanced ROUTE session may be trans-
mitted through a first DP (DP_ID1). Furthermore, the
enhanced ROUTE session may include an enhanced LSID
transport session (tsi-0), an enhanced video transport session
(tsi-ev) and/or an enhanced audio transport session (tsi-re).

The contents of the broadcast signal C720100 can include
the contents of the aforementioned broadcast signal. The
following description is based on a difference between the
broadcast signal C720100 and the aforementioned broadcast
signal.

A description will be given of the FIC.

The FIC may include SSC bootstrapping information for
acquiring service layer signaling data transmitted through an
SSC.

A description will be given of the SSC.

The SSC C720200 may be identified by a transport
session identifier having a value of “tsi-s” and/or a transport
object identifier having a value of “toi-s-bundl”. The SSC
(720200 may include USD C720210, MPD C720230 and/
or an SDP C720240.

A description will be given of the USD (bundleDescrip-
tion/userServiceDescription).

The USD C720210 may describe service layer attributes.
In addition, the USD C720210 may include reference infor-
mation (or URI) referring to the MPD C720230 and/or the
SDP C720240. For example, the USD C720210 can include
an atscServicelD attribute, fullMpdUri attribute and/or a
deliveryMethod element.

The atscServiceld attribute is an identifier uniquely iden-
tifying a service. For example, the atscServiceld attribute
can have a value of “SrvID1”.

The fullMpdUri attribute represents information (URL
information or URI information) referring to MPD, includ-
ing information about all content components of a service,
transmitted through a mobile broadcast network (LTE
broadcast), the Internet (unicast) and/or a normal broadcast
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network (ATSC broadcast or DVB broadcast). For example,
the fullMpdUri attribute can have a value of “mpdUri”.

The deliveryMethod element may include an atscSdpURI
element, a first atscBroadcastAppService element and/or a
second atscBroadcastAppService element.

The atscSdpURI element may include information (URL
information or URI information) referring to an SDP (or
S-TSID) which provides access related parameters for trans-
port sessions delivering service content. For example, the
atscSdpURI element can have a value of “sdpUri” referring
to the SDP C720240.

The first atscBroadcastAppService element may include a
DP_ID attribute which identifies a data pipe through which
component data for a service is transmitted, a first basePat-
tern element for a base video component and/or a second
basePattern element for a base audio component. For
example, the DP_ID attribute can have a value of
“DP_ID2”, the first basePattern element can have a value of
“. .. bc/(Representation]D-v)” and the second basePattern
element can have a value of “ . . . be/(RepresentationID-a)”.

The second atscBroadcastAppService element may
include a DP_ID attribute which identifies a data pipe
through which component data for a service is transmitted,
a third basePattern element for an enhanced video compo-
nent and/or a fourth basePattern element for an enhanced
audio component. For example, the DP_ID attribute can
have a value of “DP_ID1”, the third basePattern element can
have a value of “ . . . be/(RepresentationID-ev)” and the
fourth basePattern element can have a value of “ . . .
bc/(RepresentationID-ea)”.

A description will be given of the MPD.

The MPD C720230 may include a Period element. The
Period element may include a first AdaptationSet element
containing information about at least one video component
and a second AdaptationSet element containing information
about at least one audio component.

The first AdaptationSet element may include a Represen-
tation element for the enhanced video component and/or a
Representation element for the base video component. The
second AdaptationSet element may include a Representation
element for the enhanced audio component and/or a Repre-
sentation element for the base audio component.

Each Representation element may include an id attribute
(or Rep_ID attribute) identifying a representation, a Seg-
mentTemplate element including segment template informa-
tion and/or a dependencyld attribute indicating at least one
complementary representation on which corresponding rep-
resentation depends in decoding and/or presentation pro-
cesses. The SegmentTemplate element may include a media
attribute including template information for generating a
media segment list.

For example, an id attribute for the enhanced video
component can have a value of “RepresentationID-ev”, a
dependencyld attribute for the enhanced video component
can have a value of “Representation]D-v” and a media
attribute for the enhanced video component can have a value
of “ev-segUrl-$Num$.mp4”.

For example, an id attribute for the base video component
can have a value of “Representation]D-v” and a media
attribute for the base video component can have a value of
“v-segUrl-$Num$.mp4”.

For example, an id attribute for the enhanced audio
component can have a value of “RepresentationID-ea” and
a media attribute for the enhanced audio component can
have a value of “ea-segUrl-$Num$.mp4”.
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For example, an id attribute for the base audio component
can have a value of “Representation]D-ra” and a media
attribute for the base audio component can have a value of
“ra-segUrl-$Num$.mp4”.

A description will be given of the SDP C720240.

The SDP 720240 may include an enhanced ROUTE
session element which provides information about an
enhanced ROUTE session and/or a base ROUTE session
element which provides information about a base ROUTE
session.

The enhanced ROUTE session element and/or the base
ROUTE session element may include media description
(m), connection information (c), a source filter (a, source-
filter) and/or an ATSC mode (a, atsc-mode).

For example, media description (m) for the enhanced
ROUTE session can have a value of “application destUDP-
Portl ROUTE/UDP 07, the connection information (c) for
the enhanced ROUTE session can have a value of “IN IP4
destIPAddrl”, the source filter (a) for the enhanced ROUTE
session can have a value of “source-filter: incl IN IP4
sourcelPAddr1” and the ATSC mode (a, atsc-mode) for the
enhanced ROUTE session can have a value of “atsc-mode:
(DP_ID1)”.

For example, media description (m) for the base ROUTE
session can have a value of “application destUDPPort2
ROUTE/UDP 07, the connection information (c) for the base
ROUTE session can have a value of “IN IP4 destIPAddr2”,
the source filter (a) for the base ROUTE session can have a
value of “source-filter: incl IN IP4 source]PAddr2” and the
ATSC mode (a, atsc-mode) for the base ROUTE session can
have a value of “atsc-mode: (DP_ID2)”.

A description will be given of the enhanced LSID 720300.

For example, a tsi attribute included in an enhanced video
transport session element can have a value of “tsi-ev”, a
FileTemplate element included in the enhanced video trans-
port session element can have a value of http://bc/ev-segUri-
$TO$.mp4, a Rep_ID attribute included in the enhanced
video transport session element can have a value of “Rep-
resentation]D-ev” and a CP attribute included in the
enhanced video transport session element can indicate “Enti-
tyMode”.

A tsi attribute included in an enhanced audio transport
session element can have a value of “tsi-ea”, a FileTemplate
element included in the enhanced audio transport session
element can have a value of http://bc/ea-segUri-$TO$.mp4,
a Rep_ID attribute included in the enhanced audio transport
session element can have a value of “RepresentationID-ea”
and a CP attribute included in the enhanced audio transport
session element can indicate “EntityMode”.

A description will be given of base LSID C720400.

For example, a tsi attribute included in a base video
transport session element can have a value of “tsi-v”, a
FileTemplate element included in the base video transport
session element can have a value of http://bc/v-segUri-
$TO$.mp4, a Rep_ID attribute included in the base video
transport session element can have a value of “Representa-
tionID-v” and a CP attribute included in the base video
transport session element can indicate “EntityMode”.

A tsi attribute included in a base audio transport session
element can have a value of “tsi-ra”, a FileTemplate element
included in the base audio transport session element can
have a value of http://bc/ra-segUri-$TOS$.mp4, a Rep_ID
attribute included in the base audio transport session element
can have a value of “RepresentationID-ra” and a CP attribute
included in the enhanced audio transport session element
can indicate “EntityMode”.
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A tsi attribute included in an SSC transport session
element may have a value of “tsi-s”. An EFDT element may
include a File element. The File element may include a
Content-Location attribute and a TOI attribute. For example,
the Content-Location attribute can have a value of “usdUri”.
The TOI attribute can have a value of “toi-s-bundl”. A CP
attribute included in the SSC transport session element can
have a value of “FileMode(Meta).

FIG. 73 illustrates service layer signaling according to the
thirteenth embodiment of the present invention.

Service layer signaling according to the thirteenth
embodiment of the present invention can provide a method
for reducing SDP redundancy.

An SSC C730100 may include USD C730110, an
enhanced video SDP C730131, a base video SDP C730133,
a base audio SDP C730135 and/or an SSC SDP C730137.

The USD C730110 may include a serviced attribute. For
example, the servicelD attribute can have a value of “GUSI-
1”.

In addition, the USD C730110 may include path infor-
mation for the enhanced video SDP C730131, the base video
SDP C730133, the base audio SDP C730135 and/or the SSC
SDP C730137.

Each of the enhanced video SDP C730131, the base video
SDP C730133, the base audio SDP C730135 and the SSC
SDP C730137 may include component information (s), an
originator and session identifier (0), a source filter (a),
connection information (c¢), media description (m), an ATSC
mode (a, atsc-mode) and/or TSI information (a, route-tsi or
flute-tsi).

A description will be given of LSID 730300.

The LSID C730300 may include an enhanced video
transport session element, a base video transport session
element, a base audio transport session element and/or an
SSC transport session element. The contents of the LSID
C730300 can include the contents of the aforementioned
LSDI.

An SSC C730200 according to the thirteenth embodiment
of the present invention may include USD C730210 and/or
an SDP C730230. The SSC C730200 can reduce redundancy
by including a single SDP C730230, compared to the SSC
C730100.

For example, the SDP C730230 can include component
information (s), an originator and session identifier (o), a
source filter (a), connection information (c), media descrip-
tion (m), an ATSC mode (a, atsc-mode) and/or TSI infor-
mation (a, route-tsi or flute-tsi).

The SDP C730230 may include an ATSC mode (a=atsc-
mode: BCStreamID1,BBPSID3) and/or TSI information
(a=route-tsi: (tsi-ev)) for an enhanced video component. In
addition, the SDP C730230 may include an ATSC mode
(a=atsc-mode: BCStreamID1,BBPSID2) and/or TSI infor-
mation (a=route-tsi: (tsi-v)) for a base video component.
Furthermore, the SDP C730230 may include an ATSC mode
(a=atsc-mode: BCStreamID1,BBPSID1) and/or TSI infor-
mation (a=route-tsi: (tsi-a), (tsi-se), (tsi-0)) for an SSC
component.

An SSC C730400 according to the thirteenth embodiment
of the present invention can further reduce redundancy by
including an SDP modified from the SDP C730230. The
modified SDP may include only bootstrapping information
of'a ROUTE session. The broadcast reception apparatus can
further reduce SDP redundancy by discovering a transport
session ID (tsi) list, which is described per transport DP, in
LSID and matching the tsi list to data pipes.

For example, the modified SDP can include media
description (m=application destUDPPort] ROUTE/UDP 0),
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connection information (c=IN IP4 destIPAddrl), a source
filter (a=source-filter: incl IN IP4 sourceIDAddrl) and/or an
ATSC mode (a=atsc-mode: (DP_ID1).

FIG. 74 illustrates a signaling structure for signaling
capabilities of a receiver for using broadcast services/con-
tent according to an embodiment of the present invention.

According to an embodiment of the present invention,
USD may include CapabilityDescription. Capability infor-
mation which is signaled by signaling information may
include essential capability information indicating capabili-
ties that need to be essentially described to render a specific
broadcast service or broadcast content (broadcast service/
content). While the capability information is non-essential
for broadcast service/content rendering, a receiver having
supportable capability may include information about nor-
mal capability for enabling execution of a specific function.
That is, the capability information can be classified into
essential capability information and normal capability infor-
mation.

Unless the capability information is classified into essen-
tial capability information and normal capability informa-
tion, the broadcast receiver can receive and render specific
broadcast services/content but the receiver may skip the
broadcast service/content. To solve this problem, the present
invention can additionally signal essential_flag information,
which indicates whether corresponding capability informa-
tion is essential capability information, for capability_code
information.

Referring to FIG. 74(a), USD according to an embodi-
ment of the present invention may include @protocolVer-
sion information, @atscServiceld information, @fullMp-
dUri information, a CapabilityDescription eclement, a
capability_code element, @essential_flag information, a
TargetingDescription element, a ContentAdvisoryDescrip-
tion element, a ProgramTitleDescription element, a name
element, @lang information, a servicelL.anguage element, a
requiredCapabilities element and/or a feature element.

The @protocol Version information indicates the protocol
version of the USD.

The @atscServiceld information identifies a broadcast
service.

The @fullMpdUri information indicates the URI of the
location to which full MPD is provided.

The CapabilityDescription element may include informa-
tion which specifies capability required for a receiver for
meaningful presentation of broadcast services/content.

The capability_code element may include information
indicating capability required for the receiver to enable
meaningful presentation of broadcast services/content. The
capability_code element may include information specify-
ing capability type and/or information indicating standards
of required capability per capability.

The @essential_flag information indicates whether spe-
cific capability is essential for broadcast service/content
rendering. The @essential_flag information may correspond
to information indicating whether capability specified by the
capability_code element corresponds to essential capability
information or normal capability information. The @essen-
tial_flag information may indicate whether capability infor-
mation corresponds to essential capability information about
capability essentially necessary to render a broadcast service
or broadcast content or normal capability information about
capability which is not essential for rending the broadcast
service or broadcast content but is necessary to process a
specific element included in the broadcast service or broad-
cast content.
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The TargetingDescription element may include data and/
or information about a target to which broadcast services
will be provided.

The ContentAdvisoryDescription element may include
data and/or information for conditional access.

The ProgramTitleDescription may include information
indicating the title of a broadcast program.

The name element may indicate the name of a service,
provided by the @lang information. The name element may
include the @lang information indicating the language of
the service name. The language may be specified according
to XML data type.

The serviceL.anguage element includes information speci-
fying a language in which a broadcast service is provided.

The requiredCapabilities element may include informa-
tion indicating receiver capability required for a specific
service.

The feature element may include information specifying
a specific service included in broadcast services.

Referring to FIG. 74(b), a capability code specifies capa-
bility that supports HD (High Definition) and the essential-
_flag with respect to the capability code is set to “true”.
Accordingly, the receiver needs to have HD processing
capability in order to render a corresponding broadcast
service/content. However, when a capability code specifies
capability supporting HDR (High Dynamic Range) and the
essential_flag with respect to the capability code is set to
“false”, the receiver can process HDR for the corresponding
broadcast service/content when the receiver supports HDR
capability.

When a capability code specifies capability that supports
UHD (Ultra High Definition) and the essential_flag with
respect to the capability code is set to “true”, the receiver
needs to have capability to process UHD in order to render
the corresponding broadcast service/content

According to the present invention, the receiver can
control the quality and property of a broadcast service/
content provided thereto in consideration of device capabil-
ity and capability information according to CapabilityDe-
scription upon reception of signaling information.

When the essential_flag is not present, a receiver having
capability lower than capability indicated by capability
information cannot receive a corresponding broadcast ser-
vice/content or has to skip the broadcast service/content
even if the receiver receives the same irrespective of whether
the capability information is essential capability information
or normal capability information. When the essential_flag is
used, however, a receiver which has no capability indicated
by normal capability information but has capability indi-
cated by essential capability information can receive and
render a corresponding broadcast service/content.

FIG. 75 illustrates a procedure by which a receiver
accesses a broadcast service/content using a signaling struc-
ture according to an embodiment of the present invention.

The receiver acquires an FIC (or SLT) from a broadcast
signal. Data specified by a specific IP address and UDP
number may correspond to the FIC in the broadcast signal,
and the receiver may acquire the FIC by obtaining the data
provided with the IP address and UDP number. The receiver
may acquire minimum capability information (min_capa-
bility_profile information) required for the receiver for a
broadcast service specified by servicelD information. The
minimum capability information may specify minimum
capability of the receiver, which is necessary to decode one
or more broadcast services belonging to the range of the
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FIC. In the present embodiment, HD processing capability
corresponds to the minimum capability required for the
receiver.

The receiver may recognize a session or location at which
service level signaling information (service layer signaling
information or a service signaling channel) is transmitted
using information included in the FIC. The receiver may
recognize that data delivered through a transport session
identified by specific TSI information and/or TOI informa-
tion correspond to service level signaling information.

The receiver acquires MPD using @fullMpdUri informa-
tion contained in USD included in the service level signaling
information. The receiver presents the corresponding broad-
cast service/content using information included in the MPD.

The receiver may acquire an SDP using information
included in the USD.

The receiver acquires a CapabilityDescription element in
the USD included in the service level signaling information.
The receiver may be aware that capability for rendering the
broadcast service/content corresponds to HD or UHD and
capability indicated by normal capability information for the
corresponding broadcast service/content corresponds to
HDR processing capability using information contained in
the CapabilityDescription element.

The receiver may access a transport session delivering
data provided for corresponding specifications according to
whether to process the broadcast service/content as HD
service/content or UHD service/content. The receiver may
access a transport session delivering specific data using
information such as LSID.

In the present embodiment, when Representationld is
“ev”, this indicates a component for UHD. When Represen-
tationld is “v”, this indicates a component for HD.

FIG. 76 illustrates USD which provides information about
a transport session in which data of a broadcast service/
content is transmitted according to an embodiment of the
present invention.

Referring to FIG. 76(a), when information contained in a
deliveryMethod element of the USD indicates transmission
of a component of the broadcast service/content using the
ROUTE protocol of ATSC broadcast, information about
location at which LSID including information for accessing
a ROUTE session is transmitted may be additionally
included in the USD.

According to the present invention, a unified signaling
method can be used for a broadcast system since information
necessary for a receiver to acquire a component can be
signaled through information of the USD. In addition, when
the value of atsc-mode, which is an attribute added to the
SDP, is defined, the present invention can indicate the
attribute value of atsc-mode using a corresponding broadcast
stream id only although the attribute value should be set by
combining the broadcast stream id and the corresponding
DP_ID in conventional schemes.

Referring to FIG. 76(a), the USD may include the deliv-
eryMethod element, an r7:unicastAccessURI element, a
basePattern element, an r8:alternativeAccessDelivery ele-
ment, a unicastAccessURI element, timeShiftBuffer attri-
bute information, an rl2:broadcastAppService element,
@serviceArea information, rl12:unicastAppservice element,
an atscBroadcastAppService element, @DP_ID informa-
tion, @BroadcastStreamID information, @IPAddr informa-
tion, @UDPPort information, @TSI information, an
atscSdpURI element and/or @LSID_DP_ID information in
addition to the information and/or elements included in the
aforementioned USD.
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The deliveryMethod element may include data and/or
information about a method for delivering broadcast ser-
vices.

The r7:unicastAccessURI element may include URI
information for accessing a broadcast service transmitted
through a broadband network.

The basePattern element may include the aforementioned
base URI information. The basePattern element may be a
character pattern used by a receiver to be matched to all parts
of a segmented URL used by a DASH client to request
media segmentation of parent representation in a corre-
sponding period. Matching refers to delivery of the
requested media segmentation through broadcast transport.
The basePattern element may indicate a base pattern used to
recognize the location of a specific service in a method of
transmitting the specific service according to transport
mode.

The r8:alternativeAccessDelivery element includes data
and/or information about an alternative method for deliver-
ing a broadcast service.

The unicastAccessURI element includes information
indicating the URI of the location to which a broadcast
service delivered by the alternative method is provided when
the broadcast service is transmitted through a broadband
network.

The timeShiftBuffer attribute information includes infor-
mation about data and/or information about a buffer for time
shifting.

The r12:broadcastAppService element includes data and/
or information about a service delivered through a broadcast
network.

The serviceArea element may include information speci-
fying an area to which a service is provided or the type of
the service.

The rl2:unicastAppService element may include data
and/or information about a service delivered through a
broadband network.

The atscBroadcastAppService element includes informa-
tion and/or an element about a service delivered through the
broadcast network.

The @DP_ID information identifies a data pipe delivering
a service.

The @BroadcastStreamID information identifies a broad-
cast stream (or broadcasting station) delivering a service.

The @IPAddr information indicates the IP address of the
location to which a service is provided.

The @UDPPort information indicates the UDP number of
the location to which data included in a service is transmit-
ted.

The @TSI information identifies a transport session
through which data included in a service is transmitted.

The atscSdpURI element may include information which
identifies a URI indicating the location to which an ATSC
SDP is provided.

The @LSID_DP_ID information identifies a data pipe
including LSID.

Referring to FIG. 76(b), the receiver may acquire an SDP
or LSID from a data pipe indicated by the @L.SID_DP_ID
information included in the USD.

FIG. 77 illustrates a procedure by which a receiver
accesses a broadcast service/content using a signaling struc-
ture according to an embodiment of the present invention.

The receiver acquires an FIC (or SLT) from a broadcast
signal. Data specified by a specific IP address and UDP
number may correspond to the FIC in the broadcast signal,
and the receiver may acquire the FIC by obtaining the data.
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The receiver may recognize a session or location at which
service level signaling information (service layer signaling
information or a service signaling channel) is transmitted
using information included in the FIC. The receiver may
recognize that data delivered through a transport session
identified by specific TSI information and/or TOI informa-
tion corresponds to service level signaling information.

The receiver acquires MPD using @fullMpdUri informa-
tion contained in USD included in the service level signaling
information. The receiver presents the corresponding broad-
cast service/content using information included in the MPD.

The receiver may acquire an SDP using information
included in the USD. The USD may include the
@LSID_DP_ID information, as described above, and the
receiver may acquire LSID by obtaining data transmitted
through a data pipe identified by the @LSID_DP_ID infor-
mation.

The receiver may access a transport session through
which a component included in the corresponding broadcast
service/content is transmitted using information contained in
the LSID to acquire related data.

FIG. 78 is a flowchart illustrating a method for generating
and processing a broadcast signal according to an embodi-
ment of the present invention.

A transmitter encodes broadcast data for one or more
broadcast services (JS78010).

The transmitter encodes first level signaling information
including information which describes properties of the one
or more broadcast services (JS78020).

The transmitter encodes second level signaling informa-
tion including information for scanning the one or more
broadcast services (JS78030).

The transmitter generates a broadcast signal including the
first level signaling information and the second level sig-
naling information (IS78040).

According to an embodiment of the present invention, the
first level signaling information may include USD informa-
tion which describes service layer properties with respect to
the broadcast services.

According to an embodiment of the present invention, the
USD information may include capability information speci-
fying capabilities necessary to present broadcast content of
the broadcast services.

FIG. 79 is a block diagram illustrating a broadcast system
according to an embodiment of the present invention.

The broadcast system according to an embodiment of the
present invention may include a broadcast transmitter
J79100 and/or a broadcast receiver J790200.

The broadcast transmitter J79100 may include a broadcast
data encoder J79110, a signaling encoder J79120 and/or a
broadcast signal generator J79130.

The broadcast receiver 1790200 may include a broadcast
signal receiver 79210, a processor J79220 and/or a display
179230.

The broadcast data encoder J79110 encodes broadcast
data for one or more broadcast services.

The signaling encoder J79120 encodes first level signal-
ing information including information which describes
properties of the one or more broadcast services and second
level signaling information including information for scan-
ning the one or more broadcast services.

The broadcast signal generator J79130 generates a broad-
cast signal including the broadcast data, the first level
signaling information and the second level signaling infor-
mation.
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According to an embodiment of the present invention, the
first level signaling information may include USD informa-
tion which describes service layer properties with respect to
the broadcast services.

According to an embodiment of the present invention, the
USD information may include capability information speci-
fying capabilities necessary to present broadcast content of
the broadcast services.

The broadcast signal receiver J79210 receives the broad-
cast signal including the broadcast data for the one or more
broadcast services, the first level signaling information
including information which describes properties of the one
or more broadcast services and the second level signaling
information including information for scanning the one or
more broadcast services. The first level signaling informa-
tion may include USD information which describes service
layer properties with respect to the broadcast services and
the USD information may include capability information
specifying capabilities necessary to present broadcast con-
tent of the broadcast services.

The processor J79220 controls the broadcast receiver
J79200 to present the broadcast services by acquiring the
broadcast services using the second level signaling infor-
mation and/or the first level signaling information. The
processor J79220 may control the broadcast receiver 79200
to skip the corresponding broadcast services/content when
capabilities of the broadcast receiver are lower than capa-
bilities indicated by capability information.

The display J79230 displays the broadcast services/con-
tent.

Modules or units may be processors executing consecu-
tive processes stored in a memory (or a storage unit). The
steps described in the aforementioned embodiments can be
performed by hardware/processors. Modules/blocks/units
described in the above embodiments can operate as hard-
ware/processors. The methods proposed by the present
invention can be executed as code. Such code can be written
on a processor-readable storage medium and thus can be
read by a processor provided by an apparatus.

While the embodiments have been described with refer-
ence to respective drawings for convenience, embodiments
may be combined to implement a new embodiment. In
addition, designing a computer-readable recording medium
storing programs for implementing the aforementioned
embodiments is within the scope of the present invention.

The apparatus and method according to the present inven-
tion are not limited to the configurations and methods of the
above-described embodiments and all or some of the
embodiments may be selectively combined to obtain various
modifications.

The methods proposed by the present invention may be
implemented as processor-readable code stored in a proces-
sor-readable recording medium included in a network
device. The processor-readable recording medium includes
all kinds of recording media storing data readable by a
processor. Examples of the processor-readable recording
medium include a ROM, a RAM, a CD-ROM, a magnetic
tape, a floppy disk, an optical data storage device and the
like, and implementation as carrier waves such as transmis-
sion over the Internet. In addition, the processor-readable
recording medium may be distributed to computer systems
connected through a network, stored and executed as code
readable in a distributed manner.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
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from the scope and spirit of the invention as disclosed in the
accompanying claims. Such modifications should not be
individually understood from the technical spirit or prospect
of the present invention.

Both apparatus and method inventions are mentioned in
this specification and descriptions of both the apparatus and
method inventions may be complementarily applied to each
other.

Those skilled in the art will appreciate that the present
invention may be carried out in other specific ways than
those set forth herein without departing from the spirit and
essential characteristics of the present invention. Therefore,
the scope of the invention should be determined by the
appended claims and their legal equivalents, not by the
above description, and all changes coming within the mean-
ing and equivalency range of the appended claims are
intended to be embraced therein.

In the specification, both the apparatus invention and the
method invention are mentioned and description of both the
apparatus invention and the method invention can be applied
complementarily.

MODE FOR INVENTION

Various embodiments have been described in the best
mode for carrying out the invention.

INDUSTRIAL APPLICABILITY

The present invention is applied to broadcast signal
providing fields.

Various equivalent modifications are possible within the
spirit and scope of the present invention, as those skilled in
the relevant art will recognize and appreciate. Accordingly,
it is intended that the present invention cover the modifica-
tions and variations of this invention provided they come
within the scope of the appended claims and their equiva-
lents.

The invention claimed is:
1. A method of processing a broadcast signal in a trans-
mitting system, the method comprising:

encoding, by a first Forward Error Correction (FEC)
encoder, service data for a service that is carried by one
or more Real-Time Object Delivery over Unidirec-
tional Transport (ROUTE) sessions;

encoding, by a second FEC encoder, low level signaling
information for fast channel scans and service acqui-
sition of one or more services including the service,
wherein the low level signaling information includes
first service identification information for identifying
the service, service category information for the service
and capability information for the service;

encoding, by a Low Density Parity Check (LDPC)
encoder, physical layer signaling information including
information for identifying whether the low level sig-
naling information is included in a current signal frame;

modulating, by a modulator, data of signal frames that
include the encoded service data, the encoded low level
signaling information and the encoded physical layer
signaling information; and

transmitting, by a transmitter, the broadcast signal includ-
ing the modulated data.

2. The method according to claim 1, further comprising:

encoding, by the first FEC encoder, service layer signaling
information describing characteristics of the service,
wherein the service layer signaling information
includes user service description (USD) information
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that includes second service identification information
for identifying the service and name information for the
service.

3. The method according to claim 2, wherein the service
layer signaling information further includes information
about the one or more ROUTE sessions.

4. The method according to claim 2, wherein the low level
signaling information further includes bootstrapping infor-
mation for acquiring the service layer signaling information.

5. The method according to claim 2, wherein a value of
the first service identification information is identical to that
of the second service identification information.

6. A receiving system for processing a broadcast signal,
the receiving system comprising:

a tuner configured to receive the broadcast signal includ-
ing signal frames, the signal frames including service
data for a service that is carried by one or more
Real-Time Object Delivery over Unidirectional Trans-
port (ROUTE) sessions, low level signaling informa-
tion for fast channel scans and service acquisition of
one or more services including the service, and physi-
cal layer signaling information including information
for identifying whether the low level signaling infor-
mation is included in a current signal frame, wherein
the low level signaling information includes first ser-
vice identification information for identifying the ser-
vice, service category information for the service and
capability information for the service;

a demodulator configured to demodulate data of the signal
frames;

an error correction decoder configured to decode the
physical layer signaling information, the low level
signaling information, and the service data in the
demodulated data; and

a processor configured to provide the service to a user by
processing the service data based on the physical layer
signaling information and the low level signaling infor-
mation.

7. The receiving system according to claim 6, wherein the
error correction decoder further decodes service layer sig-
naling information describing characteristics of the service,
wherein the service layer signaling information includes
user service description (USD) information that includes
second service identification information for identifying the
service and name information for the service.

8. The receiving system according to claim 7, wherein the
service layer signaling information further includes infor-
mation about the one or more ROUTE sessions.

9. The receiving system according to claim 7, wherein the
low level signaling information further includes bootstrap-
ping information for acquiring the service layer signaling
information.

10. The receiving system according to according to claim
7, wherein a value of the first service identification infor-
mation is identical to that of the second service identification
information.

11. A transmitting system for a broadcast signal, the
transmitting system comprising:

a first forward error correction (FEC) encoder configured
to encode service data for a service that is carried by
one or more Real-Time Object Delivery over Unidi-
rectional Transport (ROUTE) sessions;

a second FEC encoder configured to encode low level
signaling information for fast channel scans and service
acquisition of one or more services including the ser-
vice;
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a Low Density Parity Check (LDPC) encoder configured
to encode physical layer signaling information includ-
ing information for identifying whether the low level
signaling information is included in a current signal
frame, wherein the low level signaling information 3
includes first service identification information for
identifying the service, service category information
for the service and capability information for the ser-
vice;

a modulator configured to modulate data of signal frames
that include the encoded service data, the encoded low
level signaling information and the encoded physical
layer signaling information; and

a transmitter configured to transmit the broadcast signal
including the modulated data.

12. The transmitting system according to claim 11,
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wherein the first FEC encoder further encodes service layer
signaling information describing characteristics of the ser-
vice, wherein the service layer signaling information
includes user service description (USD) information that
includes second service identification information for iden-
tifying the service and name information for the service.
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13. The transmitting system according to claim 12,

wherein the service layer signaling information further
includes information about the one or more ROUTE ses-
sions.

25

14. The transmitting system according to claim 12,

wherein the low level signaling information further includes
bootstrapping information for acquiring the service layer
signaling information.

30
15. The transmitting system according to claim 12,

wherein a value of the first service identification information
is identical to that of the second service identification
information.

16. A method of processing a broadcast signal in a 33

receiving system, the method comprising:

receiving, by a tuner, the broadcast signal including signal
frames, the signal frames including service data for a
service that is carried by one or more Real-Time Object
Delivery over Unidirectional Transport (ROUTE) ses-
sions, low level signaling information for fast channel

40
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scans and service acquisition of one or more services
including the service, and physical layer signaling
information including information for identifying
whether the low level signaling information is included
in a current signal frame, wherein the low level sig-
naling information includes first service identification
information for identifying the service, service cat-
egory information for the service and capability infor-
mation for the service;

demodulating, by a demodulator, data of the signal

frames;

decoding, by an error correction decoder, the physical

layer signaling information in the demodulated data;
decoding, by the error correction decoder, the low level
signaling information in the demodulated data;
decoding, by the error correction decoder, the service data
in the demodulated data; and
providing, by a processor, the service to a user by pro-
cessing the service data based on the physical layer
signaling information and the low level signaling infor-
mation.
17. The method according to claim 16, further compris-
ing:
decoding, by the error correction decoder, service layer
signaling information describing characteristics of the
service, wherein the service layer signaling information

includes user service description (USD) information that
includes second service identification information for
identifying the service and name information for the
service.

18. The method according to claim 17, wherein the
service layer signaling information further includes infor-
mation about the one or more ROUTE sessions.

19. The method according to claim 17, wherein the low
level signaling information further includes bootstrapping
information for acquiring the service layer signaling infor-
mation.

20. The method according to claim 17, wherein a value of
the first service identification information is identical to that
of the second service identification information.
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