
US009565674B2 

( 12 ) United States Patent ( 10 ) Patent No .: 
( 45 ) Date of Patent : 

US 9,565,674 B2 
* Feb . 7 , 2017 Dinan 

( 54 ) ALMOST BLANK SUBFRAME 
CONFIGURATION IN WIRELESS 
NETWORKS 

( 71 ) Applicant : Esmael Hejazi Dinan , Herndon , VA 
( US ) 

( 72 ) Inventor : Esmael Hejazi Dinan , Herndon , VA 
( US ) 

H04W 84/04 ( 2009.01 ) 
H04L 27/26 ( 2006.01 ) 

( 52 ) U.S. Cl . 
CPC H04W 72/0446 ( 2013.01 ) ; H04L 1/00 

( 2013.01 ) ; H04L 1/0003 ( 2013.01 ) ; H04L 
1/0009 ( 2013.01 ) ; H04L 1/0026 ( 2013.01 ) ; 

H04L 1/06 ( 2013.01 ) ; H04L 5/0046 ( 2013.01 ) ; 
H04L 5/0053 ( 2013.01 ) ; H04W 72/0453 

( 2013.01 ) ; H04W 72/12 ( 2013.01 ) ; H04W 
72/1231 ( 2013.01 ) ; H04W 72/1289 ( 2013.01 ) ; 

H04L 1/0057 ( 2013.01 ) ; H04L 1/0064 
( 2013.01 ) ; H04L 27/2601 ( 2013.01 ) ; H04W 
28/18 ( 2013.01 ) ; H04W 72/042 ( 2013.01 ) ; 
H04W 72/1226 ( 2013.01 ) ; H04W 84/045 

( 2013.01 ) 
( 58 ) Field of Classification Search 

CPC H04W 72/0446 
See application file for complete search history . 

( 73 ) Assignee : Ofinno Technologies , LLC , Herndon , 
VA ( US ) 

( * ) Notice : Subject to any disclaimer , the term of this 
patent is extended or adjusted under 35 
U.S.C. 154 ( b ) by 0 days . 
This patent is subject to a terminal dis 
claimer . 

( 21 ) Appl . No .: 14 / 580,350 ( 56 ) References Cited 

( 22 ) Filed : Dec. 23 , 2014 U.S. PATENT DOCUMENTS 

( 65 ) Prior Publication Data 
US 2015/0110054 A1 Apr. 23 , 2015 

8,934,436 B2 * 1/2015 Dinan H04W 72/12 
370/328 

8,971,275 B2 * 3/2015 Dinan H04W 72/12 
370/328 

( Continued ) 
Primary Examiner Jason Mattis 
( 74 ) Attorney , Agent , or Firm - David Grossman ; 
Esmael Dinan 

Related U.S. Application Data 
Continuation of application No. 13 / 732,147 , filed on 
Dec. 31 , 2012 , now Pat . No. 8,934,436 . 
Provisional application No. 61 / 582,309 , filed on Dec. 
31 , 2011 , provisional application No. 61 / 582,310 , 
filed on Dec. 31 , 2011 . 

( 63 ) 

( 60 ) 

( 51 ) Int . Ci . 
H04W 72/04 
H04W 72/12 
H04L 1/00 
H04L 1/06 
H04L 5/00 
H04W 28/18 

( 2009.01 ) 
( 2009.01 ) 
( 2006.01 ) 
( 2006.01 ) 
( 2006.01 ) 
( 2009.01 ) 

( 57 ) ABSTRACT 

A base station broadcasts first parameters identifying a first 
set of subframes on a first carrier as almost blank subframes . 
The base station transmits to a wireless device at least one 
unicast message comprising second parameters identifying a 
second set of subframes on a second carrier as almost blank 
subframes . 

20 Claims , 10 Drawing Sheets 

-10 ms 

-5 ms subframe 

901 902 1903 904 
Macro BS 0 2 4 5 6 7 9 

905 1906 1 

Femto BS 0 1 3 4 5 6 8 9 

Almost Blank Subframe 

Normal Subframe 



US 9,565,674 B2 
Page 2 

( 56 ) References Cited 

U.S. PATENT DOCUMENTS 

2012/0122440 A1 * 5/2012 Krishnamurthy H04L 5/0053 
455/418 

H04L 5/001 
370/280 

2014/0153452 A1 * 6/2014 Son 

* cited by examiner 



U.S. Patent 

102 

Example set of subcarriers A 

Feb. 7 , 2017 

103 

101 

104 

OOOOOOO 

OOOOOO 

Sheet 1 of 10 

Guard band 

r 

Guard band 
106 

Example set of 
r subcarriers B 

105 

107 

FIG . 1 

US 9,565,674 B2 



201 
10 ms 

U.S. Patent 

subframe 

5 ms 

202 

204 
Carrier A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Feb. 7 , 2017 

205 
Carrier B 

0 

1 

N 

3 

4 

5 

6 

7 

8 

9 

> 

i 

Slot 207 

0 1 2 

3 

4 5 

6 

7 

8 

9 10 11 12 13 14 15 16 17 18 19 

Sheet 2 of 10 

203 

Slot = 7 Symbols 206 

US 9,565,674 B2 

FIG . 2 



OFDM symbols 

U.S. Patent 

306 

2 

Resource block 

302 

VURUZZ 
Bandwidth : 

6-100 RBs 

Feb. 7 , 2017 

12 subcarriers 

NNNNNNNNNNN 
NNNNNNNNNNNN 

Resource element ( symbol ) 

301 

W IN 

305 
Frequency 

VAN WWWW 

Sheet 3 of 10 

303 

: 

Time 

US 9,565,674 B2 

304 

FIG . 3 



400 

U.S. Patent 

401 

406 

402 

407 

411 

Communication Interface 

Communication Interface 
Feb. 7 , 2017 

403 

408 

Processor 

Processor 

404 

409 

Sheet 4 of 10 

405 

410 

Instructions 

Instructions 

Base Station 

Wireless Device 

US 9,565,674 B2 

FIG . 4 



U.S. Patent 

500 . 

508 

5062 

Feb. 7 , 2017 

503 

502 

Wireless Device 

Server 

Wireless Cellular Network / Internet Network 507 

505 

501 

Sheet 5 of 10 

504 

User 

FIG . 5 

US 9,565,674 B2 



Pico BS 607 

U.S. Patent 

Macro BS 601 

CSG 

CSG 

Femto BS 605 

Femto BS 606 

Relay Node 608 
Pico BS 

602 

Feb. 7 , 2017 

Pico BS 603 

Open Femto BS 
604 
? 

Sheet 6 of 10 US 9,565,674 B2 

FIG . 6 



U.S. Patent 

708 

Feb. 7 , 2017 

Macro BS 

709 

705 

_706 

704 

Sheet 7 of 10 

707 

701 702 

Pico BSs 

CSG Femto BSs 

703 

FIG . 7 

US 9,565,674 B2 



RO R2 

U.S. Patent 

R1 R3 

Feb. 7 , 2017 

Ro R2 

Sheet 8 of 10 

R1 R3 

OFDM symbol -slot 0 

-slot 1 

US 9,565,674 B2 

FIG . 8 



U.S. Patent 

OOOO 

10 ms 

subframe 

-5 ms 

901 

902 

1903 

904 ** 

X X 

1 

3 

Macro BS 

1 

0 

. 

B. 

X. 

2 

4 

5 

2 

X 

7 

* 

X 

2 

X 

3 

2 

9 

3 

V 

" V 

Feb. 7 , 2017 

V 

2 

3 

3 

I 

905 

906 

Femto BS 

} 

0 

1 

3 

4 

5 6 

XX / Y 

8 

9 

Y 

X X 

Sheet 9 of 10 

3 

Almost Blank Subframe 

X 

Y X 

3 II 

Normal Subframe 
FIG . 9 

US 9,565,674 B2 



Semi - statically configured as ABS 

U.S. Patent 

Dynamically configured as ABS 

X II 

Normal Subframe 

Macro BS - Interferer 
1002 

1001 

Feb. 7 , 2017 

1003 

1004 

X 

0 

N 

3 

4 

5 

7 

9 

YI 

* Y 

. 

3 

A wireless device configuration in a victim base station : 

Sheet 10 of 10 

RLM : 00010-00000 
CSI 1 : 0 1 0 1 0 - 0 1 0 1 0 CSI 2 : 1 0 1 0 1 -1 0 1 0 1 

US 9,565,674 B2 

FIG . 10 



a 

a a 

US 9.565,674 B2 
1 2 

ALMOST BLANK SUBFRAME mechanisms such as TDMA / CDMA , and OFDM / CDMA 
CONFIGURATION IN WIRELESS may also be employed . Various modulation schemes may be 

NETWORKS applied for signal transmission in the physical layer . 
Examples of modulation schemes include , but are not lim 

CROSS - REFERENCE TO RELATED 5 ited to : phase , amplitude , code , a combination of these , 
APPLICATIONS and / or the like . An example radio transmission method may 

implement QAM ( quadrature amplitude modulation ) using 
This application is a continuation of application Ser . No. BPSK ( binary phase shift keying ) , QPSK ( quadrature phase 

13 / 732,147 , filed Dec. 31 , 2012 , which claims the benefit of shift keying ) , 16 - QAM , 64 - QAM , 256 - QAM , and / or the 
U.S. Provisional Application No. 61 / 582,309 , filed Dec. 31 , 10 like . Physical radio transmission may be enhanced by 
2011 , and U.S. Provisional Application No. 61 / 582,310 , dynamically or semi - dynamically changing the modulation 
filed Dec. 31 , 2011 , which are hereby incorporated by and coding scheme depending on transmission requirements 
reference in its entirety . and radio conditions . 

FIG . 1 is a diagram depicting example sets of OFDM 
BRIEF DESCRIPTION OF THE SEVERAL 15 subcarriers as per an aspect of an embodiment of the present 

VIEWS OF THE DRAWINGS invention . As illustrated in this example , arrow ( s ) in the 
diagram may depict a subcarrier in a multicarrier OFDM 

Examples of several of the various embodiments of the system . The OFDM system may use technology such as 
present invention are described herein with reference to the OFDM technology , SC - OFDM ( single carrier - OFDM ) tech 
drawings , in which : 20 nology , or the like . For example , arrow 101 shows a sub 
FIG . 1 is a diagram depicting example sets of OFDM carrier transmitting information symbols . FIG . 1 is for 

subcarriers as per an aspect of an embodiment of the present illustration purposes , and a typical multicarrier OFDM sys 
inve tion ; tem may include more subcarriers in a carrier . For example , 
FIG . 2 is a diagram depicting an example transmission the number of subcarriers in a carrier may be in the range of 

time and reception time for two carriers as per an aspect of 25 10 to 10,000 subcarriers . FIG . 1 shows two guard bands 106 
an embodiment of the present invention ; and 107 in a transmission band . As illustrated in FIG . 1 , 
FIG . 3 is a diagram depicting OFDM radio resources as guard band 106 is between subcarriers 103 and subcarriers 

per an aspect of an embodiment of the present invention ; 104. The example set of subcarriers A 102 includes subcar 
FIG . 4 is a block diagram of a base station and a wireless riers 103 and subcarriers 104. FIG . 1 also illustrates an 

device as per an aspect of an embodiment of the present 30 example set of subcarriers B 105. As illustrated , there is no 
invention ; guard band between any two subcarriers in the example set 
FIG . 5 is a block diagram depicting a system for trans- of subcarriers B 105. Carriers in a multicarrier OFDM 

mitting data traffic over an OFDM radio system as per an communication system may be contiguous carriers , non 
aspect of an embodiment of the present invention ; contiguous carriers , or a combination of both contiguous and 
FIG . 6 is a diagram depicting an example heterogeneous 35 non - contiguous carriers . 

network as per an aspect of an embodiment of the present FIG . 2 is a diagram depicting an example transmission 
invention ; time and reception time for two carriers as per an aspect of 
FIG . 7 is a diagram illustrating a few example interference an embodiment of the present invention . A multicarrier 

scenarios as per an aspect of an embodiment of the present OFDM communication system may include one or more 
invention ; 40 carriers , for example , ranging from 1 to 10 carriers . Carrier 
FIG . 8 is a diagram depicting an example almost blank A 204 and carrier B 205 may have the same or different 

subframe as per an aspect of an embodiment of the present timing structures . Although FIG . 2 shows two synchronized 
invention ; carriers , carrier A 204 and carrier B 205 may or may not be 

FIG.9 is an example almost blank subframe configuration synchronized with each other . Different radio frame struc 
as per an aspect of an embodiment of the present invention ; 45 tures may be supported for FDD ( frequency division duplex ) 
and and TDD ( time division duplex ) duplex mechanisms . FIG . 2 
FIG . 10 is a diagram depicting an example wireless device shows an example FDD frame timing . Downlink and uplink 

configuration as per an aspect of an embodiment of the transmissions may be organized into radio frames 201. In 
present invention . this example , radio frame duration is 10 msec . Other frame 

50 durations , for example , in the range of 1 to 100 msec may 
DETAILED DESCRIPTION OF EMBODIMENTS also be supported . In this example , each 10 ms radio frame 

201 may be divided into ten equally sized subframes 202 . 
Example embodiments of the present invention enable Other subframe durations such as including 0.5 msec , 1 

special subframe allocation in wireless communication sys- msec , 2 msec , and 5 msec may also be supported . Sub 
tems . Embodiments of the technology disclosed herein may 55 frame ( s ) may consist of two or more slots 206. For the 
be employed , for example , in the technical field of hetero- example of FDD , 10 subframes may be available for down 
geneous wireless communication systems . More particu- link transmission and 10 subframes may be available for 
larly , the embodiments of the technology disclosed herein uplink transmissions in each 10 ms interval . Uplink and 
may relate to providing dynamic special subframe allocation downlink transmissions may be separated in the frequency 
in heterogeneous wireless communication systems . 60 domain . Slot ( s ) may include a plurality of OFDM symbols 

Example embodiments of the invention may be imple- 203. The number of OFDM symbols 203 in a slot 206 may 
mented using various physical layer modulation and trans- depend on the cyclic prefix length and subcarrier spacing . 
mission mechanisms . Example transmission mechanisms In an example case of TDD , uplink and downlink trans 
may include , but are not limited to : CDMA ( code division missions may be separated in the time domain . According to 
multiple access ) , OFDM ( orthogonal frequency division 65 some of the various aspects of embodiments , each 10 ms 
multiplexing ) , TDMA ( time division multiple access ) , radio frame may include two half - frames of 5 ms each . 
Wavelet technologies , and / or the like . Hybrid transmission Half - frame ( s ) may include eight slots of length 0.5 ms and 

a 
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three special fields : DwPTS ( Downlink Pilot Time Slot ) , GP there may be one resource grid per antenna port . The set of 
( Guard Period ) and UpPTS ( Uplink Pilot Time Slot ) . The antenna port ( s ) supported may depend on the reference 
length of DwPTS and UpPTS may be configurable subject signal configuration in the cell . Cell - specific reference sig 
to the total length of DwPTS , GP and UpPTS being equal to nals may support a configuration of one , two , or four antenna 
1 ms . Both 5 ms and 10 ms switch - point periodicity may be 5 port ( s ) and may be transmitted on antenna port ( s ) { 0 } , { 0 , 
supported . In an example , subframe 1 in all configurations 1 } , and { 0 , 1 , 2 , 3 ) , respectively . Multicast - broadcast ref 
and subframe 6 in configurations with 5 ms switch - point erence signals may be transmitted on antenna port 4. Wire periodicity may include DwPTS , GP and UpPTS . Subframe less device - specific reference signals may be transmitted on 6 in configurations with 10 ms switch - point periodicity may antenna port ( s ) 5,7,8 , or one or several of ports { 7 , 8 , 9 , 10 , include DwPTS . Other subframes may include two equally 10 
sized slots . For this TDD example , GP may be employed for 11 , 12 , 13 , 14 } . Positioning reference signals may be trans 

mitted on antenna port 6. Channel state information ( CSI ) downlink to uplink transition . Other subframes / fields may 
be assigned for either downlink or uplink transmission . reference signals may support a configuration of one , two , 
Other frame structures in addition to the above two frame four or eight antenna port ( s ) and may be transmitted on 

18 } and { 15 , . structures may also be supported , for example in one 15 antenna port ( s ) 15 , { 15 , 16 } , { 15 , . 
example embodiment the frame duration may be selected 22 } , respectively . Various configurations for antenna con 
dynamically based on the packet sizes . figuration may be supported depending on the number of 
FIG . 3 is a diagram depicting OFDM radio resources as antennas and the capability of the wireless devices and 

per an aspect of an embodiment of the present invention . The wireless base stations . 
resource grid structure in time 304 and frequency 305 is 20 According to some embodiments , a radio resource frame 
illustrated in FIG . 3. The quantity of downlink subcarriers or work using OFDM technology may be employed . Alterna 
resource blocks ( RB ) ( in this example 6 to 100 RBs ) may tive embodiments may be implemented employing other 
depend , at least in part , on the downlink transmission radio technologies . Example transmission mechanisms 
bandwidth 306 configured in the cell . The smallest radio include , but are not limited to : CDMA , OFDM , TDMA , 
resource unit may be called a resource element ( e.g. 301 ) . 25 Wavelet technologies , and / or the like . Hybrid transmission 
Resource elements may be grouped into resource blocks mechanisms such as TDMA / CDMA , and OFDM / CDMA 
( e.g. 302 ) . Resource blocks may be grouped into larger radio may also be employed . 
resources called Resource Block Groups ( RBG ) ( e.g. 303 ) . FIG . 4 is an example block diagram of a base station 401 
The transmitted signal in slot 206 may be described by one and a wireless device 406 , as per an aspect of an embodi 
or several resource grids of a plurality of subcarriers and a 30 ment of the present invention . A communication network 
plurality of OFDM symbols . Resource blocks may be used 400 may include at least one base station 401 and at least one 
to describe the mapping of certain physical channels to wireless device 406. The base station 401 may include at 
resource elements . Other pre - defined groupings of physical least one communication interface 402 , at least one proces 
resource elements may be implemented in the system sor 403 , and at least one set of program code instructions 405 
depending on the radio technology . For example , 24 sub- 35 stored in non - transitory memory 404 and executable by the 
carriers may be grouped as a radio block for a duration of 5 at least one processor 403. The wireless device 406 may 

include at least one communication interface 407 , at least 
Physical and virtual resource blocks may be defined . A one processor 408 , and at least one set of program code 

physical resource block may be defined as N consecutive instructions 410 stored in non - transitory memory 409 and 
OFDM symbols in the time domain and M consecutive 40 executable by the at least one processor 408. Communica 
subcarriers in the frequency domain , wherein M and N are tion interface 402 in base station 401 may be configured to 
integers . A physical resource block may include MxN engage in communication with communication interface 
resource elements . In an illustrative example , a resource 407 in wireless device 406 via a communication path that 
block may correspond to one slot in the time domain and 180 includes at least one wireless link 411. Wireless link 411 
kHz in the frequency domain ( for 15 KHz subcarrier band- 45 may be a bi - directional link . Communication interface 407 
width and 12 subcarriers ) . A virtual resource block may be in wireless device 406 may also be configured to engage in 
of the same size as a physical resource block . Various types a communication with communication interface 402 in base 
of virtual resource blocks may be defined ( e.g. virtual station 401. Base station 401 and wireless device 406 may 
resource blocks of localized type and virtual resource blocks be configured to send and receive data over wireless link 411 
of distributed type ) . For various types of virtual resource 50 using multiple frequency carriers . According to some of the 
blocks , a pair of virtual resource blocks over two slots in a various aspects of embodiments , transceiver ( s ) may be 
subframe may be assigned together by a single virtual employed . A transceiver is a device that includes both a 
resource block number . Virtual resource blocks of localized transmitter and receiver . Transceivers may be employed in 
type may be mapped directly to physical resource blocks devices such as wireless devices , base stations , relay nodes , 
such that sequential virtual resource block k corresponds to 55 and / or the like . Example embodiments for radio technology 
physical resource block k . Alternatively , virtual resource implemented in communication interface 402 , 407 and 
blocks of distributed type may be mapped to physical wireless link 411 are illustrated are FIG . 1 , FIG . 2 , and FIG . 
resource blocks according to a predefined table or a pre- 3. and associated text . 
defined formula . Various configurations for radio resources FIG . 5 is a block diagram depicting a system 500 for 
may be supported under an OFDM framework , for example , 60 transmitting data traffic generated by a wireless device 502 
a resource block may be defined as including the subcarriers to a server 508 over a multicarrier OFDM radio according to 
in the entire band for an allocated time duration . one aspect of the illustrative embodiments . The system 500 

According to some of the various aspects of embodi- may include a Wireless Cellular Network / Internet Network 
ments , an antenna port may be defined such that the channel 507 , which may function to provide connectivity between 
over which a symbol on the antenna port is conveyed may 65 one or more wireless devices 502 ( e.g. , a cell phone , PDA 
be inferred from the channel over which another symbol on ( personal digital assistant ) , other wirelessly - equipped 
the same antenna port is conveyed . In some embodiments , device , and / or the like ) , one or more servers 508 ( e.g. 

msec . 
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multimedia server , application servers , email servers , or EPC ( Evolved Packet Core ) . For example , the base stations 
database servers ) and / or the like . may be interconnected to the MME ( Mobility Management 

It should be understood , however , that this and other Entity ) by means of the S1 - MME interface and to the 
arrangements described herein are set forth for purposes of Serving Gateway ( S - GW ) by means of the S1 - U interface . 
example only . As such , those skilled in the art will appreciate 5 The S1 interface may support a many - to - many relation 
that other arrangements and other elements ( e.g. , machines , between MMEs / Serving Gateways and base stations . A base 
interfaces , functions , orders of functions , etc. ) may be used station many sectors for example : 1 , 2 , 3 , 4 , or 
instead , some elements may be added , and some elements 6 sectors . A base station may include many cells , for 
may be omitted altogether . Further , as in most telecommu- example , ranging from 1 to 50 cells or more . A cell may be 
nications applications , those skilled in the art will appreciate 10 categorized , for example , as a primary cell or secondary cell . 
that many of the elements described herein are functional When carrier aggregation is configured , a wireless device 
entities that may be implemented as discrete or distributed may have one RRC connection with the network . At RRC 
components or in conjunction with other components , and in connection establishment / re - establishment / handover , one 
any suitable combination and location . Still further , various serving cell may provide the NAS ( non - access stratum ) 
functions described herein as being performed by one or 15 mobility information ( e.g. TAI - tracking area identifier ) , and 
more entities may be carried out by hardware , firmware at RRC connection re - establishment / handover , one serving 
and / or software logic in combination with hardware . For cell may provide the security input . This cell may be referred 
instance , various functions may be carried out by a processor to as the Primary Cell ( PCell ) . In the downlink , the carrier 
executing a set of machine language instructions stored in corresponding to the PCell may be the Downlink Primary 
memory . 20 Component Carrier ( DL PCC ) , while in the uplink , it may be 
As shown , the access network may include a plurality of the Uplink Primary Component Carrier ( UL PCC ) . Depend 

base stations 503 ... 504. Base station 503 ... 504 of the ing on wireless device capabilities , Secondary Cells ( SCells ) 
access network may function to transmit and receive RF may be configured to form together with the PCell a set of 
( radio frequency ) radiation 505 ... 506 at one or more serving cells . In the downlink , the carrier corresponding to 
carrier frequencies , and the RF radiation may provide one or 25 an SCell may be a Downlink Secondary Component Carrier 
more air interfaces over which the wireless device 502 may ( DL SCC ) , while in the uplink , it may be an Uplink 
communicate with the base stations 503 ... 504. The user Secondary Component Carrier ( UL SCC ) . An SCell may or 
501 may use the wireless device ( or UE : user equipment ) to may not have an uplink carrier . 
receive data traffic , such as one or more multimedia files , A cell , comprising a downlink carrier and optionally an 
data files , pictures , video files , or voice mails , etc. The 30 uplink carrier , is assigned a physical cell ID and a cell index . 
wireless device 502 may include applications such as web A carrier ( downlink or uplink ) belongs to only one cell , the 
email , email applications , upload and ftp applications , MMS cell ID or Cell index may also identify the downlink carrier 
( multimedia messaging system ) applications , or file sharing or uplink carrier of the cell ( depending on the context it is 
applications . In another example embodiment , the wireless used ) . In the specification , cell ID may be equally referred 
device 502 may automatically send traffic to a server 508 35 to a carrier ID , and cell index may be referred to carrier 
without direct involvement of a user . For example , consider index . In implementation , the physical cell ID or cell index 
a wireless camera with automatic upload feature , or a video may be assigned to a cell . Cell ID may be determined using 
camera uploading videos to the remote server 508 , or a the synchronization signal transmitted on a downlink carrier . 
personal computer equipped with an application transmit- Cell index may be determined using RRC messages . For 
ting traffic to a remote server . 40 example , when the specification refers to a first physical cell 
One or more base stations 503 ... 504 may define a ID for a first downlink carrier , it may mean the first physical 

corresponding wireless coverage area . The RF radiation cell ID is for a cell comprising the first downlink carrier . The 
505 ... 506 of the base stations 503 ... 504 may carry same concept may apply to , for example , carrier activation . 
communications between the Wireless Cellular Network / When the specification indicates that a first carrier is acti 
Internet Network 507 and access device 502 according to 45 vated , it equally means that the cell comprising the first 
any of a variety of protocols . For example , RF radiation carrier is activated . 
505 . . . 506 may carry communications according to Embodiments may be configured to operate as needed . 
WiMAX ( Worldwide Interoperability for Microwave Access The disclosed mechanism may be performed when certain 
e.g. , IEEE 802.16 ) , LTE ( long term evolution ) , microwave , criteria are met , for example , in wireless device , base 
satellite , MMDS ( Multichannel Multipoint Distribution Ser- 50 station , radio environment , network , a combination of the 
vice ) , Wi - Fi ( e.g. , IEEE 802.11 ) , Bluetooth , infrared , and above , and / or the like . Example criteria may be based , at 
other protocols now known or later developed . The com- least in part , on for example , traffic load , initial system set 
munication between the wireless device 502 and the server up , packet sizes , traffic characteristics , a combination of the 
508 may be enabled by any networking and transport above , and / or the like . When the one or more criteria are 
technology for example TCP / IP ( transport control protocol / 55 met , the example embodiments may be applied . Therefore , 
Internet protocol ) , RTP ( real time protocol ) , RTCP ( real time it may be possible to implement example embodiments that 
control protocol ) , HTTP ( Hypertext Transfer Protocol ) or selectively implement disclosed protocols . 
any other networking protocol . FIG . 6 shows an example heterogeneous network in an 

According to some of the various aspects of embodi- example embodiment . The coverage and capacity of macro 
ments , an LTE network may include many base stations , 60 base station 601 may be extended by the utilization of base 
providing a user plane ( PDCP : packet data convergence stations with lower transmit power . Micro , Pico , femto and 
protocol / RLC : radio link control / MAC : media access con- relay nodes are examples of low power base stations . In an 
trol / PHY : physical ) and control plane ( RRC : radio resource example embodiment , pico base stations ( or pico - cell ) 602 , 
control ) protocol terminations towards the wireless device . 603 , and 607 may have transmit power ranges from approxi 
The base station ( s ) may be interconnected with other base 65 mately 200 mW to approximately 5 W. Macro base stations 
station ( s ) by means of an X2 interface . The base stations may have a transmit power that typically varies between 5 
may also be connected by means of an S1 interface to an and 100 W. Femto base stations ( or femto - cells ) may be used 
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for local services such as in indoor services , and their may be roaming in the coverage area of femto - cell 706. The 
transmit power may be approximately 200 mW or less . wireless device 702 may transmit a signal to base station 708 
These are just some example power ranges , and as such , in the macro base station uplink channel . The wireless 
should not be considered as a hard limit on the transmit device 702 may create high interference for femto - cell 706 . 
power of a base station type . For example , some femto - cell 5 The wireless device 703 may not be a member of CSG cell 
product may transmit at a power greater than 200 mW . 707 and may be roaming in the coverage area of femto - cell 
Femto or pico base stations 605 , 606 may be configured with 707. The wireless device 703 may be a member of CSG 
a restricted subscriber group that may allow access only to femto - cell 706 and may a transmit signal to femto - cell 706 . 
its closed subscriber group ( CSG ) members . Such femto or The wireless device 703 may create high interference for 
pico base stations may be referred to as closed femtos or 10 femto - cell 707. In another example scenario , the wireless 
picos . Femto or pico base stations may also be configured as device 704 may be in the cell coverage edge of pico - cell 709 . 
open femtos 604 or picos 602 , 603. Relay Nodes ( e.g. 608 ) The wireless device 704 may receive a signal from pico - cell 
may employ the macro base stations air interface as a 709. The wireless device 704 may also receive high inter 
backhaul and may increase coverage and capacity of the ference from macro base station 708. As shown in these 
macro base station . A network that comprises of a mix of 15 examples , in order to cope with the interference , it may be 
macro base stations and low - power nodes such as pico or required to introduce techniques that may adequately 
femto base stations , where some base stations may be address these issues . 
configured with restricted access and some may lack a wired A new physical layer design in LTE networks may allow 
backhaul , is referred to as a heterogeneous network . for flexible time and frequency resource partitioning . This 

Femto cells may be classified as open or closed depending 20 added flexibility may enable macro- and femto / picocells to 
on whether the femto cells allow access to all , or to a assign different time - frequency resource blocks within a 
restricted set of wireless devices . Closed femtos may restrict carrier or different carriers ( if available ) to their respective 
the access to a closed subscriber group ( CSG ) . Open femtos wireless devices . This is one of the inter - cell interference 
may be similar to pico - cells , but may use the network coordination ( ICIC ) techniques and may be used on a 
backhaul provided by the home network . A femto cell may 25 downlink or an uplink to mitigate interference . With addi 
also be a hybrid , whereby many wireless devices may have tional complexity , joint processing of serving and interfering 
access , but with lower priority for the wireless devices that base station signals may further improve the performance of 
do not belong to the femto's subscriber group . Closed heterogeneous networks . 
femtos may not allow access to wireless devices , and may According to some of the various aspects of embodi 
become a source of interference to those wireless devices . 30 ments , cell range expansion through handover biasing and 
Co - channel deployments of closed femtos may cause cov- resource partitioning among different node power classes 
erage holes and hence outage of a size proportional to the may decrease interference . The biasing mechanism may 
transmit power of the femto - cell . Femto - cells may or may allow for load balancing . Depending on the bias lue , the 
not have an X2 interface . OAM - based or X2 based tech- network may control the number of wireless devices asso 
niques in conjunction with possibly autonomous power 35 ciated with the low - power nodes and therefore control traffic 
control techniques may be used for interference manage- demand at those nodes . Resource partitioning , which may be 
ment with femto cells depending on the existence of a femto adaptive , may allow configuration and adjustment of inter 
X2 interface . These techniques may reduce the outage ference protected resources , enabling wireless devices in a 
and / or interference that these network nodes cause around cell's expanded area to receive data . Resource partitioning 
them and enable reception of the signal from the macro - cell 40 techniques may mitigate uplink and downlink interference 
in close proximity to the closed femto . and allow non - CSG member wireless devices to receive 
Co - channel deployment of low - power nodes and high service when in proximity of closed femto - base stations . 

power nodes may introduce new challenges . The introduc- In a heterogeneous network , the network nodes may be 
tion of low - power nodes in a macro network may create an deployed in the same frequency layer . Deploying low - power 
imbalance between uplink and downlink coverage . Due to 45 nodes at the same frequency layer as the ( high - power ) 
the larger transmit power of the macro base station , the macro - cells may present interference problems in the case of 
handover boundary may be shifted closer to the low - power closed femtos . Also , for the case of open access nodes ( open 
node . This shift may lead to severe uplink interference femtos , pico - cells , and RNs ) , the coverage of the low - power 
problems as wireless devices served by macro base stations nodes may be overshadowed by the transmissions of the 
create strong interference to the low - power nodes . Given the 50 high - power nodes . Interference coordination techniques 
relatively small footprint of low - power nodes , low - power may solve these problems . A reduction of closed femto 
nodes may become underutilized due to geographic changes interference to the macro layer and a performance increase 
in data traffic demand . The limited coverage of low - power from the introduction of open access low - power nodes may 
nodes may be a reason for limited performance gain in be achieved by interference control techniques . To enable 
heterogeneous networks . Some of the deployed femto cells 55 efficient support of co - channel deployment of heterogeneous 
may have enforced restricted associations , which may create networks , an interference management scheme may adapt to 
a coverage hole and may exacerbate the interference prob- different traffic loads and different numbers of low - power 
lem . nodes at various geographical areas . 
FIG . 7 illustrates a few example interference scenarios in According to some of the various aspects of embodi 

an example embodiment . The solid arrow shows the desired 60 ments , resource partitioning may be employed for interfer 
signal , and the arrow with the dashed line shows the ence management in co - channel deployments . To reach its 
unwanted interference . Wireless device 701 may not be a full potential , resource partitioning may be paired with 
member of CSG cell 705 and may be roaming in the interference - cancellation - capable wireless devices . Similar 
coverage area of femto - cell 705. It may receive the signal approaches may be applied to micro , pico , femto , and relay 
from macro base station 708 , and may receive high inter- 65 nodes . Each node may have its own caveats . For example , 
ference from CSG pico - cell 705. In another example , wire- the X2 backhaul link between the macro and relay base 
less device 702 may not be a member of CSG cell 706 and stations may be over an LTE air interface . In another 



a 

a 

a 

US 9.565,674 B2 
9 10 

example , closed femto cells may create their own interfer- the neighboring femto base stations . In the example of FIG . 
ence challenges . Femto base stations may lack an X2 9 , the almost blank subframe pattern may be repeated every 
interface and employ static or dynamic interference man- 10 msec . This is just an example and various configurations 
agement methods using OAM - based or similar solutions . may be possible . The almost blank subframe configuration 

According to some of the various aspects of embodi- 5 may be changed dynamically according to load and traffic , 
ments , adaptive interference management in LTE may be time of the day , or many other parameters . In an example 
enabled through X2 backhaul coordination of resources used embodiment , based on the data traffic demand , the pattern 
for scheduling data traffic . The granularity of the negotiated may change as often as every 40 ms . The communication 
resource may be a subframe . One of the various motivations between nodes may be peer to peer . Or it may be in a 
behind resource partitioning may be to control interference 10 master - slave relationship . The node creating dominant inter 
and / or enable cell range expansion through cell biasing . In ference conditions may control which resources may be used 
a typical case , cell range expansion may be enabled to to serve wireless devices in the cell range extension area . In 
improve system capacity , and a cell bias may be applied to an example scenario , a macro base station may be a master , 
low - power nodes . The bias value may refer to a threshold and a pico base station may be a slave since cell range 
that triggers a handover between two cells . A positive bias 15 expansion would most frequently be established for pico 
may enable a wireless device to be handed over to a pico - cell base stations . The cell range expansion may be desirable for 
when the difference in the signal strength from the macro- a macro base station as well . A use case for cell range 
and pico - cells drop below a bias value . The high - power node expansion at the macro base station may be to reduce the 
( macro base station ) may inform the low - power node ( pico number of handovers . In a scenario with a large number of 
base station ) of which resources may be utilized for sched- 20 high - mobility users , the number of handovers in the network 
uling macro wireless device and which subframes would may become a problem , for example when in the deploy 
remain unutilized ( almost blank subframes ) . Low - power ment of pico base stations the cells become small . The same 
nodes may be made aware of the interference pattern from resource partitioning schemes may then be utilized to allow 
a high - power base station and may schedule a wireless high mobility macro wireless devices to remain attached to 
device in the cell extended areas on subframes protected 25 a macro - cell while deep inside coverage of a pico - cell . In 
from high - power interference . That is , subframes corre- this case , the pico base station may restrict scheduling data 
sponding to almost blank subframes at the high - power base traffic on some resources , allowing coverage for high 
station . mobility macro wireless devices . 

According to some of the various aspects of embodi- According to some of the various aspects of embodi 
ments , the X2 interface may enable direct base station to 30 ments , subframe resource partitioning may create an inter 
base station interface for inter - cell interference coordination ference pattern that may require a new radio resource 
( ICIC ) . Co - channel deployments of heterogeneous networks measurement paradigm . As dominant interference may 
may require coordination of almost blank subframes . Almost potentially vary from one subframe to the othe in order to 
blank subframes may reduce the interference created by the ensure radio resource management measurement accuracy , it 
transmitting node while providing full legacy support . On 35 may be needed to restrict measurements to a desired set of 
almost blank subframes , base station may not schedule subframes . In an example embodiment , it may be desirable 
unicast traffic while it may transmit acquisition channels and to define anchor interference - protected resources that may 
common reference signal to provide legacy support . FIG . 8 be utilized for radio resource measurement . The 40 - bit 
shows an example almost blank subframe . In this example bitmap may include indications of which subframes may 
CRS ( RO , R1 , R2 , R3 signals ) are transmitted only in the 40 have static protection from interference and therefore may 
control region and are not transmitted in the data region . The be suitable for measurements . The remaining resources may 
interfering base station may still transmit PSS , SSS , PBCH , change more often . 
and RSs to support legacy terminals . Some interference still According to some of the various aspects of embodi 
may exist . In this example , no data may be transmitted in ments , the serving base station may inform a wireless device 
almost blank subframes or data may be transmitted at a 45 of the set of subframes to which the wireless device mea 
substantially lower power in almost blank subframes . surement may be restricted . A set of subframes may be 

Interference coordination using almost blank subframes configured for radio link monitoring and to check if the 
may be performed by means of a bitmap . Each bit in the current connection is reliable enough . The same or a differ 
bitmap may be mapped to a single subframe . The size of the ent set of subframes may be introduced for radio resource 
bitmap may be , for example , 40 bits , resulting in the 50 management , for example , a handover decision . An addi 
interference pattern repeating itself after 40 ms . FIG . 9 tional set of subframes may be signaled for the measurement 
shows an example almost blank subframe configuration in for some neighboring base stations . This configuration may 
an example embodiment . In this example embodiment , no be relatively static and may not change rapidly . Another set 
data may be scheduled in almost blank subframes ( ABS ) . In of subframes may be configured in the wireless device for 
another embodiment , data may be scheduled in almost blank 55 channel state information reporting and link adaptation . Two 
subframes at a substantially lower power . Subframes 901 , sets of subframes may be signaled to a wireless device for 
902 , 903 , and 904 may be configured as ABS in the macro two different channel state information types . For example , 
base station . When a macro base station transmits an almost one may be for almost blank subframes , and the other may 
blank subframe , data may not be scheduled in that subframe be for normal subframes . This configuration may change 
( or data may be transmitted at a substantially lower power ) . 60 dynamically depending on the network configuration . 
This may increase the coverage of the femto or pico base FIG . 10 illustrates example channel state information 
stations close to that macro base station . Subframes 905 and bitmaps and an example radio link management bitmap . 
906 may be configured as ABS in the femto base station . Subframe 1001 ( subframe 3 ) is semi - statically configured as 
When the femto base station transmits an almost blank ABS and therefore it is used for radio link management in 
subframe , data may not be scheduled in that subframe ( or 65 a wireless device in a victim base station . Subframes 1002 , 
data may be transmitted at a substantially lower power ) . This 1003 , and 1004 ( subframes 1 , 6 , and 8 ) are dynamically 
may increase coverage allowed for the macro base station or configured as ABS subframes . CSI bitmap 1 is used for a 
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first channel state information measurement and CSI bitmap wireless device may apply time domain measurement 
2 is used for a second channel state information measure- resource restrictions for neighbor cells . Time domain mea 
ment . This is an example , and various configurations and surement resource restriction patterns may be applicable to 
bitmap lengths , such as 40 bits or 70 bits , may also be neighbor cell RSRP and RSRQ measurements on a carrier 
supported . When there is no X2 interface , a static OAM- 5 frequency indicated by RRC . In an example embodiment , 
based or similar solution may be employed . The same two CSI subframe pattern configuration bitmaps may be 
principle of extending coverage of one cell into the area transmitted to the wireless device . Each bit map may be 40 
covered by the other may be achieved . In this case , it may bits long . The CSI configuration may include a channel 
be the macro - cell service that needs to be extended into an quality index , a rank indicator , a precoding matrix indicator , 
area covered by the closed femto - cell . 10 a combination thereof , or the like . 
The resource partitioning may reduce interference from A base station may broadcast an ABS subframe configu 

the data channel . Interference from the acquisition channels ration employing MBSFN ( multi - cast , broadcast , single 
and CRS signal may remain , since these signals may be frequency network ) subframe configuration broadcast or 
transmitted for backward compatibility reasons . Subframe unicast messages . An example broadcast message is an RRC 
time shifting may be utilized in FDD systems to reduce 15 system information block . MBSFN or ABS subframe con 
collision of the acquisition channels between base stations of figurations may include a radio frame allocation period , a 
different power classes that require partitioning , but may not radio frame allocation offset , a subframe allocation bitmap , 
be employed in TDD systems . Interference mitigation for any combination of these parameters , or the like . A radio 
the acquisition channels may be needed for cell range frame allocation period may be 1 , 2 , 4 , 8 , 16 or 32 frames . 
expansion to enable the wireless device to detect and acquire 20 A radio frame allocation offset may be a number between 1 
a weak cell and then measure and feedback the measurement to 7 subframes . A subframe allocation bitmap may be for one 
report to the network , which may be needed for handover frame or four frames . Radio frames that contain MBSFN / 
and cell range expansion . ABS subframes may occur when equation ( SFN mod radio 
CRS interference mitigation may improve system perfor- Frame Allocation Period = radio Frame Allocation Offset ) is 

mance . CRS interference may degrade turbo code perfor- 25 satisfied . Values 1 and 2 may not be applicable to radio 
mance and the overall signal - to - interference - plus - noise frame allocation period when four Frames are used . 
radio ( SINR ) . Therefore , the potential gains of cell range According to some of the various aspects of embodi 
expansion may be reduced . Given that acquisition channels ments , a subframe allocation bitmap may define the sub 
and CRS may be broadcast at high power targeting wireless frames that are allocated for MBSFN within the radio frame 
devices at the cell edge , a robust wireless device solution is 30 allocation period defined by the radio frame allocation 
feasible . period and the radio frame allocation offset . A subframe 
One of the various rationales for the wireless device allocation bitmap for one frame may be six bits long and for 

solution for the acquisition signals and CRS interference four frames may be 24 bits long . In a bit - map indicating 
mitigation is that interference may be estimated and sub- MBSFN / ABS subframe allocation in four consecutive radio 
tracted so that in the end it may not represent significant 35 frames , a “ 1 ” may denote that the corresponding subframe 
interference . Acquisition channels may be transmitted at the is allocated for MBSFN / ABS . The bitmap may be inter 
same location in cells , which means that the acquisition preted as follows : For FDD : Starting from the first radio 
channels interference may comprise acquisition channels frame and from the first / leftmost bit in the bitmap , the 
from neighboring interfering cells . This structure may lend allocation may apply to subframes # 1 , # 2 , # 3 , # 6 , # 7 , and # 8 
itself to a design of an interference canceller . A wireless 40 in the sequence of the four radio - frames . For TDD : Starting 
device receiver first may decode the strongest signal , may from the first radio frame and from the first / leftmost bit in 
perform channel gain estimation toward the interfering cell , the bitmap , the allocation applies to subframes # 3 , # 4 , # 7 , 
may cancel the interfering signal , and may continue the # 8 , and # 9 in the sequence of the four radio - frames . The last 
procedure until acquisition channels of the serving cell are four bits may not be used . Uplink subframes may not be 
acquired . 45 allocated . 
A similar procedure may be performed to remove CRS Other example configurations may be implemented . For 

interference . The difference may be that CRS tones may also example , an MBSFN subframe configuration may be used to 
interfere with data tones since interference between CRS introduce ABS subframes and subframes used for schedul 
tones between high - power and low - power nodes may be ing release 10 or above wireless devices . For example , an 
reduced by CRS tone shifting . The procedure may be 50 MBSFN configuration may introduce subframe 1 , 3 , 6 and 
similar . If strong CRS interference is detected , and after the 8 as MBSFN subframes in a frame . Then MBSFN subframe 
channel gain toward the interfering cell is estimated , the 1 may be used for scheduling release 10 or above wireless 
CRS signal may be cancelled . The procedure may be devices , and MBSFN subframe 3 , 6 , and 8 may be used as 
repeated until interfering signals are subtracted . almost blank subframes . Therefore , as seen in this example , 
RRC messages are used to configure wireless device 55 MBSFN configuration may indicate other types of sub 

configuration parameters related to almost blank configura- frames in addition to almost blank subframes . In another 
tion and measurements . An example RRC message configu- configuration , a base station may use one or many of 
ration in an example embodiment is described in the fol- MBSFN subframes for broadcasting or multicasting ser 
lowing paragraphs . A subframe pattern bitmap may indicate vices . In a typical scenario , in which MBSFN may be 
the time domain measurement resource restriction pattern 60 configured , for example , for four frames , with a period of 40 
for primary or secondary carrier measurements ( RSRP , msec , various configurations for combining ABS , MBSFN , 
RSRQ and the radio link monitoring ) . The bitmap length and release 10 or above subframes may be possible . In this 
may be , for example , 40 bits . Another subframe bitmap may specification , ABS subframes may be called special sub 
configure neighbor measurement patterns . A neighbor mea- frames . 
surement bitmap along with the list of cells for which the 65 According to some of the various aspects of embodi 
neighbor measurement bitmap is applied may be transmitted ments , special subframes may be configured for the primary 
to the wireless device . If the list of cells is not included , the carrier ( cell ) as well as one or more secondary carriers 
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( cells ) . The configuration parameters for the measurement According to some of the various aspects of embodi 
parameters of the secondary carrier ( s ) may employ the ments , the first base station may transmit a first message to 
bitmaps with the same length and format of the configura- a plurality of wireless devices in connected mode . The first 
tion parameters of the primary carrier . In an example message may comprise an initial subframe allocation bitmap 
embodiment , the configuration parameters of special sub- 5 indicating an initial plurality of subframes . The initial plu 
frames for one or more secondary carriers may be the same rality of subframes may comprise an initial plurality of 
as the configuration parameters for the special subframe special subframes . After a decrease in the number of the 
configuration of the primary carrier . plurality of wireless devices or after a decrease in the traffic 

According to some of the various aspects of embodi- load of the first base station by an amount greater than a load 
ments , non - backward compatible carriers may be configured 10 value , the first base station may transmit a second message . 
with special subframes . In a non - backward compatible car- The second message may comprise an updated subframe 
rier special subframe , no common reference signal may be allocation bitmap indicating a second plurality of subframes . 
transmitted during the special subframe . Or , data and refer- The second plurality of subframes may comprise an updated 
ence signals in a non - backward compatible carrier special plurality of special subframes . The updated plurality of 
subframe may be transmitted at a substantially lower power 15 special subframes may comprise a greater number of special 
to ensure that no interference ( to other cells ) is observed subframes than the initial plurality of special subframes . 
during the special subframe . During the majority of symbols of a special subframe of a 

Example embodiments of the invention may enable spe- base station , no signal may be transmitted by the base station 
cial subframe allocation in wireless communication systems . or signals may be transmitted with substantially lower power 
Other example embodiments may comprise a non - transitory 20 compared with transmit power of signals transmitted during 
tangible computer readable media comprising instructions a subframe which is not assigned as a special subframe . 
executable by one or more processors to cause special According to some of the various aspects of embodi 
subframe allocation in wireless communication systems . Yet ments , the first base station may transmit a first message to 
other example embodiments may comprise an article of a plurality of wireless devices in connected mode . The first 
manufacture that comprises a non - transitory tangible com- 25 message may comprise at least one of the following : a ) an 
puter readable machine - accessible medium having instruc- initial subframe allocation repetition period in terms of n 
tions encoded thereon for enabling programmable hardware frames , wherein n is an integer greater than or equal to one , 
to cause a device ( e.g. wireless communicator , UE , base b ) an initial subframe allocation offset i , wherein i is an 
station , etc. ) to enable special subframes allocation . The integer greater than or equal to zero , and c ) an initial 
device may include processors , memory , interfaces , and / or 30 subframe allocation bitmap indicating an initial plurality of 
the like . Other example embodiments may comprise com- subframes in k frames , wherein k is an integer and 1sksn . 
munication networks comprising devices such as base sta- The bitmap may apply to subframes in k frames starting 

wireless devices ( or user equipment : UE ) , servers , from frames whose SFN meets SFN mod n = i criterion . The 
switches , antennas , and / or the like . initial plurality of subframes may comprise an initial plu 
A network may comprise a plurality of base stations . 35 rality of special subframes . 

Transmission time may be divided into a plurality of frames . After an increase or decrease in the number of the 
Each frame in the plurality of frames may further be divided plurality of wireless devices or after an increase or decrease 
into a plurality of subframes . A first base station may in the traffic load of the first base station by an amount 
comprise a communication interface , a processor , and a greater than a load value , the first base station may transmit 
memory storing instructions that , when executed , cause the 40 a second message . The second message may comprise at 
first base station to perform certain functions . According to least one of the following : a ) the initial subframe allocation 
some of the various aspects of embodiments , the first base repetition period , b ) the initial subframe allocation offset , 
station may transmit a first message to a plurality of wireless and an updated subframe allocation bitmap indicating a 
devices in connected mode . The first message may comprise second plurality of subframes . The second plurality of 
an initial subframe allocation bitmap indicating an initial 45 subframes may comprise an updated plurality of special 
plurality of subframes . The initial plurality of subframes subframes . The updated plurality of special subframes may 
may comprise an initial plurality of special subframes . After comprise a smaller or greater number ( respectively corre 
an increase in the number of the plurality of wireless devices sponding to increase or decrease in the number of wireless 
or after an increase in the traffic load of the first base station devices or the traffic load ) of special subframes than the 
by an amount greater than a load value , the first base station 50 initial plurality of special subframes . During most symbols 
may transmit a second message . The second message may of a special subframe of a base station , no signal may be 
comprise an updated subframe allocation bitmap indicating transmitted by the base station or signals may be transmitted 
a second plurality of subframes . The second plurality of with substantially lower power compared with transmit 
subframes may comprise an updated plurality of special power of signals transmitted during a subframe which is not 
subframes . The updated plurality of special subframes may 55 assigned as a special subframe . 
comprise a smaller number of special subframes than the According to some of the various aspects of embodi 
initial plurality of special subframes . During the majority of ments , a first base station may transmit a first message to a 
symbols of a special subframe of a base station , no signal first plurality of wireless devices in connected mode . The 
may be transmitted by the base station or signals may be first message may comprise an initial first subframe alloca 
transmitted with substantially lower power compared with 60 tion bitmap indicating an initial first plurality of subframes . 
transmit power of signals transmitted during a subframe The initial first plurality of subframes may comprise an 
which is not assigned as a special subframe ( non - special initial first plurality of special subframes . Each of at least 
subframe ) . Non - special subframes may also be called regu- one second base station may transmit a second message to 
lar subframes . Data and reference signals during a special a second plurality of wireless devices in connected mode . 
subframe may be transmitted at a substantially lower power 65 For each of the at least one second base station , the second 
to ensure that no interference ( to other cells ) is observed message may comprise an initial second subframe allocation 
during the special subframe . bitmap indicating an initial second plurality of subframes . 
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The initial second plurality of subframes may comprise an in the traffic load of the first base station by an amount 
initial second plurality of special subframes . There may be greater than a load value , the first base station may transmit 
a coverage overlap between the first base station and each of a third message . The third message may comprise an 
the at least one second base station . updated first subframe allocation bitmap indicating an 

After an increase or decrease in the number of the 5 updated first plurality of subframes . The updated first plu 
plurality of wireless devices or after an increase or decrease rality of subframes may comprise an updated first plurality 
in the traffic load of the first base station by an amount of special subframes . The updated first plurality of special 
greater than a load value , the first base station may transmit subframes may comprise a smaller or greater number ( re 
a third message . The third message may comprise an spectively corresponding to increase or decrease in the 
updated first subframe allocation bitmap indicating an 10 number of wireless devices or the traffic load ) of special 
updated first plurality of subframes . The updated first plu- subframes than the initial first plurality of special subframes . 
rality of subframes may comprise an updated first plurality Each of the at least one second base station may transmit 
of special subframes . The updated first plurality of special a fourth message . For each of the at least one second base 
subframes may comprise a smaller or greater number ( re- station , the fourth message may comprise an updated second 
spectively corresponding to increase or decrease in the 15 subframe allocation bitmap indicating an updated second 
number of wireless devices or the traffic load ) of special plurality of subframes . The updated second plurality of 
subframes than the initial first plurality of special subframes . subframes may comprise an updated second plurality of 
Each of the at least one second base station may transmit a special subframes . The updated second plurality of special 
fourth message . For each of the at least one second base subframes may comprise a greater or smaller ( respectively 
station , the fourth message may comprise an updated second 20 corresponding to increase or decrease in the number of 
subframe allocation bitmap indicating an updated second wireless devices or the traffic load ) number of special 
plurality of subframes . The updated second plurality of subframes than the initial second plurality of special sub 
subframes may comprise an updated second plurality of frames . During most symbols of a special subframe of a base 
special subframes . The updated second plurality of special station , no signal may be transmitted by the base station or 
subframes may comprise a greater or smaller number ( re- 25 signals may be transmitted with substantially lower power 
spectively corresponding to increase or decrease in the compared with transmit power of signals transmitted during 
number of wireless devices or the traffic load ) of special a subframe which is not assigned as a special subframe . In 
subframes than the initial second plurality of special sub- a special subframe , a base station transmits a common 
frames . During most symbols of a special subframe of a base reference signal only in a control region of the special 
station , no signal may be transmitted by the base station or 30 subframe . 
signals may be transmitted with substantially lower power Example embodiments enable dynamic configuration of 
compared with transmit power of signals transmitted during special subframes and dynamic adaptation of special sub 
a subframe which is not assigned as a special subframe frames in one or more base stations to adapt to changes in 
( called non - special subframes or regular subframes ) . the traffic load of one or more base stations . Such a dynamic 

According to some of the various aspects of embodi- 35 configuration may increase air interface and backhaul over 
ments , a network comprises a plurality of base stations . head . Additional overhead in signaling may include addi 
Transmission time may be divided into a plurality of frames . tional RRC messages and additional X2 application protocol 
Each frame in the plurality of frames may be assigned a messages . The gains in air interface efficiency maybe due to 
system frame number ( SFN ) and may be further divided into reduction in the special subframes in some of the cells with 
N subframes . N is an integer greater than one . A first base 40 relatively high load . This may reduce the packet congestion 
station may transmit a first message to a first plurality of in those cells and reduce packet transmission delay and / or 
wireless devices in connected mode . The first message may packet loss and may increase cell throughput . Some of the 
comprise at least one of the following : a ) an initial first network simulations / analysis shows that the benefits in air 
subframe allocation repetition period in terms of n frames , interface efficiency gains may be more than the negative 
wherein n is an integer greater than or equal to one , b ) an 45 impact due to additional overhead . The example embodi 
initial first subframe allocation offset i , wherein i is an ments may add additional complexity in network operations , 
integer greater than or equal to zero , and c ) an initial first but instead it may increase the overall spectral efficiency in 
subframe allocation bitmap indicating an initial first plural- the network . The dynamic operation may be triggered when 
ity of subframes in k frames , wherein k is an integer and the load is decreased by an amount greater than a load value 
1sksn . The bitmap may apply to subframes in k frames 50 or decreases by an amount greater than a load value . 
starting from frames whose SFN meets ( SFN mod n = i ) Therefore , the operation may be performed selectively , by 
criterion . The initial first plurality of subframes may com- one or more base stations , and may be communicated to one 
prise an initial first plurality of special subframes . or more other base stations . This dynamic configuration is 

Each of at least one second base station may transmit a different from other methods employed to increase cell 
second message to a second plurality of wireless devices in 55 capacity . It may require transmission and reception of addi 
connected mode . For each of the at least one second base tional RRC reconfiguration messages to reconfigure the air 
station , the second message may comprise at least one of the interface parameters in wireless devices in the coverage area 
following : a ) the initial first subframe allocation repetition and may require transmission and reception of additional X2 
period , b ) the initial first subframe allocation offset , and c ) interface messages to other base stations . 
an initial second subframe allocation bitmap indicating an 60 The third message and the fourth message may comprise 
initial second plurality of subframes . The initial second the initial first subframe allocation repetition period and the 
plurality of subframes may comprise an initial second plu- initial first subframe allocation offset . Base stations in the 
rality of special subframes . There is a coverage overlap plurality of second base stations may configure the same set 
between the first base station and each of the at least one of subframes as the second initial plurality of special sub 
second base station . 65 frames . Base stations in the plurality of second base stations 

After an increase or decrease in the number of the may configure the same set of subframes as the second 
plurality of wireless devices or after an increase or decrease updated plurality of special subframes . n may be equal to 2 , 
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wherein j is one of the following numbers : 0 , 1 , 2 , 3 , 4 , and the second plurality of wireless devices . Each of the at least 
5. i may be one of the following numbers : 0 , 1 , 2 , 3 , 4 , 5 , 6 , one second base station may acknowledge the receipt of the 
and 7 and i may be smaller than n . k may be equal to one or message . 
four . N may be equal to ten . Each base station in the plurality The first base station may have a substantially higher 
of base stations may comprise at least one carrier . 5 transmit power than each of the at least one second base 

Each base station in the plurality of base stations may station . The updated first plurality of special subframes may 
broadcast the system frame number represented by m bits . be a subset of the initial first plurality of special subframes . 
Each base station in the plurality of base stations may The initial second plurality of special subframes may be a 
broadcast the most significant bits of the system frame subset of the updated second plurality of special subframes . 
number using a plurality of subcarriers in the in the middle Each of the plurality of second base stations may configure 
of the frequency band of a carrier on the first subframe of the initial and updated second plurality of special subframes 
each frame in the plurality of frames in a field in a physical based on messages received from the first base station on an 
broadcast channel . m may be equal to 10. p may be equal to X2 interface between the first base station and each of the 
8. Each base station in the plurality of base stations may 15 plurality of second base stations . The first plurality of 
broadcast implicitly the m - p least significant bits of the subframes may further comprise subframes used for broad 
system frame number by coding the physical broadcast casting or multicasting , or subframes used for scheduling 
channel over 2 ( m - p ) frames . The timing of the coded physical LTE release 10 and beyond devices . 
broadcast channel may determine the m - p least significant The second plurality of subframes may further comprise 
bits . Each base station in the plurality of base stations may 20 subframes used for broadcasting or multicasting , or sub 
broadcast the same system frame number if the frames are frames used for scheduling LTE release 10 or beyond 
transmitted substantially at the same time . The ( mp ) least wireless devices . The initial first subframe allocation bit 
significant bits of the system frame number may be broad- map , the updated first subframe allocation bitmap , the initial 
cast by encoding control blocks in the physical broadcast second subframe allocation bitmap , and the updated second 
channel over 2 ( m - P ) frames . Sequential position of the 25 subframe allocation bitmap may be 6 bits or 24 bits long . An 
encoded control blocks determining the ( m - p ) least signifi- example of special subframes is almost blank subframe . 
cant bits . A network may comprise a plurality of base stations . A 

For an FDD network , special subframes may be a subset first base station may transmit radio signals at a substantially 
of subframes consisting of subframes number one , two , different power than a plurality of second base stations . This 
three , six , seven , and eight in each frame , wherein subframe 30 may result in the first base station being in a different power 
numbers in each frame start from number zero . For a TDD class . The first base station may be of a different base station 
network , special subframes may be a subset of subframes type than the second base stations . The base station type , for 
consisting of subframes number three , four , seven , eight and example , may be one of the following : femto base station 
nine in each frame , wherein subframe numbers in each type , pico base station type , micro base station type , macro 
frame start from number zero . The first message , the second 35 base station type , relay type , and / or the like . Transmission 
message , and the fourth message may be broadcasted using time may be divided into a plurality of frames , and each 
physical downlink shared channel . frame in the plurality of frames may further be divided into 

The first message , the second message , and the fourth a plurality of subframes . Each of the plurality of second base 
message may be broadcasted using system information stations and the first base station may provide overlapping 
blocks . A base station in the plurality of base stations may 40 coverage in at least a region in the service area of the 
not transmit unicast data in a subframe that is assigned by network . In an example embodiment , each of the plurality of 
the base station as the special subframe . A base station in the second base stations may configure a second plurality of 
plurality of base stations may not transmit unicast data to a special subframes . During the majority of ( most ) symbols of 
release 8 or 9 LTE wireless device in a subframe that is a special subframe of a base station , no signal may be 
assigned by the base station as the special subframe . 45 transmitted by the base station or signals may be transmitted 

The first base station may transmit a plurality of unicast with substantially lower power compared with transmit 
messages to a subset of the first plurality of wireless devices . power of signals transmitted during a subframe which is not 
The plurality of unicast messages may configure at least one assigned as a special subframe . The base stations in the 
of the following : a ) measurement subframes of a primary plurality of second base stations may configure the same set 
carrier for the subset of the first plurality of wireless devices , 50 of subframes as the second plurality of special subframes . 
and b ) measurement subframes of a plurality neighboring According to some of the various aspects of embodi 
carriers for the subset of the first plurality of wireless ments , each of the plurality of second base stations may 
devices . The traffic carried by the first base station may transmit a second message to a second plurality of wireless 
increase , when the number of the first plurality of wireless devices in connected mode . For each of the plurality of 
devices increases . Traffic load of the first base station may 55 second base stations , the second message may comprise a 
increase , when the number of the first plurality of wireless second subframe allocation bitmap indicating a second 
devices increases . plurality of subframes . The second plurality of subframes 

There may be an X2 interface between the first base may comprise a second plurality of special subframes . 
station and each of the second plurality of base stations . During most symbols of a special subframe of a base station , 
After an increase in the number of the first plurality of 60 no signal may be transmitted by the base station or signals 
wireless devices , the first base station may transmit a mes- may be transmitted with substantially lower power com 
sage to each of the at least one second base station . The pared with transmit power of signals transmitted during a 
message may comprise a first pattern bitmap indicating the subframe which is not assigned as a special subframe ( may 
updated first special subframe allocation . The message may be called non - special subframes or regular subframes ) . The 
further comprise a second pattern bitmap indicating a subset 65 base stations in the plurality of second base stations may 
of the special subframes indicated by the first pattern bitmap configure the same set of subframes as the second plurality 
used to configure measurement parameters for a subset of of special subframes . 
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According to some of the various aspects of embodi- in connected mode . For each of the plurality of second base 
ments , the first base station may transmit a first message to stations , the second message may comprise at least one of 
a first plurality of wireless devices in connected mode . The the following : a ) the first subframe allocation repetition 
first message may comprise a first subframe allocation period , b ) the first subframe allocation offset , and c ) a second 
bitmap indicating a first plurality of subframes . The first 5 subframe allocation bitmap indicating a second plurality of 
plurality of subframes may comprise a first plurality of subframes . The second plurality of subframes may comprise 
special subframes . Each of the plurality of second base a second plurality of special subframes . All the base stations 
stations may transmit a second message to a second plurality in the plurality of second base stations may configure the 
of wireless devices in connected mode . For each of the same set of subframes as the second plurality of special 
plurality of second base stations , the second message may 10 subframes . During most symbols of a special subframe of a 
comprise a second subframe allocation bitmap indicating a base station , no signal may be transmitted by the base station 
second plurality of subframes . The second plurality of or signals may be transmitted with substantially lower power 
subframes may comprise a second plurality of special sub- compared with transmit power of signals transmitted during 
frames . All the base stations in the plurality of second base a subframe which is not assigned as a special subframe . The 
stations may configure the same set of subframes as the 15 first plurality of special subframes and the second plurality 
second plurality of special subframes . During most symbols of special subframes may be disjoint . 
of a special subframe of a base station , no signal may be Example embodiments enable configuration of special 
transmitted by the base station or signals may be transmitted subframes in one or more base stations . Changes in special 
with substantially lower power compared with transmit subframe allocation in one base station may result in 
power of signals transmitted during a subframe which is not 20 changes in special subframe allocation of a plurality of base 
assigned as a special subframe . The first plurality of special stations . Such a configuration may increase air interface and 
subframes and the second plurality of special subframes may backhaul overhead . Additional overhead in signaling may 
not substantially overlap in time ( may be two sets of disjoint include additional RRC messages and additional X2 appli 
subframes or equally may not share the same subframe ) . cation protocol messages . The gains in air interface effi 

According to some of the various aspects of embodi- 25 ciency maybe due to reduction in inter - cell interference in 
ments , each of the plurality of second base stations may the network . This may reduce interference and may reduce 
transmit a second message to a second plurality of wireless packet loss and may increase cell throughput . Some of the 
devices in connected mode . For each of the plurality of network simulations / analyses show that the benefits in air 
second base stations , the second message may comprise at interface efficiency gains may be more than the negative 
least one of the following : a ) a second subframe allocation 30 impact due to additional overhead . The example embodi 
repetition period in terms of n frames , wherein n is an integer ments may add additional complexity in network operations ; 
greater than or equal to one , b ) a second subframe allocation instead it may increase the overall spectral efficiency in the 
offset , i , wherein i is an integer greater than or equal zero , network . Novel constraints are introduced in special sub 
and c ) a second subframe allocation bitmap indicating a frame allocation among base stations of different types . A 
second plurality of subframes in k frames , wherein k is an 35 change in special subframe allocation of a high power base 
integer and 1sksn . The bitmap may apply to subframes in k station may be communicated to many other low power base 
frames starting from frames whose SFN meets SFN mod n = i stations . Required communications between base stations 
criterion . The second plurality of subframes may comprise a are introduced to satisfy these constraints . These novel 
second plurality of special subframes . During most symbols constraints and required communications may increase net 
of a special subframe of a base station , no signal may be 40 work complexity ; instead they may increase network per 
transmitted by the base station or signals may be transmitted formance . Therefore , the operation may be performed selec 
with substantially lower power compared with transmit tively , by one more base stations , and may be 
power of signals transmitted during a subframe which is not communicated to one or more other base stations . This 
assigned as a special subframe . The base stations in the dynamic configuration is different from other methods 
plurality of second base stations may configure the same 45 employed to increase cell capacity . It may require transmis 
second subframe allocation repetition period , the same sec- sion and reception of additional RRC reconfiguration mes 
ond subframe allocation offset , and the same set of sub- sages to reconfigure the air interface parameters in wireless 
frames as the second plurality of special subframes . devices in the coverage area and may require transmission 

According to some of the various aspects of embodi- and reception of additional X2 interface messages to other 
ments , transmission time may be divided into a plurality of 50 base stations . 
frames , and each frame in the plurality of frames may be In a special subframe , a base station may transmit a 
assigned a system frame number ( SFN ) and may further be common reference signal only in a control region of the 
divided into N subframes . N is an integer greater than one . special subframe . n may be equal to 2 ° , wherein j is one of 
The first base station may transmit a first message to a first the following numbers : 0 , 1 , 2 , 3 , 4 , and 5. i may be one of 
plurality of wireless devices in connected mode . The first 55 the following numbers : 0 , 1 , 2 , 3 , 4 , 5 , 6 , and 7. i may be 
message may comprise at least one of the following : a ) a first smaller than n . k may be equal to one or four . N may be 
subframe allocation repetition period in terms of n frames , equal to ten . Each base station in the plurality of base 
wherein n is an integer greater than or equal to one , b ) a first stations may comprise at least one carrier . Each base station 
subframe allocation offset , i , wherein i is an integer greater in the plurality of base stations may broadcast the system 
than or equal to zero , and c ) a first subframe allocation 60 frame number represented by m bits . Each base station in the 
bitmap indicating a first plurality of subframes in k frames , plurality of base stations may broadcast the p most signifi 
wherein k is an integer and 1 sksn . The bitmap may apply to cant bits of the system frame number using a plurality of 
subframes in k frames starting from frames whose SFN subcarriers in the in the middle of the frequency band of a 
meets SFN mod n = i criterion . The first plurality of sub- carrier on the first subframe of each frame in the plurality of 
frames may comprise a first plurality of special subframes . 65 frames in a field in a physical broadcast channel . m may be 

Each of the plurality of second base stations may transmit equal to 10. p may be equal to 8. Each base station in the 
a second message to a second plurality of wireless devices plurality of base stations may broadcast implicitly the m - p 
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least significant bits of the system frame number by coding Frame and subframe transmission of the first base station 
the physical broadcast channel over 2 ( m - p ) frames . The and each of the second plurality of base stations may be 
timing of the coded physical broadcast channel may deter- substantially synchronized . Each of the plurality of second 
mine the m - p least significant bits . Each base station in the base stations may configure the second plurality of special 
plurality of base stations may broadcast the same system 5 subframes based on messages received from the first base 
frame number if the frames are transmitted substantially at station on an X2 interface between the first base station and 
the same time . The ( m - p ) least significant bits of the system each of the plurality of second base stations . The first 
frame number may be broadcast by encoding control blocks plurality of subframes may further comprise subframes used 
in the physical broadcast channel over 2 ( m - P ) frames . for broadcasting or multicasting , or subframes used for 
Sequential position of the encoded control blocks determin- 10 scheduling LTE release 10 and beyond wireless devices . The 

second plurality of subframes may further comprise sub ing the ( m - p ) least significant bits . 
In a FDD system , special subframes may be a subset of frames used for broadcasting or multicasting , or subframes 

used for scheduling LTE release 10 or beyond wireless subframes consisting of subframes number one , two , three , devices . The first subframe allocation bitmap and the second 
six , seven , and eight in each frame . Subframe numbers in 15 subframe allocation bitmap may be 6 bits or 24 bits long . An 
each frame start from number zero . In a TDD system , special example of special subframes is almost blank subframes . 
subframes may be a subset of subframes consisting of A network comprises a plurality of base stations . Trans 
subframes number three , four , seven , eight and nine in each mission time may be divided into a plurality of frames . Each 
frame . Subframe numbers in each frame start from number frame in the plurality of frames may be assigned a system 
zero . The first message and the second message may be 20 frame number ( SFN ) . In an example embodiment , each base 
broadcasted using physical downlink shared channel . The station in the plurality of base stations , in each frame , may 
first message and the second message may be broadcasted transmit the system frame number . Each base station in the 
using system information blocks . A base station in the plurality of base stations , in each frame , may transmit a 
plurality of base stations may not transmit unicast data in a synchronization signal indicating a cell ID . The transmission 
subframe that is assigned by the base station as the special 25 of the synchronization signals may be substantially time 
subframe . A base station in the plurality of base stations may aligned among the plurality of base stations . Transmission of 
not transmit unicast data to a release 8 or 9 LTE wireless the synchronization signal of each base station in the plu 
device in a subframe that is assigned by the base station as rality of base stations are substantially time aligned with 
the special subframe . A base station may transmit a plurality transmission of other synchronization signals of other base 
of unicast messages to a subset of the first plurality of 30 stations in the plurality of base station . All the base stations 
wireless devices . The plurality of unicast messages may in the plurality of base stations may transmit the same 
configure : a ) measurement subframes of a primary carrier system frame number in frames that are transmitted sub 
for the subset of the first plurality of wireless devices , or b ) stantially the same time . In an example embod 
measurement subframes of a plurality neighboring carriers term substantially may be employed to show that the syn 
for the subset of the first plurality of wireless devices . 35 chronization may not be perfect due to inherent synchroni 

After an increase in the number of the first plurality of zation errors or inaccuracy in the synchronization mecha 
wireless devices by an amount greater than a load value , the nism . 
first base station may decrease the number of special sub- In this disclosure , phrases such as “ each base station in a 
frames in the first plurality of special subframes . After a plurality of base stations , ” “ all base station in a plurality of 
decrease in the number of the first plurality of wireless 40 base stations , ” or the like refer to select base stations that are 
devices by an amount greater than a load value , the first base similarly configured in a group of base stations . It is possible 
station may increase the number of special subframes in the that there may be more base stations in a network that are 
first plurality of special subframes . After an increase in the configured to perform differently . In those cases , the phrases 
traffic load of the first base station by an amount greater than do not necessarily include those differently configured base 
a load value , the first base station may decrease the number 45 stations . Additionally , similar phrases that refer to other 
of special subframes in the first plurality of special sub- devices such as wireless devices , etc. may also have a 
frames . After a decrease in the traffic load of the first base similar interpretation . For example , in a give network , there 
station by an amount greater than a load value , the first base may be a base station in the network that is not synchronized 
station may increase the number of special subframes in the with other base stations , and therefore may not be consid 
first plurality of special subframes . The traffic carried by the 50 ered in the set of the plurality of base stations . 
first base station may increase , when the number of the first According to some of the various aspects of embodi 
plurality of wireless devices increases . Traffic load of the ments , a base station base station may be configured to 
first base station may increase , when the number of the first communicate a plurality of carriers . The base station may 
plurality of wireless devices increases . transmit symbols in a sequential series of subframes on the 

There may be an X2 interface between the first base 55 carriers . The base station may configure each of a first set of 
station and each of the second plurality of base stations . The subframes on a first carrier in the plurality of carriers 
first base station may transmit a message to each of the at designated as a special subframe . The base station may enter 
least one second base station . The message may comprise a in a special subframe if the subframe is in a first set of 
first pattern bitmap indicating the first special subframe subframes . Some examples of special subframe configura 
allocation . The message may further comprise a second 60 tion are presented in the specifications . The base station may 
pattern bitmap indicating a subset of the special subframes transmit at least one unicast radio resource control message 
indicated by the first pattern bitmap used to configure to a wireless device . The at least one unicast radio resource 
measurement parameters for a subset of the second plurality control message may be configured to cause configuration of 
of wireless devices . Each of the at least one second base a second carrier in the plurality of carriers in the wireless 
station acknowledges the receipt of the message . The first 65 device . In an example embodiment , the at least one unicast 
base station has a substantially higher transmit power than radio resource control message may comprising at least one 
each of the plurality of second base stations . of the followings : a ) an index identifying the second carrier 
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frequency , b ) at least one physical layer parameter , c ) at least The base station may receive channel state information on 
one measurement parameter , d ) other configuration param- the channel state information transmission resource from the 
eters of the second carrier , e ) a combination of some of the wireless device on the first carrier employing the physical 
above parameters . uplink control channel format . The channel state informa 

Currently , special subframes are only introduced for the 5 tion may comprise first channel state information and second 
primary carrier . Configuring special subframe for secondary channel state information . The first channel state informa 

tion carriers may introduce many advantages . It would allow may be measured on a first plurality of OFDM subcar 
interference control in heterogeneous networks on many riers of the second carrier on one or more of the first plurality 
carriers and may improve spectral efficiency . Since primary of measurement subframes . The first plurality of OFDM 
carriers are configured as a wireless device specific param 10 subcarriers may be determined , at least in part , by the one or 

more channel state information measurement resource eter , then a first carrier may be configured as a primary 
carrier for a first wireless device and a second carrier may be parameters . The second channel state information may be 

measured on a second plurality of OFDM subcarriers of the configured as a primary carrier for a second wireless device . 
This may introduce issues if special subframes are only 15 measurement subframes . The second plurality of OFDM second carrier on one or more of the second plurality of 
supported for primary carrier by the base station . In an subcarriers may be determined , at least in part , by the one or example configuration , a base station may need to configure more measurement resource parameters . 
special subframes in secondary carriers . To address special The one or more channel state information measurement 
subframe configuration issues and improving system per- resource parameters may identify zero power or non - zero 
formance methods and systems for configuring special sub- 20 power CSI - RS transmission resources . CSI - RS signal may 
frame for secondary carrier ( s ) is introduced . The base station include OFDM symbols and subcarriers on which CSI - RS 
may configure a second carrier to enter special subframes . signals periodically transmitted . Zero power CSI - RS may be 
The base station may configure the second carrier to enter a used for interference calculation in order to estimate channel 
special subframe for every subframe in which : the first state information . The base station may , for example , rate 
carrier enters a special subframe , the second carrier is 25 match or puncture data and transmit it PUSCH resources not 
configured , and the second carrier is activated . A majority of including zero power CSI - RS radio resources . The base 
symbols of each special subframe have : no signal being station may not transmit signals on zero power CSI - RS radio 
transmitted by the base station ; or signals being transmitted resources . For example , for transmission mode ten in LTE 
by the base station at a special subframe power level that is release 11 , CSI - RS may be employed , at least in part , for 
substantially lower than a transmit power during a non- 30 estimating channel state information . Channel state infor 
special subframe . mation measurement resource may further include cell 

According to some of the various aspects of embodi- specific reference signal ( CRS ) transmitted by the base 
ments , a base station may transmit a first unicast control station . In another example , in least one of the LTE 
message on a first carrier . The first unicast control message transmission modes one to five , CRS may be employed , at 
may be configured to cause configuration of transmission 35 least in part , to estimate channel state information . CRS 
parameters of the first carrier in a wireless device . The base signal may be determined based on cell ID . 
station may transmit at least one second unicast control The base station may transmit a plurality of data packets 
message configured to cause configuration of measurement to the wireless device on the second carrier . The plurality of 
parameters of a second carrier in the wireless device . The at data packets may be encoded and modulated based , at least 
least one second unicast control message may comprise at 40 in part , on the first and second channel state information . 
least one of the following : a ) a first measurement subframe According to some of the various aspects of embodi 
allocation bitmap , b ) a second measurement subframe allo- ments , a base station may transmit a first unicast control 
cation bitmap , c ) one or more first parameters , d ) one or message on a first carrier . The first unicast control message 
more channel state information measurement resource may be configured to cause configuration of transmission 
parameters , e ) one or more second parameters , f ) a combi- 45 parameters of the first carrier of a wireless device . The base 
nation of the above . station may transmit at least one second unicast control 

The first measurement subframe allocation bitmap may be message configured to cause configuration of measurement 
configured to cause configuration of a first plurality of parameters of a second carrier in the wireless device . The at 
measurement subframes of the second carrier of the wireless least one second unicast control message may comprise a 
device . The second measurement subframe allocation bit- 50 first measurement subframe allocation bitmap and a second 
map may be configured to cause configuration of a second measurement subframe allocation bitmap . A first measure 
plurality of measurement subframes of the second carrier of ment subframe allocation bitmap may be configured to cause 
the wireless device . The second plurality of measurement configuration of a first plurality of measurement subframes 
subframes may exclude subframes in the first plurality of of the second carrier of the wireless device . The second 
measurement subframes . The one or more first parameters 55 measurement subframe allocation bitmap may be configured 
may identify a channel state information transmission to cause configuration of a second plurality of measurement 
resource . Channel state information transmission resource subframes of the second carrier of the wireless device . 
are included in PUCCH radio resources are configured for The base station may receive first channel state informa 
each wireless device connected to the base station . The tion and second channel state information from the wireless 
resources may include SC — for example , OFDM uplink 60 device . The first channel state information may be measured 
resources , and / or other PUCCH uplink transmission param- on a first plurality of OFDM subcarriers of the second carrier 
eters . The one or more second parameters may identify a on the first plurality of measurement subframes . The second 
physical uplink control channel format . The PUCCH format channel state information may be measured on a second 
may include coding methods , transmission format , and other plurality of OFDM subcarriers of the second carrier on the 
PUCCH parameters . PUCCH format is used to create 65 second plurality of measurement subframes . The base sta 
PUCCH signal for uplink transmission in PUCCH radio tion may transmit a plurality of data packets to the wireless 
resources assigned to the wireless device . device on the second carrier . The plurality of data packets 
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may be encoded and modulated based , at least in part , on the may configure the second carrier to enter a special subframe . 
first and second channel state information . The base station may transmit a common reference signal 

According to some of the various aspects of embodi- only in a control region of the special subframe . The at least 
ments , a wireless device may be configured to communicate one second unicast control message may configure measure 
a plurality of carriers transmitting symbols in a sequential 5 ment subframes of a plurality neighboring carriers for the 
series of subframes . The wireless device may receive a first wireless device . 
unicast control message on a first carrier . The first unicast The base station may configure a first set of subframes on 
control message may be configured to cause configuration of the first carrier as special subframes . A majority of symbols 
transmission parameters of the first carrier in the wireless of each special subframe have : no signal being transmitted 
device . The wireless device may receive at least one second 10 by the base station ; or signals being transmitted by the base 
unicast control message causing configuration of measure- station at a special subframe power level that is substantially 
ment parameters of a second carrier in the wireless device . lower than a transmit power during a non - special subframe . 
The at least one second unicast control message may com- The at least one second unicast control message may cause 
prise at least one of : a ) a first measurement subframe configuration of cross carrier scheduling for the wireless 
allocation bitmap , b ) a second measurement subframe allo- 15 device . The cross carrier scheduling configuration may 
cation bitmap , c ) one or more first parameters , d ) one or indicate that the first carrier carries scheduling information 
more channel state information measurement resource for packets received from the base station on a data channel 
parameters , e ) one or more second parameters , and / or f ) a of the second carrier in the plurality of carriers . During the 
combination of the above . time the cross carrier scheduling is configured and the 

The first measurement subframe allocation bitmap may be 20 second carrier is activated , when the first carrier enters a 
configured to cause configuration of a first plurality of special subframe , the second carrier may enter a special 
measurement subframes of the second carrier of the wireless subframe . During the time the second carrier is configured 
device . The second measurement subframe allocation bit- and activated , when the first carrier enters a special sub 
map may be configured to cause configuration of a second frame , the second carrier may enter a special subframe . 
plurality of measurement subframes of the second carrier of 25 According to some of the various aspects of embodi 
the wireless device . The second plurality of measurement ments , a base station may configure a first set of subframes 
subframes may exclude subframes in the first plurality of on a first carrier in the plurality of carriers designated as 
measurement subframes . The one or more first parameters special subframes . The base station may transmit at least one 
identifying a channel state information transmission unicast radio resource control message to a wireless device . 
resource . The one or more second parameters identifying a 30 The at least one unicast radio resource control message may 
physical uplink control channel format . be configured to cause configuration of a second carrier . The 

The wireless device may transmit channel state informa- at least one unicast radio resource control message may be 
tion on the channel state information transmission resource configured to cause configuration of cross carrier scheduling 
to a base station on the first carrier employing the physical for the wireless device . The cross carrier scheduling con 
uplink control channel format . The channel state informa- 35 figuration may indicate that the first carrier carries schedul 
tion may comprise first channel state information and second ing information for packets transmitted to the wireless 
channel state information . The wireless device may receive device on a data channel of the second carrier . The first 
a plurality of data packets from the base station on the carrier may carry scheduling information on PDCCH or 
second carrier . The plurality of data packets may be encoded enhanced PDCCH channel . The data channel may be down 
and modulated based , at least in part , on the first and second 40 link shared channel and / or uplink shared channel . 
channel state information . The at least one unicast radio resource control message 

The base station may cause activation of the second may comprise at least one of the following : a ) an index 
carrier in the wireless device by transmitting a media access identifying a frequency of the second carrier , b ) at least one 
control activation command before receiving the channel physical layer parameter of the second carrier , c ) at least one 
state information . The base station may receive the channel 45 measurement parameter of the second carrier . The base 
state information on a physical uplink shared channel , when station may configure the second carrier to enter a special 
the channel state information is appended to a data packet subframe for every subframe in which the first carrier enters 
transmitted in the uplink . The base station may configure a a special subframe , the cross carrier scheduling is config 
first set of subframes on the first carrier as special subframes . ured , and the second carrier is activated . This mechanism 
A majority of symbols of each special subframe may have : 50 would allow an efficient of resources of carriers when 
a ) no signal being transmitted by the base station ; or b ) special subframes are configured . When the carrier carrying 
signals being transmitted at a special subframe power level PDCCH scheduling packet for the second carrier is in a 
that is substantially lower than a transmit power during a special subframe , then it may not be able to efficiently 
non - special subframe . schedule packets in the second carrier . It would be efficient 

The at least one second unicast control message may be 55 to configure the second carrier as special subframe as well . 
configured to cause configuration of cross carrier scheduling Then the PDCCH resources in special subframes of the first 
for the wireless device . The cross carrier scheduling con- carrier could be reduced . This may result of less PDCCH 
figuration may indicate that the first carrier carries schedul- interference by an aggressor cell to other cells in a hetero 
ing information for packets transmitted to the wireless geneous network . In an example embodiment of the inven 
device on a data channel of the second carrier in the plurality 60 tion , base station may not transmit in a special subframe of 
of carriers . During the time the cross carrier scheduling is the first carrier PDCCH packets for packets transmitted on 
configured and the second carrier is activated , when the base the second carrier . Since the second carrier may be config 
station configures the first carrier to enter a special subframe , ured as special subframe in the subframe that first carrier is 
the base station may configure the second carrier to enter a configured as special subframe . 
special subframe . During the time the second carrier is 65 According to some of the various aspects of embodi 
configured and activated , when the base station configures ments , a base station may configure a first set of subframes 
the first carrier to enter a special subframe , the base station on a first carrier in the plurality of carriers designated as 
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special subframes . The base station may transmit at least one may be measured on a second plurality of OFDM subcar 
unicast radio resource control message to a wireless device . riers of the second carrier on one or more of the second 
The at least one unicast radio resource control message may plurality of measurement subframes . The second plurality of 
be configured to cause configuration of cross carrier sched- OFDM subcarriers may be determined , at least in part , by 
uling for a wireless device . The cross carrier scheduling 5 the one or more measurement resource parameters . In an 
configuration may indicate that the first carrier carries sched- example embodiment , the base station may transmit in a 
uling information for packets transmitted to the wireless special subframe a common reference signal only in a 
device on a data channel of a second carrier in the plurality control region of the special subframe . In another example 
of carriers . The base station may configure the second carrier embodiment , the base station may not transmit any common 
to enter a special subframe for every subframe in which : the 10 reference signal in a special subframe . The at least one 
first carrier enters a special subframe , the cross carrier unicast radio resource control message may be configured to 
scheduling is configured , and the second carrier is activated . further cause configuration of measurement subframes of a 

According to some of the various aspects of embodi- plurality neighboring carriers in the wireless device . 
ments , the second carrier may enter special subframes in According to some of the various aspects of embodi 
other subframes in addition to the subframes indicates 15 ments , the packets in the downlink may be transmitted via 
above . The at least one unicast radio resource control downlink physical channels . The carrying packets in the 
message may further comprise configuration parameters uplink may be transmitted via uplink physical channels . The 
identifying a second set of subframes on the second carrier baseband data representing a downlink physical channel 
designated as special subframes . The first set of subframes may be defined in terms of at least one of the following 
may be a subset of the second set of the subframes . The at 20 actions : scrambling of coded bits in codewords to be trans 
least one unicast radio resource control message may be mitted on a physical channel ; modulation of scrambled bits 
transmitted on the first carrier . The at least one unicast radio to generate complex - valued modulation symbols ; mapping 
resource control message may be configured to further cause of the complex - valued modulation symbols onto one or 
configuration of measurement parameters of the second several transmission layers ; precoding of the complex - val 
carrier for the wireless device . The measurement configu- 25 ued modulation symbols on layer ( s ) for transmission on the 
ration may comprise at least : a ) a first measurement sub- antenna port ( s ) ; mapping of complex - valued modulation 
frame allocation bitmap configuring a first plurality of symbols for antenna port ( s ) to resource elements ; and / or 
measurement subframes of the second carrier ; and b ) a generation of complex - valued time - domain OFDM signal ( s ) 
second measurement subframe allocation bitmap configur- for antenna port ( s ) . 
ing a second plurality of measurement subframes of the 30 Codeword , transmitted on the physical channel in one 
second carrier . The second plurality of measurement sub- subframe , may be scrambled prior to modulation , resulting 
frames may exclude subframes in the first plurality of in a block of scrambled bits . The scrambling sequence 
measurement subframes . generator may be initialized at the start of subframe ( s ) . 

The base station may receive first channel state informa- Codeword ( s ) may be modulated using QPSK , 16QAM , 
tion and second channel state information from the wireless 35 64QAM , 128QAM , and / or the like resulting in a block of 
device . The first channel state information may be measured complex - valued modulation symbols . The complex - valued 
on a first plurality of OFDM subcarriers of the second carrier modulation symbols for codewords to be transmitted may be 
on the first plurality of measurement subframes . The second mapped onto one or several layers . For transmission on a 
channel state information may be measured on a second single antenna port , a single layer may be used . For spatial 
plurality of OFDM subcarriers of the second carrier on the 40 multiplexing , the number of layers may be less than or equal 
second plurality of measurement subframes . to the number of antenna port ( s ) used for transmission of the 

According to some of the various aspects of embodi- physical channel . The case of a single codeword mapped to 
ments , the base station may transmit a plurality of data multiple layers may be applicable when the number of 
packets to the wireless device on the second carrier . The cell - specific reference signals is four or when the number of 
plurality of data packets encoded and modulated based , at 45 UE - specific reference signals is two or larger . For transmit 
least in part , on the first second channel state information diversity , there may be one codeword and the number of 
and the second channel state information . The measurement layers may be equal to the number of antenna port ( s ) used 
configuration further may comprise : a ) one or more first for transmission of the physical channel . 
parameters identifying a channel state information transmis- The precoder may receive a block of vectors from the 
sion resource , b ) one or more channel state information 50 layer mapping and generate a block of vectors to be mapped 
measurement resource parameters , and c ) one or more onto resources on the antenna port ( s ) . Precoding for spatial 
second parameters identifying a physical uplink control multiplexing using antenna port ( s ) with cell - specific refer 
channel format . ence signals may be used in combination with layer mapping 

According to some of the various aspects of embodi- for spatial multiplexing . Spatial multiplexing may support 
ments , the base station may receive channel state informa- 55 two or four antenna ports and the set of antenna ports used 
tion on the channel state information transmission resource may be { 0 , 1 } or { 0 , 1 , 2 , 3 } . Precoding for transmit 
from the wireless device on the first carrier . The base station diversity may be used in combination with layer mapping 
may receive the channel state information employing the for transmit diversity . The precoding operation for transmit 
physical uplink control channel format . The channel state diversity may be defined for two and four antenna ports . 
information may comprise first channel state information 60 Precoding for spatial multiplexing using antenna ports with 
and second channel state information . The first channel state UE - specific reference signals may also , for example , be used 
information may be measured on a first plurality of OFDM in combination with layer mapping for spatial multiplexing . 
subcarriers of the second carrier on one or more of the first Spatial multiplexing using antenna ports with UE - specific 
plurality of measurement subframes . The first plurality of reference signals may support up to eight antenna ports . 
OFDM subcarriers may be determined , at least in part , by 65 Reference signals may be pre - defined signals that may be 
the one or more channel state information measurement used by the receiver for decoding the received physical 
resource parameters . The second channel state information signal , estimating the channel state , and / or other purposes . 
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For antenna port ( s ) used for transmission of the physical layers , d ) transform precoding to generate complex - valued 
channel , the block of complex - valued symbols may be symbols , e ) precoding of complex - valued symbols , f ) map 
mapped in sequence to resource elements . In resource blocks ping of precoded complex - valued symbols to resource ele 
in which UE - specific reference signals are not transmitted ments , g ) generation of complex - valued time - domain SC 
the PDSCH may be transmitted on the same set of antenna 5 FDMA signal ( s ) for antenna port ( s ) , and / or the like . 
ports as the physical broadcast channel in the downlink For codeword ( s ) , block ( s ) of bits may be scrambled with 
( PBCH ) . In resource blocks in which UE - specific reference UE - specific scrambling sequence ( s ) prior to modulation , 
signals are transmitted , the PDSCH may be transmitted , for resulting in block ( s ) of scrambled bits . Complex - valued 
example , on antenna port ( s ) { 5 , { 7 } , { 8 } , or { 7 , 8 , ... , V + 6 } , modulation symbols for codeword ( s ) to be transmitted may 
where v is the number of layers used for transmission of the 10 be mapped onto one , two , or more layers . For spatial 
PDSCH . multiplexing , layer mapping ( s ) may be performed according 
Common reference signal ( s ) may be transmitted in physi- to pre - defined formula ( s ) . The number of layers may be less 

cal antenna port ( s ) . Common reference signal ( s ) may be than or equal to the number of antenna port ( s ) used for 
cell - specific reference signal ( s ) ( RS ) used for demodulation transmission of physical uplink shared channel ( s ) . The 
and / or measurement purposes . Channel estimation accuracy 15 example of a single codeword mapped to multiple layers 
using common reference signal ( s ) may be reasonable for may be applicable when the number of antenna port ( s ) used 
demodulation ( high RS density ) . Common reference for PUSCH is , for example , four . For layer ( s ) , the block of 
signal ( s ) may be defined for LTE technologies , LTE - ad- complex - valued symbols may be divided into multiple sets , 
vanced technologies , and / or the like . Demodulation refer- each corresponding to one SC - FDMA symbol . Transform 
ence signal ( s ) may be transmitted in virtual antenna port ( s ) 20 precoding may be applied . For antenna port ( s ) used for 
( i.e. , layer or stream ) . Channel estimation accuracy using transmission of the PUSCH in a subframe , block ( s ) of 
demodulation reference signal ( s ) may be reasonable within complex - valued symbols may be multiplied with an ampli 
allocated time / frequency resources . Demodulation reference tude scaling factor in order to conform to a required transmit 
signal ( s ) may be defined for LTE - advanced technology and power , and mapped in sequence to physical resource 
may not be applicable to LTE technology . Measurement 25 block ( s ) on antenna port ( s ) and assigned for transmission of 
reference signal ( s ) , may also called CSI ( channel state PUSCH 
information ) reference signal ( s ) , may be transmitted in According to some of the various embodiments , data may 
physical antenna port ( s ) or virtualized antenna port ( s ) . Mea- arrive to the coding unit in the form of two transport blocks 
surement reference signal ( s ) may be Cell - specific RS used every transmission time interval ( TTI ) per UL cell . The 
for measurement purposes . Channel estimation accuracy 30 following coding actions may be identified for transport 
may be relatively lower than demodulation RS . CSI refer- block ( s ) of an uplink carrier : a ) Add CRC to the transport 
ence signal ( s ) may be defined for LTE - advanced technology block , b ) Code block segmentation and code block CRC 
and may not be applicable LTE technology . attachment , c ) Channel coding of data and control informa 

In at least one of the various embodiments , uplink physi- tion , d ) Rate matching , e ) Code block concatenation . f ) 
cal channel ( s ) may correspond to a set of resource elements 35 Multiplexing of data and control information , g ) Channel 
carrying information originating from higher layers . The interleaver , h ) Error detection may be provided on UL - SCH 
following example uplink physical channel ( s ) may be ( uplink shared channel ) transport block ( s ) through a Cyclic 
defined for uplink : a ) Physical Uplink Shared Channel Redundancy Check ( CRC ) , and / or the like . Transport 
( PUSCH ) , b ) Physical Uplink Control Channel ( PUCCH ) , c ) block ( s ) may be used to calculate CRC parity bits . Code 
Physical Random Access Channel ( PRACH ) , and / or the 40 block ( s ) may be delivered to channel coding block ( s ) . Code 
like . Uplink physical signal ( s ) may be used by the physical block ( s ) may be individually turbo encoded . Turbo coded 
layer and may not carry information originating from higher block ( s ) may be delivered to rate matching block ( s ) . 
layers . For example , reference signal ( s ) may be considered Physical uplink control channel ( s ) ( PUCCH ) may carry 
as uplink physical signal ( s ) . Transmitted signal ( s ) in slot ( s ) uplink control information . Simultaneous transmission of 
may be described by one or several resource grids including , 45 PUCCH and PUSCH from the same UE may be supported 
for example , subcarriers and SC - FDMA or OFDMA sym- if enabled by higher layers . For a type 2 frame structure , the 
bols . Antenna port ( s ) may be defined such that the channel PUCCH may not be transmitted in the UpPTS field . PUCCH 
over which symbol ( s ) on antenna port ( s ) may be conveyed may use one resource block in each of the two slots in a 
and / or inferred from the channel over which other symbol ( s ) subframe . Resources allocated to UE and PUCCH configu 
on the same antenna port ( s ) is / are conveyed . There may be 50 ration ( s ) may be transmitted via control messages . PUCCH 
one resource grid per antenna port . The antenna port ( s ) used may comprise : a ) positive and negative acknowledgements 
for transmission of physical channel ( s ) or signal ( s ) may for data packets transmitted at least one downlink carrier , b ) 
depend on the number of antenna port ( s ) configured for the channel state information for at least one downlink carrier , 
physical channel ( s ) or signal ( s ) . c ) scheduling request , and / or the like . 

Element ( s ) in a resource grid may be called a resource 55 According to some of the various embodiments , physical 
element . A physical resource block may be defined as N downlink control channel ( s ) may carry scheduling assign 
consecutive SC - FDMA symbols in the time domain and / or ments and other control information . The number of 
M consecutive subcarriers in the frequency domain , wherein resource - elements not assigned to PCFICH or PHICH may 
M and N may be pre - defined integer values . Physical be assigned to PDCCH . PDCCH may support multiple 
resource block ( s ) in uplink ( s ) may comprise of MxN 60 formats . Multiple PDCCH packets may be transmitted in a 
resource elements . For example , a physical resource block subframe . PDCCH may be coded by tail biting convolution 
may correspond to one slot in the time domain and 180 kHz ally encoder before transmission . PDCCH bits may be 
in the frequency domain . Baseband signal ( s ) representing scrambled with a cell - specific sequence prior to modulation , 
the physical uplink shared channel may be defined in terms resulting in block ( s ) of scrambled bits . Scrambling sequence 
of : a ) scrambling , b ) modulation of scrambled bits to gen- 65 generator ( s ) may be initialized at the start of subframe ( s ) . 
erate complex - valued symbols , c ) mapping of complex- Block ( s ) of scrambled bits may be modulated using QPSK . 
valued modulation symbols onto one or several transmission Block ( s ) of modulation symbols may be mapped to at least 
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one layer and precoded resulting in a block of vectors recipient ( s ) may be able to decrypt the packet ( s ) . A first 
representing the signal for at least one antenna port . PDCCH plurality of data packet ( s ) and / or a second plurality of data 
may be transmitted on the same set of antenna ports as the packet ( s ) may be encrypted using an encryption key and at 
PBCH , wherein PBCH is a physical broadcast channel least one parameter that may change substantially rapidly 
broadcasting at least one basic system information field . over time . The encryption mechanism may provide a trans 

According to some of the various embodiments , sched- mission that may not be easily eavesdropped by unwanted 
uling control packet ( s ) may be transmitted for packet ( s ) or receivers . The encryption mechanism may include addi 
group ( s ) of packets transmitted in downlink shared tional parameter ( s ) in an encryption module that changes 
channel ( s ) . Scheduling control packet ( s ) may include infor substantially rapidly in time to enhance the security mecha 
mation about subcarriers used for packet transmission ( s ) . 10 nism . Example varying parameter ( s ) may comprise various 
PDCCH may also provide power control commands for types of system counter ( s ) , such as system frame number . 
uplink channels . OFDM subcarriers that are allocated for Substantially rapidly may for example imply changing on a 

per subframe , frame , or group of subframes basis . Encryp transmission of PDCCH may occupy the bandwidth of tion may be provided by a PDCP layer between the trans downlink carrier ( s ) . PDCCH channel ( s ) may carry a plural- mitter and receiver , and / or may be provided by the appli 
ity of downlink control packets in subframe ( s ) . PDCCH may 15 cation layer . Additional overhead added to packet ( s ) by 
be transmitted on downlink carrier ( s ) starting from the first lower layers such as RLC , MAC , and / or Physical layer may 
OFDM symbol of subframe ( s ) , and may occupy up to not be encrypted before transmission . In the receiver , the 
multiple symbol duration ( s ) ( e.g. 3 or 4 ) . plurality of encrypted data packet ( s ) may be decrypted using 

According to some of the various embodiments , PHICH a first decryption key and at least one first parameter . The 
may carry the hybrid - ARQ ( automatic repeat request ) ACK / 20 plurality of data packet ( s ) may be decrypted using an 
NACK . Multiple PHICHs mapped to the same set of additional parameter that changes substantially rapidly over 
resource elements may constitute a PHICH group , where time . 
PHICHs within the same PHICH group may be separated According to some of the various aspects of embodi 
through different orthogonal sequences . PHICH resource ( s ) ments , a wireless device may be preconfigured with one or 
may be identified by the index pair ( group , sequence ) , where 25 more carriers . When the wireless device is configured with 
group ( s ) may be the PHICH group number ( s ) and more than one carrier , the base station and / or wireless device 
sequence ( s ) may be the orthogonal sequence index within may activate and / or deactivate the configured carriers . One 
the group ( s ) . For frame structure type 1 , the number of of the carriers ( the primary carrier ) may always be activated . 
PHICH groups may depend on parameters from higher Other carriers may be deactivated by default and / or may be 
layers ( RRC ) . For frame structure type 2 , the number of 30 activated by a base station when needed . A base station may 
PHICH groups may vary between downlink subframes activate and deactivate carriers by sending an activation / 
according to a pre - defined arrangement . Block ( s ) of bits deactivation MAC control element . Furthermore , the UE 
transmitted on one PHICH in one subframe may be modu- may maintain a carrier deactivation timer per configured 
lated using BPSK or QPSK , resulting in a block ( s ) of carrier and deactivate the associated carrier upon its expiry . 
complex - valued modulation symbols . Block ( s ) of modula- 35 The same initial timer value may apply to instance ( s ) of the 
tion symbols may be symbol - wise multiplied with an carrier deactivation timer . The initial value of the timer may 
orthogonal sequence and scrambled , resulting in a sequence be configured by a network . The configured carriers ( unless 
of modulation symbols the primary carrier ) may be initially deactivated upon addi 

Other arrangements for PCFICH , PHICH , PDCCH , and / tion and after a handover . 
or PDSCH may be supported . The configurations presented 40 According to some of the various aspects of embodi 
here are for example purposes . In another example , ments , if a wireless device receives an activation / deactiva 
resources PCFICH , PHICH , and / or PDCCH radio resources tion MAC control element activating the carrier , the wireless 
may be transmitted in radio resources including a subset of device may activate the carrier , and / or may apply normal 
subcarriers and pre - defined time duration in each or some of carrier operation including : sounding reference signal trans 
the subframes . In an example , PUSCH resource ( s ) may start 45 missions on the carrier , CQI ( channel quality indicator ) / PMI 
from the first symbol . In another example embodiment , ( precoding matrix indicator ) / RI ( ranking indicator ) report 
radio resource configuration ( s ) for PUSCH , PUCCH , and / or ing for the carrier , PDCCH monitoring on the carrier , 
PRACH ( physical random access channel ) may use a dif- PDCCH monitoring for the carrier , start or restart the carrier 
ferent configuration . For example , channels may be time deactivation timer associated with the carrier , and / or the 
multiplexed , or time / frequency multiplexed when mapped to 50 like . If the device receives an activation / deactivation MAC 
uplink radio resources . control element deactivating the carrier , and / or if the carrier 

According to some of the various aspects of embodi- deactivation timer associated with the activated carrier 
ments , control message ( s ) or control packet ( s ) may be expires , the base station or device may deactivate the carrier , 
scheduled for transmission in a physical downlink shared and may stop the carrier deactivation timer associated with 
channel ( PDSCH ) and / or physical uplink shared channel 55 the carrier , and / or may flush HARQ buffers associated with 
PUSCH . PDSCH and PUSCH may carry control and data the carrier . 
message ( s ) / packet ( s ) . Control message ( s ) and / or packet ( s ) If PDCCH on a carrier scheduling the activated carrier 
may be processed before transmission . For example , the indicates an uplink grant or a downlink assignment for the 
control message ( s ) and / or packet ( s ) may be fragmented or activated carrier , the device may restart the carrier deacti 
multiplexed before transmission . A control message in an 60 vation timer associated with the carrier . When a carrier is 
upper layer may be processed as a data packet in the MAC deactivated , the wireless device may not transmit SRS 
or physical layer . For example , system information block ( s ) ( sounding reference signal ) for the carrier , may not report 
as well as data traffic may be scheduled for transmission in CQI / PMI / RI for the carrier , may not transmit on UL - SCH 
PDSCH . Data packet ( s ) may be encrypted packets . for the carrier , may not monitor the PDCCH on the carrier , 

According to some of the various aspects of embodi- 65 and / or may not monitor the PDCCH for the carrier . 
ments , data packet ( s ) may be encrypted before transmission A process to assign subcarriers to data packets may be 
to secure packet ( s ) from unwanted receiver ( s ) . Desired executed by a MAC layer scheduler . The decision on assign 
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ing subcarriers to a packet may be made based on data may perform channel mapping , scheduling , random access 
packet size , resources required for transmission of data channel procedures , uplink timing maintenance , and / or the 
packets ( number of radio resource blocks ) , modulation and like . 
coding assigned to data packet ( s ) , QoS required by the data According to some of the various aspects of embodi 
packets ( i.e. QoS parameters assigned to data packet bearer ) , 5 ments , the MAC layer may map logical channel ( s ) carrying 
the service class of a subscriber receiving the data packet , or RLC PDUs ( packet data unit ) to transport channel ( s ) . For 
subscriber device capability , a combination of the above , transmission , multiple SDUs ( service data unit ) from logical 
and / or the like . channel ( s ) may be mapped to the Transport Block ( TB ) to be 

According to some of the various aspects of embodi- sent over transport channel ( s ) . For reception , TBs from 
ments , packets may be referred to service data units and / or transport channel ( s ) may be demultiplexed and assigned to 
protocols data units at Layer 1 , Layer 2 and / or Layer 3 of the corresponding logical channel ( s ) . The MAC layer may per 
communications network . Layer 2 in an LTE network may form scheduling related function ( s ) in both the uplink and 
include three sub - layers : PDCP sub - layer , RLC sub - layer , downlink and thus may be responsible for transport format 
and MAC sub - layer . A layer 2 packet may be a PDCP packet , 15 selection associated with transport channel ( s ) . This may 
an RLC packet or a MAC layer packet . Layer 3 in an LTE include HARQ functionality . Since scheduling may be done 
network may be Internet Protocol ( IP ) layer , and a layer 3 at the base station , the MAC layer may be responsible for 
packet may be an IP data packet . Packets may be transmitted reporting scheduling related information such as UE ( user 
and received via an air interface physical layer . A packet at equipment or wireless device ) buffer occupancy and power 
the physical layer may be called a transport block . Many of 20 headroom . It may also handle prioritization from both an 
the various embodiments may be implemented at one or inter - UE and intra - UE logical channel perspective . MAC 
many different communication network layers . For example , may also be responsible for random access procedure ( s ) for 
some of the actions may be executed by the PDCP layer and the uplink that may be performed following either a con 
some others by the MAC layer . tention and non - contention based process . UE may need to 

According to some of the various aspects of embodi- 25 maintain timing synchronization with cell ( s ) . The MAC 
ments , subcarriers may include data subcarrier symbols and layer may perform procedure ( s ) for periodic synchroniza 
pilot subcarrier symbols . Pilot symbols may not carry user tion . 
data , and may be included in the transmission to help the In this specification , “ a ” and “ an ” and similar phrases are 
receiver to perform synchronization , channel estimation to be interpreted as “ at least one ” and “ one or more . ” In this 
and / or signal quality detection . Base stations and wireless 30 specification , the term “ may ” is to be interpreted as “ may , 
devices ( wireless receiver ) may use different methods to for example , ” In other words , the term “ may ” is indicative 
generate and transmit pilot symbols along with information that the phrase following the term “ may ” is an example of 
symbols . one of a multitude of suitable possibilities that may , or may 

According to some of the various aspects of embodi- not , be employed to one or more of the various embodi 
ments , the transmitter in the disclosed embodiments of the 35 ments . If A and B are sets and every element of A is also an 
present invention may be a wireless device ( also called user element of B , A is called a subset of B. In this specification , 
equipment ) , a base station ( also called eNodeB ) , a relay only non - empty sets and subsets are considered . For 
node transmitter , and / or the like . The receiver in the dis- example , possible subsets of B = { celli , cell2 } are : { cell } , 
closed embodiments of the present invention may be a { cel12 } , and { celli , cel12 } . 
wireless device ( also called user equipment - UE ) , a base 40 Many of the elements described in the disclosed embodi 
station ( also called eNodeB ) , a relay node receiver , and / or ments may be implemented as modules . A module is defined 
the like . According to some of the various aspects of here as an isolatable element that performs a defined func 
embodiments of the present invention , layer 1 ( physical tion and has a defined interface to other elements . The 
layer ) may be based on OFDMA or SC - FDMA . Time may modules described in this disclosure may be implemented in 
be divided into frame ( s ) with fixed duration . Frame ( s ) may 45 hardware , software in combination with hardware , firmware , 
be divided into substantially equally sized subframes , and wetware ( i.e. hardware with a biological element ) or a 
subframe ( s ) may be divided into substantially equally sized combination thereof , all of which are behaviorally equiva 
slot ( s ) . A plurality of OFDM or SC - FDMA symbol ( s ) may lent . For example , modules may be implemented as a 
be transmitted in slot ( s ) . OFDMA or SC - FDMA symbol ( s ) software routine written in a computer language configured 
may be grouped into resource block ( s ) . A scheduler may 50 to be executed by a hardware machine ( such as C , C ++ , 
assign resource ( s ) in resource block unit ( s ) , and / or a group Fortran , Java , Basic , Matlab or the like ) or a modeling 
of resource block unit ( s ) . Physical resource block ( s ) may be simulation program such as Simulink , Stateflow , GNU 
resources in the physical layer , and logical resource block ( s ) Octave , or Lab VIEWMathScript . Additionally , it may be 
may be resource block ( s ) used by the MAC layer . Similar to possible to implement modules using physical hardware that 
virtual and physical subcarriers , resource block ( s ) may be 55 incorporates discrete or programmable analog , digital and / or 
mapped from logical to physical resource block ( s ) . Logical quantum hardware . Examples of programmable hardware 
resource block ( s ) may be contiguous , but corresponding comprise : computers , microcontrollers , microprocessors , 
physical resource block ( s ) may be non - contiguous . Some of application - specific integrated circuits ( ASICs ) ; field pro 
the various embodiments of the present invention may be grammable gate arrays ( FPGAs ) ; and complex program 
implemented at the physical or logical resource block 60 mable logic devices ( CPLDs ) . Computers , microcontrollers 
level ( s ) . and microprocessors are programmed using languages such 

According to some of the various aspects of embodi- as assembly , C , C ++ or the like . FPGAs , ASICs and CPLDs 
ments , layer 2 transmission may include PDCP ( packet data are often programmed using hardware description languages 
convergence protocol ) , RLC ( radio link control ) , MAC ( HDL ) such as VHSIC hardware description language 
( media access control ) sub - layers , and / or the like . MAC may 65 ( VHDL ) or Verilog that configure connections between 
be responsible for the multiplexing and mapping of logical internal hardware modules with lesser functionality on a 
channels to transport channels and vice versa . A MAC layer programmable device . Finally , it needs to be emphasized 

a 



US 9.565,674 B2 
35 36 

that the above mentioned technologies are often used in wherein , during the time the cross carrier scheduling is 
combination to achieve the result of a functional module . configured and the secondary carrier is activated , when 

The disclosure of this patent document incorporates mate the primary carrier enters an almost blank subframe , the 
rial which is subject to copyright protection . The copyright secondary carrier also enters an almost blank subframe . 
owner has no objection to the facsimile reproduction by 5 2. The method of claim 1 , wherein the at least one unicast 
anyone of the patent document or the patent disclosure , as it control message further comprises : 
appears in the Patent and Trademark Office patent file or a first measurement subframe allocation bitmap identify records , for the limited purposes required by law , but oth ing a first plurality of measurement subframes of the erwise reserves all copyright rights whatsoever . secondary carrier ; and While various embodiments have been described above , 10 
it should be understood that they have been presented by a second measurement subframe allocation bitmap iden 
way of example , and not limitation . It will be apparent to tifying a second plurality of measurement subframes of 
persons skilled in the relevant art ( s ) that various changes in the secondary carrier . 
form and detail can be made therein without departing from 3. The method of claim 2 , further comprising receiving 
the spirit and scope . In fact , after reading the above descrip- 15 first channel state information ( CSI ) and second CSI from 
tion , it will be apparent to one skilled in the relevant art ( s ) the wireless device , the first CSI being measured on a first 
how to implement alternative embodiments . Thus , the pres plurality of OFDM subcarriers of the secondary carrier on 
ent embodiments should not be limited by any of the above the first plurality of measurement subframes , the second CSI 
described exemplary embodiments . In particular , it should being measured on a second plurality of OFDM subcarriers 
be noted that , for example purposes , the above explanation 20 of the secondary carrier on the second plurality of measure 
has focused on the example ( s ) using FDD communication ment subframes . 
systems . However , one skilled in the art will recognize that 4. The method of claim 3 , wherein the at least one unicast 
embodiments of the invention may also be implemented in control message further comprises : 
TDD communication systems . The disclosed methods and one or more third parameters identifying a CSI transmis systems may be implemented in wireless or wireline sys- 25 sion resource ; 
tems . The features of various embodiments presented in this one or more CSI measurement resource parameters ; and invention may be combined . One or many features ( method 
or system ) of one embodiment may be implemented in other one or more fourth parameters identifying a physical 
embodiments . Only a limited number of example combina uplink control channel format . 
tions are shown to indicate to one skilled in the art the 30 5. The method of claim 3 , further comprising transmitting 
possibility of features that may be combined in various a plurality of data packets to the wireless device on the 
embodiments to create enhanced transmission and reception secondary carrier , the plurality of data packets being 
systems and methods . encoded and modulated based , at least in part , on one of the 

In addition , it should be understood that any figures which first and second CSI . 
highlight the functionality and advantages , are presented for 35 6. The method of claim 3 , wherein : 
example purposes only . The disclosed architecture is suffi the first plurality of measurement subframes exclude the 
ciently flexible and configurable , such that it may be utilized second set of almost blank subframes on the secondary 
in ways other than that shown . For example , the actions carrier ; and 
listed in any flowchart may be re - ordered or only optionally the second plurality of measurement subframes exclude used in some embodiments . subframes in the first plurality of measurement sub Further , the purpose of the Abstract of the Disclosure is to frames . 
enable the U.S. Patent and Trademark Office and the public 7. The method of claim 1 , wherein in an almost blank generally , and especially the scientists , engineers and prac subframe of the base station : titioners in the art who are not familiar with patent or legal 
terms or phraseology , to determine quickly from a cursory 45 no signal is transmitted by the base station ; or 
inspection the nature and essence of the technical disclosure signals are transmitted at an almost blank subframe power 
of the application . The Abstract of the Disclosure is not level that is substantially lower than a transmit power 
intended to be limiting as to the scope in any way . during a non - almost blank subframe . 

Finally , it is the applicant's intent that only claims that 8. The method of claim 1 , further comprising transmitting , 
include the express language “ means for ” or “ step for ” be 50 in an almost blank subframe , a common reference signal 
interpreted under 35 U.S.C. 112 , paragraph 6. Claims that do only in a control region of the almost blank subframe . 
not expressly include the phrase “ means for ” or “ step for ” 9. The method of claim 1 , wherein the at least one unicast are not to be interpreted under 35 U.S.C. 112 , paragraph 6 . control message further comprises at least one measurement What is claimed is : subframe parameter of a plurality neighboring carriers . 1. A method comprising comprising : 

10. The method of claim 1 , wherein the at least one broadcasting first parameters identifying a first set of 
subframes on a primary carrier as almost blank sub unicast control message further comprises : 
frames ; and a first measurement subframe allocation bitmap identify 

transmitting to a wireless device at least one unicast ing a first plurality of measurement subframes of the 
control message comprising : secondary carrier , the first plurality of measurement 
second parameters identifying a second set of sub- subframes excluding the second set of almost blank 

frames on a secondary carrier as almost blank sub subframes on the secondary carrier ; 
frames ; and a second measurement subframe allocation bitmap iden 

at least one cross carrier scheduling parameter indicat- tifying a second plurality of measurement subframes of 
ing that the primary carrier carries scheduling infor- 65 the secondary carrier , the second plurality of measure 
mation for packets transmitted to the wireless device ment subframes excluding subframes in the first plu 
on a data channel of the secondary carrier ; and rality of measurement subframes . 
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11. A method comprising : 15. The method of claim 13 , further comprising receiving 
receiving from a base station a broadcast message com- a plurality of data packets from the base station on the 

prising first parameters identifying a first set of sub- secondary carrier , the plurality of data packets being 
frames on a primary carrier as almost blank subframes ; encoded and modulated based , at least in part , on one of the 
and first and second CSI . 

receiving from the base station at least one unicast control 16. The method of claim 13 , wherein : 
the first plurality of measurement subframes exclude the message comprising : 

second parameters identifying a second set of sub second set of almost blank subframes on the secondary 
frames on a secondary carrier as almost blank sub carrier ; and 
frames ; and the second plurality of measurement subframes exclude 

at least one cross carrier scheduling parameter indicat subframes in the first plurality of measurement sub 
frames . ing that the primary carrier carries scheduling infor 

mation for packets received from the base station on 17. The method of claim 11 , wherein in an almost blank 
subframes of the base station : a data channel of the secondary carrier ; and 

wherein , during the time the cross carrier scheduling is 15 no signal is transmitted by the base station ; or 
configured and the secondary carrier is activated , when signals are transmitted by the base station at an almost 
the primary carrier enters an almost blank subframe , the blank subframe power level that is substantially lower 
secondary carrier also enters an almost blank subframe . than a transmit power during a non - almost blank sub 

frame . 12. The method of claim 11 , wherein the at least one 
unicast control message further comprises : 18. The method of claim 11 , wherein the instructions , 

a first measurement subframe allocation bitmap identify when executed , further cause the wireless device to receive , 
ing a first plurality of measurement subframes of the in an almost blank subframe , a common reference signal 
secondary carrier ; and only in a control region of the almost blank subframe . 

a second measurement subframe allocation bitmap iden 19. The method of claim 11 , wherein the at least one 
tifying a second plurality of measurement subframes of 25 unicast control message further comprises at least one 
the secondary carrier . measurement subframe parameter of a plurality neighboring 

13. The method of claim 12 , further comprising receiving carriers . 

first channel state information ( CSI ) and second CSI , the 20. The method of claim 11 , wherein the at least one 
first CSI being measured on a first plurality of OFDM unicast control message further comprises : 
subcarriers of the secondary carrier on the first plurality of 30 a first measurement subframe allocation bitmap identify 
measurement subframes , the second CSI being measured on ing a first plurality of measurement subframes of the 
a second plurality of OFDM subcarriers of the secondary secondary carrier , the first plurality of measurement 
carrier on the second plurality of measurement subframes . subframes excluding the second set of almost blank 

14. The method of claim 13 , wherein the at least one subframes on the secondary carrier ; 
unicast control message further comprises : a second measurement subframe allocation bitmap iden 

one or more third parameters identifying a CSI transmis tifying a second plurality of measurement subframes of 
sion resource ; the secondary carrier , the second plurality of measure 

one or more CSI measurement resource parameters ; and ment subframes excluding subframes in the first plu 
one or more fourth parameters identifying a physical rality of measurement subframes . 

uplink control channel format . 
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