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(57) ABSTRACT 

Disclosed are a method for transmitting and receiving a UE 
specific reference signal and an apparatus for same. A method 
for a base station transmitting the UE-specific reference sig 
nal in a wireless communication system, according to one 
embodiment of the present invention, comprises a step of the 
base station transmitting the UE-specific reference signal to 
the UE by using a pre-determined pattern, wherein the pre 
determined pattern can be a pattern which is mapped onto an 
RE, in which the UE-specific reference index is an index 
including symbol indexes 0, 3 and 6 from an even-numbered 
index slot within one resource block (RB), or mapped onto an 
RE in which the UE-specific reference index is an index 
including symbol indexes 2 and 5 from an odd-numbered 
index slot within the RB. 

140 

s 
Receiver 

145 50 

s 
Symbol Rx Data 

Demodulator Processor 

155 - Processor - - Memory -6 
-- 

T it. Symbol TxData 
SL Modulator Processor 

TS 70 65 

  

    

  

  

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 1 of 110 Patent Application Publication 

OLI JOSS000I4 

JOSS300.j? 810C] XXI 
[] 

SLI 

JOSS000I? 

JOSS000IJ b120] XXI JOSS0001&I SII 

  

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 2 of 110 Patent Application Publication 

(~~~~------_______(~)-(- ~ ~ ! QUIBIJ-qnS 

QUIBJJ Ope?I 

  



Patent Application Publication Jan. 1, 2015 Sheet 3 of 110 US 2015/0003346 A1 

FIG 3A 

Control region Data region 
--- 1N N 

H lst slot -- 2nd slot - 
Fred. req H Subframe - 

| - Time 

FIG. 3B 

Control 
Region 

Data 
Region 

Freq. 
Subframe 

| - Time 
One slot One slot 

  



Patent Application Publication Jan. 1, 2015 Sheet 4 of 110 US 2015/0003346 A1 

FIG. 4 

One downlink slot 

/ 7 OFDM symbols N 7 TT Y w 

Resource block 
12X7 resource elements 

Resource element 

- gld 

E 
es 
CP 
O 
s 

al 
w 

  



Patent Application Publication Jan. 1, 2015 Sheet 5 of 110 US 2015/0003346 A1 

FIG. 5A 

Dynamic Static mapping 
PHY 0 PHY 1 PHY n-2 PHY n-1 

(carrier 0) (carrier I) (carrier n-2) (carrier n-) 

MAC MAC MAC 

les mapping 
PHY 0 PHY PHY n-2 PHY n-1 

(carrier 0) (carrier 1) (carrier n-2) (carrier n-1) 

    

  

    



US 2015/0003346 A1 Jan. 1, 2015 Sheet 6 of 110 Patent Application Publication 

90 IS ÇOIS†70 IS 

ÇOIS 

ZOIS|0|S 

9 (0IJI 

  



Patent Application Publication Jan. 1, 2015 Sheet 7 of 110 US 2015/0003346 A1 

FIG. 7 

Resource Element Index 

O 1 2 3 4 5 6 7 8 9 0 1 2 3 
Symbol index 

One Sub-frame 

Resource Element Index 

0 1 2 
Symbol index 

One Sub-frame 
(b) 

  



Patent Application Publication Jan. 1, 2015 Sheet 8 of 110 US 2015/0003346 A1 

FIG. 8A 

HRHRE 
Rs Rs 

HRHRE 

Rs Rs 
Rs Rs 

1 = 0 1 = 6 = 0 = 6 
even-numbered slots odd-numbered slots 

Antenna port 5 

FIG. 8B 

I = 0 = 5 = O 
even-numbered slots odd-numbered slots 

- - - 

Antenna port 5 

- 5 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 9 of 110 Patent Application Publication 

  

  

  



Patent Application Publication Jan. 1, 2015 Sheet 10 of 110 US 2015/0003346A1 

FIG. 10 

- 5 

7 

R 7|IV 7 

as 
t 
re 
E R 
s 

t 

2 R7 

= 5 - =5 

even-numbered slots Odd-numbered slots even-numbered slots odd-numbered slots 

Antcinna Dort 7 Antcinna port 8 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 11 of 110 Patent Application Publication 

FIG 11A 

Timc 

6 5 1 2 3 4. 
odd-numbered slot 

Normal CP 

2 3 4 5 6 O 1. 
even-numbered slot 

O 

11B FIG. 

Extended CP 
cv.cn-numbered slot 

  

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 12 of 110 Patent Application Publication 

11C FIG. 

1 2 3 4 5 6 
odd-numbered slot 

4 S 6 O 
even-numbered slot 

Normal CP 

11D FIG. 

2 3 4 5 6 2 3 4 5 6 O 
even-numbered slot 

O 
odd-numbered slot 

  

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 13 of 110 Patent Application Publication 

11E FIG. 

(1) E |- 

Rs Rs 

2 3 4 5 6 
odd-numbered slot 

2 3 4 5 6 O 
even-numbered slot 

O 

Normal CP 

11F FIG 

Time 

|2||||||2|||||2|||| ||||||||||||||||| ||||||||||||||||| ||||||||||||||||| |||||2|||||2|||||||?| ||||||||||||||||| ||||||||||||||||||| ||||||||||||||||| ||||||||||||||||| |2||||||2||||||2|||| ||||||||||||||||| ||||||||||||||||| ||||||||||||||||| |||||2|||||||2|||||||?| 
2 3 4 5 6 

odd-numbered slot 
Normal CP 

2 3 4 5 6 O 1. 
even-numbered slot 

O 

  

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 14 of 110 Patent Application Publication 

11G FIG. 

2 3 4 5 6 
odd-numbered slot 

2 3 4 5 6 O 
even-numbered slot 

O 

Normal CP 

11H FIG. 

?. | | | | | | | | | 2 | | | | 
| || || |||||| | || || |||||| ||2|| | || || | || || | || | || || |||||| | || || |||||| | || || ||2|| 

2 3 4 5 6 
odd-numbered slot 

2 3 4 5 6 O 
even-numbered slot 

O 

Normal CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 15 of 110 Patent Application Publication 

11 FIG 

Time 

Normal CP 

- 11 J FIG 

Time 

2 3 4 5 6 
odd-numbered slot 

2 3 4 5 6 O 
even-numbered slot 

O 

Normal CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 16 of 110 Patent Application Publication 

11K FIG. 

Time 

2 3 4 5 6 
odd-numbered slot 

2 3 4 5 6 O 
even-numbered slot 

O 

Normal CP 

11L, FIG. 

| | | | ? | | | | | 2 | | | 

  



Patent Application Publication Jan. 1, 2015 Sheet 17 of 110 US 2015/0003346A1 

FIG. 11M 

Time 
| | | | | | | | | | 

| | | | | |Rs | | | | | | |RS 
| | | | | | | | | | | s Rs | | | | | |Rs 

Rs Rs. 

Rs | | | | | Rs 

Rs. 

5 3 
even-numbered slot 

Normal 

Rs 

1 2 3 4 6 O O 
O d lo umbered 
P 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 18 of 110 Patent Application Publication 

Z I () § 7 

Aouenbey 

$ $ $ Z I () $ $ $ Z | () 

Aouanboy 

$ $ $ Z | 0 $ $ $ Z | 0 

|SYI 
| 

|/* H |SH 
| | 

–||–||–||–) 
| 

QUIL 
Aouonboy 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 19 of 110 Patent Application Publication 

FIG. 12B 

|||||3||3||2||3 | | | | | | | | | | | | | 

numbered slot 
2 3 4 5 

odd numbered slot 
0 1 2 3 

CWCl 
Extended CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 20 of 110 Patent Application Publication 

12C FIG 

Time 

||2||3||2||2 ||||||||||||||||||| |||||||||||||||||||||| 
2 3 4 5 

odd-numbered slot 

Rs 

t 
O 1 

Rs 

||||||||||||||||||||||0 |||||||||||||||||||||||+ |||||||||||||||||||||||ºn |||||||||||||||||||||||ºn 
even-numbered slot 

Extended CP 

FIG. 12D 

odd-numbered slot 
Extended CP 

even-numbered 

  

  



Patent Application Publication Jan. 1, 2015 Sheet 21 of 110 US 2015/0003346A1 

FIG. 12E 

Time 

u CE 

Rs Rs Rs Rs 
0 1 2 3 4 5 O 1 2 3 4 5 O 1 2 3 4 5 O 1 2 3 4 5 

even-numbered slot odd-numbered slot even-numbered slot odd-numbered slot 
Extended CP Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 22 of 110 US 2015/0003346A1 

FIG. 12F 

Time Time 

Rs Rs as Rs R 
s 

3. 
CE CE Rs 

Rs 

Rs 

Rs 
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 O 1 2 3 4 5 

even-numbered slot odd-numbered slot even-numbered slot odd-numbered slot 
Extended CP Extendcd CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 23 of 110 Patent Application Publication 

FIG. 12G 

5 2 3 4 
odd-numbered slot 

O 1 2 3 4 5 () 
even-numbered slot 

Extended CP 

12H FIG 

even-numbered slot 
Extended CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 24 of 110 Patent Application Publication 

FIG. 12 

| || || | || || | || || | || || ||2|| | || || | || || | || | || | || || | || || |:|| 
| 2 | || | || | | || | || | || || || | 2 | || | || 

2 3 4 5 2 3 4 5 () 
odd-numbcred slot cv.cn-numbercd slot 

O 

Extended CP 

FIG. 12J 

Time 

A 

2 3 4 5 
odd-numbered slot 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 25 of 110 Patent Application Publication 

12K FIG. 

Time 
5 

R. 

5 

Rs. 

2 3 4 5 
odd-numbered slot 

1 3 4 5 O 2 
even-numbered slot 

1 O 

Extended CP 

13A FIG. 

Time 

* || | | | | | | 
2 3 4 5 6 1. 2 3 4 5 6 O 

odd-numbered slot 
Normal CP 

1. 
even-numbered slot 

O 

  

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 26 of 110 Patent Application Publication 

FIG. 13B 

odd-numbered slot 
Normal CP 

even-numbered slot 

FIG 13C 

||| | | | | || 
2 3 4 5 6 2 3 4 5 6 O 

odd-numbered slot 
Normal CP 

even-numbered slot 
O 

  

  



Patent Application Publication Jan. 1, 2015 Sheet 27 of 110 US 2015/0003346A1 

FIG. 13D 

Time 

a 
5 || || || 5 || || || = 

0 1 2 3 4 5 6 O 1 2 3 4 5 6 
even-numbered slot odd-numbered slot 

Normal CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 28 of 110 US 2015/0003346A1 

FIG. 14A 

5 

2 3 1 3 4 5 6 
umbered slot Odd-numbered slot 

Normal CP 
CVeh 

  



Patent Application Publication Jan. 1, 2015 Sheet 29 of 110 US 2015/0003346A1 

FIG. 14B 

s 

2 5 6 0 1 2 3 4 5 6 
even-numbered slot odd-numbered slot 

Normal CP 

FIG. 14C 

RRHR, RH 
1 2 3 4 5 6 O 1 2 3 4 5 6 

even-numbered slot odd-numbered slot 
Normal CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 30 of 110 US 2015/0003346A1 

FIG. 14D 

i 

0 1 2 3 4 5 1 2 3 4 5 6 
even-numbered slot odd-numbered slot 

Normal CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 31 of 110 Patent Application Publication 

FIG. 15A 

odd-numbered slot even-numbered slot 
Normal CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 32 of 110 Patent Application Publication 

FIG. 15B 

Time 

2 3 4 5 6 
odd-numbered slot 

|||||||||||||||— ||||||||||||||||| |= 
© \C) |||||||||||||||||ºn <+ er, 

even-numbered slot 
Normal CP 

15C FIG 

t 2|| 
2 3 4 5 6 

odd-numbered slot 
2 3 4 5 6 O 

even-numbered slot 
O 

Normal CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 33 of 110 US 2015/0003346A1 

FIG. 15D 

T C 

5 6 O 1 2 3 4 5 6 
ered slot odd-numbered slot 

Normal CP 

() 1 2 3 
b CWC-l 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 34 of 110 Patent Application Publication 

FIG. 16A 

2 3 4 5 6 1 
odd-numbered slot 

2 3 4 5 6 () 
even-numbered slot 

Normal CP 

1 

  



Patent Application Publication Jan. 1, 2015 Sheet 35 of 110 US 2015/0003346A1 

FIG. 16B 

2 O 1 2 3 4 5 6 
cv.cn-numbered slot odd-numbered slot 

Normal CP 

FIG 16C 

O 1 2 3 4 5 6 O 1 2 3 
even-numbered slot odd-numbered slot 

Normal CP 

s 

  

  

  



Patent Application Publication Jan. 1, 2015 Sheet 36 of 110 US 2015/0003346A1 

FIG. 16D 

T C 

i 

OOO 
() 2 3 2 3 4 5 6 
even-numbered slot odd-numbered slot 

Normal CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 37 of 110 US 2015/0003346A1 

FIG. 17 A 

Time 

R. R. R. R. 
|| || || || 
|| || || || 
|| || || || 

R7R, | | | RIR 
|| || || || 
|| || || || 
|| || || || 
| || || || || 

R. R. | | | RIR 
| | | | | | | | 

O 1 6 0 1 2 3 4 5 6 
even-numbered slot odd-numbered slot 

Normal CP 

2 3 4 5 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 38 of 110 Patent Application Publication 

FIG. 17B 

odd-numbered slot 
Normal CP 

even-numbered slot 

|E|| || || || || || || |= 

Ê 

  

  

  

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 39 of 110 Patent Application Publication 

FIG. 17C 

1 2 3 4 5 6 
odd-numbered slot 

R 

R; 

R 
O 

even-numbered slot 
Normal CP 

  



Jan. 1, 2015 Sheet 40 of 110 US 2015/0003346A1 Patent Application Publication 

FIG. 17D 

2 3 4 5 6 
numbered slot odd 

Normal CP 
even-numbered slot 

  



Patent Application Publication Jan. 1, 2015 Sheet 41 of 110 US 2015/0003346A1 

FIG. 18A 

T C 

i 

O 1 ... 2 3 4 5 6 
ered slot odd-numbered slot 

Normal CP 
b CVC l 

  



Patent Application Publication Jan. 1, 2015 Sheet 42 of 110 US 2015/0003346A1 

FIG. 18B 

| | | | | | | | 
RIRs | | | RIRs 

| | | | | | | 
| | | | | | | | 

RIRs | | | RIRs 
| | | | | | | | 

0 1 2 3 4 5 6 0 1 2 3 4 5 6 
even-numbered slot odd-numbered slot 

Normal CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 43 of 110 US 2015/0003346A1 

FIG. 18C 

| |RSRs | | |RSRs 8TV8 

| | | | | | | 

. . . . . . . . . . . . 
even-numbered slot odd-numbered slot 

Normal CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 44 of 110 US 2015/0003346A1 

FIG. 18D 

Time 

| | | | | | | | 
| | | | | | | 
| | | | | | | 

| | | | | | | | 
Rs Rs Rs. Rs 

| | | | | | | 
| | | | | | | | 

| | | | | | | 
| | | | | | | 

RRs | | |RSRs 
| | | | | | | 

O 1 2 3 4 S 6 0 1 2 3 4 5 6 
even-numbered slot odd-numbered slot 

Normal CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 45 of 110 Patent Application Publication 

FIG. 19A 

  



Jan. 1, 2015 Sheet 46 of 110 US 2015/0003346A1 Patent Application Publication 

FIG. 19B 

Áðuônbou] 

3 
even-numbered slot 

Normal CP 

  



Jan. 1, 2015 Sheet 47 of 110 US 2015/0003346A1 Patent Application Publication 

FIG. 19C 

1 2 3 4 5 6 
odd-numbered slot 

R 

Ro 

Ro 
O 

|E| | | | | | | | | | | | |= 

|- 

even-numbered slot 
Normal CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 48 of 110 Patent Application Publication 

FIG. 19D 

2 3 4 5 6 
odd-numbered slot 

| |3|||||||3||||||3 | |-2||||||2||||||||3 | || ||| 

| 

Normal CP 

„| þºl || || -3 || || Hºl 

3 4 5 6 O 
even-numbered slot 

  



Patent Application Publication Jan. 1, 2015 Sheet 49 of 110 US 2015/0003346A1 

FIG. 20A 

T e 

s 

O 2 3 0 1 2 3 4 5 6 
even-numbered slot odd-numbered slot 

Normal CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 50 of 110 US 2015/0003346A1 

FIG. 20B 

T 1. C 

0 1 2 3 4 5 6 
even-numbered slot odd-numbered slot 

Normal CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 51 of 110 Patent Application Publication 

FIG. 200 

2 3 4 5 6 
odd-numbered slot 

Normal CP 
even-numbered slot 

|=| | | | | | | | | | | | |= 

E   



US 2015/0003346 A1 Jan. 1, 2015 Sheet 52 of 110 Patent Application Publication 

FIG. 20D 

2 3 4 5 6 1 

„| || || || || k?| | | | |,|- 

Rio 

Rio 

Rio 
O 

odd-numbered slot even-numbered slot 
Normal CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 53 of 110 Patent Application Publication 

10.Is pºjaquinU-ppo 9 ? † 9. Z I 

R 

WI2 '0IH 

63 

s 
H 

Souanbag 

  



Patent Application Publication Jan. 1, 2015 Sheet 54 of 110 US 2015/0003346A1 

FIG 21B 

Ot odd-numbered slot 
Normal CP 

even-numbered S 

  





Jan. 1, 2015 Sheet 56 of 110 US 2015/0003346A1 Patent Application Publication 

FIG 21D 

5 
numbered slot odd red slot even-numbe 

Normal CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 57 of 110 US 2015/0003346A1 

FIG 21E 

T 1. C 

R R R 

O 1 2 3 4 5 6 0 1 2 3 4 
even-numbered slot odd-numbered slot 

Normal CP 

5 6 

  



Patent Application Publication Jan. 1, 2015 Sheet 58 of 110 US 2015/0003346A1 

s 

i 
a1 

2 

Aouenbey 

  



Patent Application Publication Jan. 1, 2015 Sheet 59 of 110 US 2015/0003346A1 

FIG. 22B 

ot odd-numbered slot 
Normal CP 

even-numbered S 

  



Patent Application Publication Jan. 1, 2015 Sheet 60 of 110 US 2015/0003346A1 

FIG. 22C 

Time 

| | | | |RSRs 

g 

| | | | |RSRs 

| | | | |RSRs 
0 1 2 3 4 5 6 0 1 2 3 4 5 6 
even-numbered slot odd-numbered slot 

Normal CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 61 of 110 Patent Application Publication 

FIG. 22D 

• 2,1 || || , || || |=| |- 

2 3 4. 
numbered slot odd even-numbered slot 

Normal CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 62 of 110 Patent Application Publication 

FIG. 22E 

4 
d odd-number 

Normal CP 

1 2 3 4 
even-numbered slot 

  



Patent Application Publication Jan. 1, 2015 Sheet 63 of 110 US 2015/0003346A1 

c cyx 

s 

E 
i 
is 
e 

h 
O 

5 
r 2. 

2 
s 
as 

2 

2 
s ge 

A 
O 
s 

is z 
2 

s 
a 25 
C 
CN) 2 

ca) 

d 

CD 2 
r 

s 
es 

- 
C. D 

5 
Z. 

2 

5 
as 

a 
w 

s 
a 

s 
A 
O 

\ c His 
H.H. sea s en 

Y4 Y as a 
a a 2 

PPI ITTTTTTTT 5 
c 5 

Aouanboy 

  



Jan. 1, 2015 Sheet 64 of 110 US 2015/0003346A1 Patent Application Publication 

FIG. 23B 

numbered slot odd lot even-numbered 
Normal CP 

  



Patent Application Publication 

T i C 

C. 

B 
e 

Jan. 1, 2015 Sheet 65 of 110 

FIG. 23C 

1 2 3 4 5 6 0 1 2 3 
even-numbered slot 

Normal CP 

US 2015/0003346 A1 

RoRo | | | |RoRo | | | |RoRo 
O 4 S 6 

odd-numbered slot 

  



Patent Application Publication Jan. 1, 2015 Sheet 66 of 110 US 2015/0003346A1 

FIG. 23D 

| | | | | | |RoRo | | | | | 
RoRo | | | | | | | | |RoRo 

RoRo 
0 1 2 3 4 5 6 1 2 3 4 5 6 
even-numbered slot odd-numbered slot 

Normal CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 67 of 110 US 2015/0003346A1 

FIG. 23E 

Time 

RoRo | | | | | | | | | |RoRo 
| | | | | | |RoRo | | | | | 

| | | | | | | | | | | | 
| | | | | | | | | | | | 
| | | | | | | | | | | | 

RoRo | | | | | | | | | |RoRo 
RoRo 

| | | | | | | | | | | | 
| | | | | | | | | | | | 
| | | | | | | | | | | | 

RoRo | | | | | | | | | |RoRo 
| | | | | | |RoRo | | | | | 
0 1 2 3 4 5 6 O 1 2 3 4 5 6 
even-numbered slot odd-numbered slot 

Normal CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 68 of 110 US 2015/0003346A1 

vo as 
s c ses & 

4 A4 ? s 
st 
er, S 

s 
- 

rt 
- 's 
g A 

C 
cy 

5 E a 
St Z 

- 

er 2 
- E 

S. 

gld 

ce is 

sec as 
wn 
ea 

rs 
2 en 

s 
c 

r 
- 

es 

se s 
w 

Z. 
H 

R 

s 
d 

--- 

e d 
N r) 
CN) c ca 

tgs 

d s 
as CD E 

Pre r 

A 
O 

a E 
ea as 

Z. 
C 
s 
s 

5 
as 

r) 

ca 

C 
S. 

s 

re 
r 
g 

O 

as a 2 
7, 2 

2 
E 

() 

E as a r r- e 
E 

Aouenbau 

  



Jan. 1, 2015 Sheet 69 of 110 US 2015/0003346A1 Patent Application Publication 

FIG. 24B 

numbered slot 

  



Patent Application Publication Jan. 1, 2015 Sheet 70 of 110 US 2015/0003346A1 

FIG. 24C 

Time 

| | | | | | | | | | | | | | 
RoRo RoRo RoRo 

| | | | | | | | | | | | | | 
| | | | | | | | | | | | | 

| | | | | | | | | | | | | | 
RoRo RoRo RoRo 

| | | | | | | | | | | | | 
| | | | | | | | | | | | | 

| | | | | | | | | | | | | 
RoRo RoRo RoRo 
0 1 2 3 4 S 6 0 1 2 3 4 5 6 
even-numbered slot odd-numbered slot 

Normal CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 71 of 110 US 2015/0003346A1 

FIG. 24D 

RoRo 

0 1 2 3 4 5 6 l 
even-numbered slot odd-numbered slot 

Normal CP 

  



US 2015/0003346 A1 Jan. 1, 2015 Sheet 72 of 110 Patent Application Publication 

FIG. 24E 

??|||||?|||||?|||, |-?| | | | | | | | | | | | ^ 
| | | | | | | | | | | | | 

1 2 3 4. 
numbered slot odd 

Normal CP 
even-numbered slot 

  



Jan. 1, 2015 Sheet 73 of 110 US 2015/0003346A1 Patent Application Publication 

FIG. 25A 

2 3 4 5 
numbered slot odd S 

| || | || || |-2|| 22|| | || | || 22|| 22|| 

even-numbere 
Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 74 of 110 US 2015/0003346A1 

FIG. 25B 

Time 

| | | | | | | 
RR | | |R1||R1| | | | 

| | | | | | | s | | | | | | | | | | | | 
RR | | |R1||R1| | | | 

| | | | | | | | | | | | 
| | | | | | | 

RR RR 
| | | | | | | | | | | 

| | | | | | 

5 O 1 4 5 
even-numbered slot odd-numbered slot 

Extended CP 

2 3 4 

  



Patent Application Publication Jan. 1, 2015 Sheet 75 of 110 US 2015/0003346A1 

FIG. 25C 

s 
| | | | | | | | | | | | 

R.R. R.R. | | | 
| | | | | | | | | | | | 

O 2 3 4 3 4 5 
even-numbered slot odd-numbered slot 

Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 76 of 110 US 2015/0003346A1 

FIG. 25D 

| | | | | | RR 
RR | | | | | | | | 

| | | | | | | | | | 
| | | | | | |RR | | 
R7R1 | | | | | | | | | 

| | | | | | | | | | | | 
| | | | | | RR 
R7R1 || | | | | | | | | 

| | | | | |RR 
R | | | | | | | | | 

| | | | | | | | | 
5 () O 2 3 4. 

even-numbered slot O 
Extended CP 

3 4 5 
umbered slot d 

  

  



Patent Application Publication Jan. 1, 2015 Sheet 77 of 110 US 2015/0003346A1 

FIG. 25E 

Time 

RR | | | | | | | | 
| | | | | | |R1||R1| | | | 
| | | | | | | | | | | | 
RR | | | | | | | | 

| | | | | | | | | | | | 
RR | | | | | | | | 

| | | | | | RR 
| | | | | | | | | | | | 
RR | | | | | | | | 

| | | | | | |R1||R1| | | | 
| | | | | | | | | | | | 
0 1 2 3 4 5 0 1 2 3 4 5 

even-numbered slot odd-numbered slot 
Extended CP 

  



Jan. 1, 2015 Sheet 78 of 110 US 2015/0003346A1 Patent Application Publication 

FIG. 25F 

||||||||||||| ||||||||||||| | | |-2| | |-2| | |-2| | |-2 | || || 2 || || || 2 || || |-2| | |-2|= 

| | | | | | | | | | | | | ^ 

| | | | |_|_|_|_|_|_|_|_|-r 

1 2 3 4 5 
odd 

2 3 O 1 
even-numbered slot numbered slot 

Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 79 of 110 US 2015/0003346A1 

FIG. 25G 

i 

5 0 1 2 3 4. O 
even-numbered slot odd-numbered slot 

Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 80 of 110 US 2015/0003346A1 

FIG. 26A 

Time 

| | | | | | | | | | | 
Rs. Rs RIRs | | | | | 

| | | | | | | | | | | 
| | | | | | | | | | 

RSRs Rs Rs | | | | | 
| | | | | | | | | | | 
| | | | | | | | | | | 

Rs. Rs R8Rs 
| | | | | | | | | | | | 

5 O 2 3 4. 
even-numbered slot odd-numbered slot 

Extended CP 

  



Jan. 1, 2015 Sheet 81 of 110 US 2015/0003346A1 Patent Application Publication 

FIG. 26B 

| | | | | | | | | | | | || ~ 

| |_|_|_|_|_|_|_|_|_|_| | ^ 
1 2 3 4 5 

odd-numbered slot S even-numbere 
Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 82 of 110 US 2015/0003346A1 

FIG. 26C 

| | | | | | | | | | | | 
Rs Rs RRs | | | | 

| | | | | | | | | | | | 

Her | | | | | | | | 
R8R8 || |RSRs 

| | | | | | | | | | | | 
| | | | | | | | | | | | 

Rs Rs Rs Rs 
| | | | | | | | | | | | 

4 5 0 1 2 3 4 2 3 1 
even-numbered slot odd-numbered slot 

Extended CP 

  

  



Patent Application Publication Jan. 1, 2015 Sheet 83 of 110 US 2015/0003346A1 

FIG. 26D 

s 

0 1 2 3 4 
even-numbered slot odd-numbered slot 

Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 84 of 110 US 2015/0003346A1 

FIG. 26E 

– R R i 

O 2 3 4. 2 3 4 5 
even-numbered slot odd-numbered slot 

Extended CP 

  



Jan. 1, 2015 Sheet 85 of 110 US 2015/0003346A1 Patent Application Publication 

FIG. 26F 

1 2 3 4 5 
odd numbered slot even-numbered slot 

Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 86 of 110 US 2015/0003346A1 

FIG. 26G 

0 1 2 3 4 5 0 1 2 3 4 5 
even-numbered slot odd-numbered slot 

Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 87 of 110 US 2015/0003346A1 

Cs 

t go 

É 

Aouenbo 

  

  

  



Patent Application Publication Jan. 1, 2015 Sheet 88 of 110 US 2015/0003346A1 

Time Time 
RR RR 

> 3 || |R1|R; 

g R1||R1 s RR, 
R7R, 

R1||R1 RR 
R7R, 

RR, RR, 
R7R, R.R. 

O 1 2 3 4 S 0 1 2 3 4 5 O 1 2 3 4 5 0 1 2 3 4 5 
even-numbered slot odd-numbered slot even-numbered slo odd-numbered slot 

Extended CP Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 89 of 110 US 2015/0003346A1 

FIG. 27C 

| | | | |RR | | | | 
| || || || || | | | | | | | RIR 
RR | | | | 

| | | | | | | | 

O 2 3 4 2 3 4 5 
even-numbered slot odd-numbered slot 

Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 90 of 110 US 2015/0003346A1 

FIG. 27D 

Ot odd-numbered slot 
Xtended CP 

even-numbereds 
E 

  



Jan. 1, 2015 Sheet 91 of 110 US 2015/0003346A1 Patent Application Publication 

FIG. 27E 

R; 

R 

R 

R 
4 
d number odd even-numbered slot 

Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 92 of 110 US 2015/0003346A1 

FIG. 27F 

2 3 4. 
even-numbered slot odd-numbered slot 

Extended CP 

() 1 

  



Patent Application Publication Jan. 1, 2015 Sheet 93 of 110 US 2015/0003346A1 

FIG. 27G. 

Time 

C 
P 

2 

u 

O 2 3 4 5 O 2 3 4 5 
even-numbered slot odd-numbered slot 

Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 94 of 110 US 2015/0003346A1 

FIG. 27H 

0 1 2 3 4 
even-numbered slot odd-numbered slot 

Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 95 of 110 US 2015/0003346A1 

as 
s 

HHHH 

22 a2 22 a2 
f af f af 

: 
r 

g 

e 

E 
Aouanbag 

2 
Y 

2 
E 
E 

- A 
s s 
CO S 
CN s 5 

X t s 
Co 

g 

2 
2 

5 

e 

2 
S 
E 

C 
Se 
3. 

-F3 fi 

Aouenbey 

  



Patent Application Publication Jan. 1, 2015 Sheet 96 of 110 US 2015/0003346A1 

FIG. 28B 

Time Time 

3. 5. 
3. . 

R8R8 
R8Rs. 

R8R8 
R8Rs 

Rs R R8 R8 
RSRs R8Rs 

O 1 2 3 4 5 () 2 3 4 5 0 1 2 3 4 5 O 1 2 3 4 5 
even-numbered slot odd-numbered slot even-numbered slot odd-numbered slot 

Extcnded CP Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 97 of 110 US 2015/0003346A1 

FIG. 28C 

Rs. Rs 8 

Rs Rs C 
O 

B 
92 
CR 

1 
Ot odd-numbered slot 

Extended CP 
even-numbered S 

  



Jan. 1, 2015 Sheet 98 of 110 US 2015/0003346A1 Patent Application Publication 

FIG. 28D 

1 2 3 4 5 
odd numbered slot even-numbere 

Extended CP 

  



Patent Application Publication Jan. 1, 2015 Sheet 99 of 110 US 2015/0003346A1 

FIG. 28E 

s 
R8Rs | | | | | | | | | 

| | | |RSRs 
| | | | | | | | | | Rs. Rs 
Rs Rs | | | | | | | | | 

| | | | |RSRs 
| | | | | | | | | RIRs 

0 1 2 3 4 5 0 1 2 3 4 5 
even-numbered slot odd-numbered slot 

Extended CP 

  




















































