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FLEXIBLE BANDWIDTH OPERATION IN 
WIRELESS SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Patent Application No. 61/522,883, filed Aug. 12, 2011, U.S. 
Provisional Patent Application No. 61/555,887, filed Nov. 4, 
2011, and U.S. Provisional Patent Application No. 61/611, 
244, filed Mar. 15, 2012, the contents of which are hereby 
incorporated by reference herein. 

BACKGROUND 

The Third Generation Partnership Project (3GPP) Long 
Term Evolution (LTE) standards provide specifications for 
high performance air interfaces for cellular mobile commu­
nication systems. LTE specifications are based on Global 
System for Mobile Communications (GSM) specifications 
and provide the upgrade path for 3G networks to evolve into 
partially-compliant 4G networks. LTE Advanced is an 
enhancement of the LTE standard that provides a fully-com­
pliant 4G upgrade path for LTE and 3G networks. 

2 
carrier segment such that the number of null RBs plus the 
number ofRBs of the second carrier segment is divisible by 
the size of the RBGs. The number of null RBs may be vari­
able. 

The resource allocation information may comprise three 
bitmaps. A first bitmap may be associated with the RBGs of a 
component carrier. A second bitmap may be associated with 
the RBGs of a first carrier segment. A third bitmap may be 
associated with the RBGs of a second carrier segment. A 

10 number ofbits/RBG for the first bitmap, the second bitmap, 
and the third bitmap may be the number of resource blocks 
(RB) in the respective carrier divided by the size of the RBG. 
If the number of RBGs of the component carrier, the first 

15 
carrier segment, and/or the second carrier segment is not an 
integer multiple of the size of the RBGs, then a number of null 
RBs may be inserted into the last RBG of the respective 
carrier such that the number of null RBs plus the number of 
RBs of the respective carrier is divisible by the size of the 

20 RBGs. 

A goal of 3GPPP and LTE is the simplification of the 25 

architecture of cellular mobile communication systems. One 
step in simplifying this architecture is transitioning from 
existing 3GPP universal mobile telecommunications system 
(UMTS) combined circuit and packet switched networks to 
pure internet protocol (IP) packet switched systems. Because 30 

the adoption of LTE is an ongoing process and many mobile 
devices are not yet compatible with LTE packet switched 
technologies, operators of LTE networks will typically run 
such networks in conjunction with circuit-switched net­
works. This allows network operators to service users of 35 

circuit-switched compatible devices as well as users ofLTE 
compatible devices. 

A WTRU may receive resource allocation information 
associated with a component carrier and at least one carrier 
segment. The component carrier and the least one carrier 
segment comprising a plurality of resource block groups 
(RBG). A size of a resource block group (RBG) of the com­
ponent carrier and the at least one carrier segment may be 
based on a scaling factor multiplied by a 3GPP Rel-10 RBG 
size of the component carrier. The 3GPP Rel-10 RBG size 
may be determined by the system bandwidth of the compo­
nent carrier. The WTRU may determine at least one RBG 
allocated to the WTRU using the resource allocation infor-
mation. The WTRU may receive and decode the at least one 
RBG allocated to the WTRU. 

The scaling factor may be determined by the maximum 
number of resource blocks (RB) of the component carrier and 
the one or more carrier segments. If a combined number of 
RBs of the one or more carrier segments is less than or equal 
to the number of RBs of the component carrier, then the 
scaling factor may be two. If a combined number of RBs of SUMMARY 

40 the one or more carrier segments is greater than the number of 
RBs of the component carrier, then the scaling factor may be 
x, wherein x equals a combined number of RBs of the com­
ponent carrier and the one or more carrier segments divided 

Systems, methods, and instrumentalities are disclosed for 
downlink resource allocation associated with a shared fre­
quency band. A WTRU may receive resource allocation infor­
mation associated with a component carrier and at least one 
carrier segment. The component carrier and the least one 45 

carrier segment may each comprise a plurality of resource 
block groups (RBG). A size of a resource block group (RBG) 

by a number of RBs of the component carrier. 
The resource allocation information may be associated 

with a bitmap. A number of bits for the bitmap may be 
determined by a combined number ofRBs of the component 
carrier and the one or more carrier segments divided by the 
size of a RBG. Two or more consecutive RBs may be grouped 

of the component carrier and a RBG of the at least one carrier 
segment may be determined by a function ofbandwidth of the 
component carrier. At least two bitmaps may be associated 
with the resource allocation information. The WTRU may 
determine at least one RBG allocated to the WTRU using the 
resource allocation information. The WTRU may receive and 
decode the at least one RBG allocated to the WTRU. 

The resource allocation information may comprise two 
bitmaps. A first bitmap may be associated with the RBGs of 
the component carrier and the RBGs of a first carrier segment. 
A second bitmap may be associated with the RBGs of a 
second carrier segment. A number of bits/RBG for the first 
bitmap may be equal to a combined number of resource 
blocks (RB) in the component carrier and first carrier segment 
divided by the size of the RBG. A number ofbits/RBG for the 
second bitmap may be equal to a number of resource blocks 
(RB) in the second carrier segment divided by the size of the 
RBG. If a number of RBGs of the second carrier segment is 
not an integer multiple of the size of the RBGs, then a number 
of null RBs may be inserted into a last RBG of the second 

50 together into a RBG element according to the size of the 
RBG. A RB may be grouped together with one or more 
nonconsecutive RB into a RBG element according to the size 
of the RBG. 

A WTRU may receive resource allocation information 
55 associated with a component carrier and at least one carrier 

segment. The component carrier and the least one carrier 
segment may comprise a plurality of resource block groups 
(RBG). A size of a RBG of the component carrier and the at 
least one carrier segment may be based on a combined num-

60 ber of resource blocks (RB) of the component carrier and the 
one or more carrier segments divided by a 3GPP Rel-10 RBG 
size of the component carrier. The 3GPP Rel-10 RBG size 
may be determined by the system bandwidth of the compo­
nent carrier. The WTRU may determine at least one RBG 

65 allocated to the WTRU using the resource allocation infor­
mation. The WTRU may receive and decode the at least one 
RBG allocated to the WTRU. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lA is a system diagram of an example communica­
tions system in which one or more disclosed embodiments 
may be implemented. 

FIG. lB is a system diagram of an example wireless trans­
mit/receive unit (WTRU) that may be used within the com­
munications system illustrated in FIG. lA. 

FIG. lC is a system diagram of an example radio access 
network and an example core network that may be used 
within the communications system illustrated in FIG. lA. 

FIG. lD is a system diagram of another example radio 
access network and another example core network that may 
be used within the communications system illustrated in FIG. 
lA. 

FIG. lE is a system diagram of another example radio 
access network and another example core network that may 
be used within the communications system illustrated in FIG. 
lA. 

FIG. 2 is a diagram illustrating example resource block 
assignment information. 

FIG. 3 is a diagram illustrating an example frame structure 
inLTE. 

FIG. 4 is a diagram illustrating an example mapping of a 
PSS sequence to subcarriers. 

FIG. 5 is a diagram illustrating an example subcarriermap­
ping for two SSS short sequences. 

FIG. 6 illustrates an example carrier segment structure. 
FIGS. 7 to 17 are diagrams illustrating example bitmap­

ping. 
FIG. 18 is a diagram illustrating an example DCI transmis­

sion for CSs in PDSCH. 
FIGS. 19 and 20 are diagrams illustrating examples of 

numbering procedures for Physical Resource Blocks (PRB)s. 
FIGS. 21 and 22 are diagrams illustrating example map­

ping of PDSCH in carrier segments. 
FIG. 23 is a diagram illustrating an example of PDSCH 

transmission in carrier segment in MBSFN subframes. 

DETAILED DESCRIPTION 

4 
networks 112, though it will be appreciated that the disclosed 
embodiments contemplate any number ofWTRUs, base sta­
tions, networks, and/or network elements. Each of the 
WTRUs 102a, 102b, 102c, 102d may be any type of device 

5 configured to operate and/or communicate in a wireless envi­
ronment. By way of example, the WTRUs 102a, 102b, 102c, 
102d may be configured to transmit and/or receive wireless 
signals and may include user equipment (UE), a mobile sta­
tion, a fixed or mobile subscriber unit, a pager, a cellular 

10 telephone, a personal digital assistant (PDA), a smartphone, a 
laptop, a netbook, a personal computer, a wireless sensor, 
consumer electronics, and the like. 

The communications systems 100 may also include a base 
station 114a and a base station 114b. Each of the base stations 

15 114a, 114b may be any type of device configured to wire­
lessly interface with at least one of the WTRUs 102a, 102b, 
102c, 102d to facilitate access to one or more communication 
networks, such as the core network 106/107 /109, the Internet 
110, and/or the networks 112. By way of example, the base 

20 stations 114a, 114b may be a base transceiver station (BTS), 
a Node-B, an eNode B, a Home Node B, a Home eNode B, a 
site controller, an access point (AP), a wireless router, and the 
like. While the base stations 114a, 114b are each depicted as 
a single element, it will be appreciated that the base stations 

25 114a, 114b may include any number of interconnected base 
stations and/or network elements. 

The base station 114a may be part of the RAN 103/104/ 
105, which may also include other base stations and/or net­
work elements (not shown), such as a base station controller 

30 (BSC), a radio network controller (RNC), relay nodes, etc. 
The base station 114a and/or the base station 114b may be 
configured to transmit and/or receive wireless signals within 
a particular geographic region, which may be referred to as a 
cell (not shown). The cell may further be divided into cell 

35 sectors. For example, the cell associated with the base station 
114a may be divided into three sectors. Thus, in one embodi­
ment, the base station 114a may include three transceivers, 
i.e., one for each sector of the cell. In another embodiment, the 
base station 114a may employ multiple-input multiple output 

40 (MIMO) technology and, therefore, may utilize multiple 
transceivers for each sector of the cell. 

A detailed description of illustrative embodiments will 
now be described with reference to the various Figures. 
Although this description provides a detailed example of 
possible implementations, it should be noted that the details 45 

are intended to be exemplary and in no way limit the scope of 
the application. 

The base stations 114a, 114b may communicate with one 
or more of the WTRUs 102a, 102b, 102c, 102d over an air 
interface 115/116/117, which may be any suitable wireless 
communication link ( e.g., radio frequency (RF), microwave, 
infrared (IR), ultraviolet (UV), visible light, etc.). The air 
interface 115/116/117 may be established using any suitable 
radio access technology (RAT). FIG. lA is a diagram of an example communications sys­

tem 100 in which one or more disclosed embodiments may be 
implemented. The communications system 100 may be a 50 

multiple access system that provides content, such as voice, 
data, video, messaging, broadcast, etc., to multiple wireless 
users. The communications system 100 may enable multiple 
wireless users to access such content through the sharing of 
system resources, including wireless bandwidth. For 55 

example, the communications systems 100 may employ one 
or more channel access methods, such as code division mul­
tiple access (CDMA), time division multiple access 
(TDMA), frequency division multiple access (FDMA), 
orthogonal FDMA (OFDMA), single-carrier FDMA (SC- 60 

FDMA), and the like. 
As shown in FIG. lA, the communications system 100 may 

include wireless transmit/receive units (WTRU s) 102a, 102b, 
102c, and/or 102d (which generally or collectively may be 
referred to as WTRU 102), a radio access network (RAN) 65 

103/104/105, a core network 106/107 /109, a public switched 
telephone network (PSTN) 108, the Internet 110, and other 

More specifically, as noted above, the communications 
system 100 may be a multiple access system and may employ 
one or more channel access schemes, such as CDMA, 
TDMA, FDMA, OFDMA, SC-FDMA, and the like. For 
example, the base station 114a in the RAN 103/104/105 and 
the WTRUs 102a, 102b, 102c may implement a radio tech­
nology such as Universal Mobile Telecommunications Sys­
tem (UMTS) Terrestrial Radio Access (UTRA), which may 
establish the air interface 115/116/117 using wideband 
CDMA (WCDMA). WCDMA may include communication 
protocols such as High-Speed Packet Access (HSPA) and/or 
Evolved HSPA (HSPA+ ). HSPA may include High-Speed 
Downlink Packet Access (HSDPA) and/or High-Speed 
Uplink Packet Access (HSUPA). 

In another embodiment, the base station 114a and the 
WTRU s 102a, 102b, 102c may implement a radio technology 
such as Evolved UMTS Terrestrial Radio Access (E-UTRA), 
which may establish the air interface 115/116/117 using Long 
Term Evolution (LTE) and/or LTE-Advanced (LTE-A). 
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In other embodiments, the base station 114a and the 
WTRU s 102a, 102b, 102c may implement radio technologies 
such as IEEE 802.16 (i.e., Worldwide Interoperability for 
Microwave Access (WiMAX)), CDMA2000, CDMA2000 
IX, CDMA2000 EV-DO, Interim Standard 2000 (IS-2000), 5 

Interim Standard 95 (IS-95), Interim Standard 856 (IS-856), 
Global System for Mobile communications (GSM), 
Enhanced Data rates for GSM Evolution (EDGE), GSM 
EDGE (GERAN), and the like. 

The base station 114b in FIG. lA may be a wireless router, 10 

Home Node B, Home eNode B, or access point, for example, 
and may utilize any suitable RAT for facilitating wireless 
connectivity in a localized area, such as a place of business, a 
home, a vehicle, a campus, and the like. In one embodiment, 
the base station 114b and the WTRUs 102c, 102d may imple- 15 

ment a radio technology such as IEEE 802.11 to establish a 
wireless local area network (WLAN). In another embodi­
ment, the base station 114b and the WTRU s 102c, 102d may 
implement a radio technology such as IEEE 802.15 to estab­
lish a wireless personal area network (WPAN). In yet another 20 

embodiment, the base station 114b and the WTRUs 102c, 
102d may utilize a cellular-based RAT (e.g., WCDMA, 
CDMA2000, GSM, LTE, LTE-A, etc.) to establish a picocell 
or femtocell. As shown in FIG. lA, the base station 114b may 
have a direct connection to the Internet 110. Thus, the base 25 

station 114b may not be required to access the Internet 110 via 
the core network 106/107/109. 

6 
cellular-based radio technology, and with the base station 
114b, which may employ an IEEE 802 radio technology. 

FIG. 1B is a system diagram of an example WTRU 102. As 
shown in FIG. 1B, the WTRU 102 may include a processor 
118, a transceiver 120, a transmit/receive element 122, a 
speaker/microphone 124, a keypad 126, a display/touchpad 
128, non-removable memory 130, removable memory 132, a 
power source 134, a global positioning system (GPS) chipset 
136, and other peripherals 138. It will be appreciated that the 
WTRU 102 may include any sub-combination of the forego­
ing elements while remaining consistent with an embodi-
ment. Also, embodiments contemplate that the base stations 
114a and 114b, and/or the nodes that base stations 114a and 
114b may represent, such as but not limited to transceiver 
station (BTS), a Node-B, a site controller, an access point 
(AP), a home node-B, an evolved home node-B ( eNodeB), a 
home evolved node-B (HeNB), a home evolved node-B gate­
way, and proxy nodes, among others, may include some or all 
of the elements depicted in FIG. 1B and described herein. 

The processor 118 may be a general purpose processor, a 
special purpose processor, a conventional processor, a digital 
signal processor (DSP), a plurality of microprocessors, one or 
more microprocessors in association with a DSP core, a con­
troller, a microcontroller, Application Specific Integrated Cir­
cuits (ASICs), Field Programmable Gate Array (FPGAs) cir­
cuits, any other type of integrated circuit (IC), a state 
machine, and the like. The processor 118 may perform signal 
coding, data processing, power control, input/output process­
ing, and/or any other functionality that enables the WTRU 

The RAN 103/104/105 may be in communication with the 
core network 106/107/109, which may be any type of net­
work configured to provide voice, data, applications, and/or 
voice over internet protocol (VoIP) services to one or more of 
the WTRUs 102a, 102b, 102c, 102d. For example, the core 
network 106/107/109 may provide call control, billing ser­
vices, mobile location-based services, pre-paid calling, Inter­
net connectivity, video distribution, etc., and/orperformhigh­
level security functions, such as user authentication. 
Although not shown in FIG. lA, it will be appreciated that the 
RAN 103/104/105 and/or the core network 106/107 /109 may 

30 102 to operate in a wireless environment. The processor 118 
may be coupled to the transceiver 120, which may be coupled 
to the transmit/receive element 122. While FIG. 1B depicts 
the processor 118 and the transceiver 120 as separate compo­
nents, it will be appreciated that the processor 118 and the 

35 transceiver 120 may be integrated together in an electronic 
package or chip. 

The transmit/receive element 122 may be configured to 
transmit signals to, or receive signals from, a base station 
(e.g., the base station 114a) over the air interface 115/116/ be in direct or indirect communication with other RANs that 

employ the same RAT as the RAN 103/104/105 or a different 
RAT. For example, in addition to being connected to the RAN 
103/104/105, which may be utilizing an E-UTRA radio tech­
nology, the core network 106/107/109 may also be in com­
munication with another RAN (not shown) employing a GSM 
radio technology. 

40 117. For example, in one embodiment, the transmit/receive 
element 122 may be an antenna configured to transmit and/or 
receive RF signals. In another embodiment, the transmit/ 
receive element 122 may be an emitter/detector configured to 
transmit and/or receive IR, UV, or visible light signals, for 

45 example. In yet another embodiment, the transmit/receive 
element 122 may be configured to transmit and receive both 
RF and light signals. It will be appreciated that the transmit/ 
receive element 122 may be configured to transmit and/or 

The core network 106/107 /109 may also serve as a gateway 
for the WTRU s 102a, 102b, 102c, 102d to access the PSTN 
108, the Internet 110, and/or other networks 112. The PSTN 
108 may include circuit-switched telephone networks that 
provide plain old telephone service (POTS). The Internet 110 50 

may include a global system of interconnected computer 
networks and devices that use common communication pro­
tocols, such as the transmission control protocol (TCP), user 
datagram protocol (UDP) and the internet protocol (IP) in the 
TCP/IP internet protocol suite. The networks 112 may 
include wired or wireless communications networks owned 
and/or operated by other service providers. For example, the 
networks 112 may include another core network connected to 
one or more RANs, which may employ the same RAT as the 
RAN 103/104/105 or a different RAT. 

receive any combination of wireless signals. 
In addition, although the transmit/receive element 122 is 

depicted in FIG. 1B as a single element, the WTRU 102 may 
include any number of transmit/receive elements 122. More 
specifically, the WTRU 102 may employ MIMO technology. 
Thus, in one embodiment, the WTRU 102 may include two or 

55 more transmit/receive elements 122 ( e.g., multiple antennas) 
for transmitting and receiving wireless signals over the air 
interface 115/116/117. 

The transceiver 120 may be configured to modulate the 
signals that are to be transmitted by the transmit/receive ele-

60 ment 122 and to demodulate the signals that are received by 
the transmit/receive element 122. As noted above, the WTRU 
102 may have multi-mode capabilities. Thus, the transceiver 
120 may include multiple transceivers for enabling the 

Some or all of the WTRUs 102a, 102b, 102c, 102d in the 
communications system 100 may include multi-mode capa­
bilities, i.e., the WTRUs 102a, 102b, 102c, 102d may include 
multiple transceivers for communicating with different wire­
less networks over different wireless links. For example, the 65 

WTRU 102c shown in FIG. lA may be configured to com­
municate with the base station 114a, which may employ a 

WTRU 102 to communicate via multiple RATs, such as 
UTRA and IEEE 802.11, for example. 

The processor 118 of the WTRU 102 may be coupled to, 
and may receive user input data from, the speaker/micro-
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phone 124, the keypad 126, and/or the display/touchpad 128 
(e.g., a liquid crystal display (LCD) display unit or organic 
light-emitting diode (OLED) display unit). The processor 118 
may also output user data to the speaker/microphone 124, the 
keypad 126, and/or the display/touchpad 128. In addition, the 5 

processor 118 may access information from, and store data in, 
any type of suitable memory, such as the non-removable 
memory 130 and/or the removable memory 132. The non­
removable memory 130 may include random-access memory 
(RAM), read-only memory (ROM), a hard disk, or any other 10 

type of memory storage device. The removable memory 132 
may include a subscriber identity module (SIM) card, a 
memory stick, a secure digital (SD) memory card, and the 
like. In other embodiments, the processor 118 may access 
information from, and store data in, memory that is not physi- 15 

cally located on the WTRU 102, such as on a server or a home 
computer (not shown). 

The processor 118 may receive power from the power 
source 134, and may be configured to distribute and/or con­
trol the power to the other components in the WTRU 102. The 20 

power source 134 may be any suitable device for powering 
the WTRU 102. For example, the power source 134 may 
include one or more dry cell batteries (e.g., nickel-cadmium 
(NiCd), nickel-zinc (NiZn), nickel metal hydride (NiMH), 
lithium-ion (Li-ion), etc.), solar cells, fuel cells, and the like. 25 

The processor 118 may also be coupled to the GPS chip set 
136, which may be configured to provide location informa­
tion ( e.g., longitude and latitude) regarding the location of the 
WTRU 102. In addition to, or in lieu of, the information from 
the GPS chipset 136, the WTRU 102 may receive location 30 

information over the air interface 115/116/117 from a base 

8 
142a, 142b may be in communication with one another via an 
Iur interface. Each of the RNCs 142a, 142b may be config­
ured to control the respective Node-Bs 140a, 140b, 140c to 
which it is connected. In addition, each of the RNCs 142a, 
142b may be configured to carry out or support other func­
tionality, such as outer loop power control, load control, 
admission control, packet scheduling, handover control, mac­
rodiversity, security functions, data encryption, and the like. 

The core network 106 shown in FIG. lC may include a 
media gateway (MGW) 144, a mobile switching center 
(MSC) 146, a serving GPRS support node (SGSN) 148, and/ 
or a gateway GPRS support node (GGSN) 150. While each of 
the foregoing elements are depicted as part of the core net­
work 106, it will be appreciated that any one of these elements 
may be owned and/ oroperated by an entity other than the core 
network operator. 

The RNC 142a in the RAN 103 may be connected to the 
MSC 146 in the core network 106 via an IuCS interface. The 
MSC 146 may be connected to the MGW 144. The MSC 146 
and the MGW 144mayprovidethe WTRUs 102a, 102b, 102c 
with access to circuit-switched networks, such as the PSTN 
108, to facilitate communications between the WTRUs 102a, 
102b, 102c and traditional land-line communications 
devices. 

The RNC 142a in the RAN 103 may also be connected to 
the SGSN 148 in the core network 106 via an IuPS interface. 
The SGSN 148 may be connected to the GGSN 150. The 
SGSN 148 and the GGSN 150 may provide the WTRU s 102a, 
102b, 102c with access to packet-switched networks, such as 
the Internet 110, to facilitate communications between and 
the WTRUs 102a, 102b, 102c and IP-enabled devices. 

station (e.g., base stations 114a, 114b) and/or determine its 
location based on the timing of the signals being received 
from two or more nearby base stations. It will be appreciated 
that the WTRU 102 may acquire location information by way 
of any suitable location-determination method while remain­
ing consistent with an embodiment. 

As noted above, the core network 106 may also be con­
nected to the networks 112, which may include other wired or 
wireless networks that are owned and/or operated by other 

35 service providers. 

The processor 118 may further be coupled to other periph­
erals 138, which may include one or more software and/or 
hardware modules that provide additional features, function­
ality and/or wired or wireless connectivity. For example, the 
peripherals 138 may include an accelerometer, an e-compass, 
a satellite transceiver, a digital camera (for photographs or 
video), a universal serial bus (USB) port, a vibration device, 
a television transceiver, a hands free headset, a Bluetooth® 
module, a frequency modulated (FM) radio unit, a digital 
music player, a media player, a video game player module, an 
Internet browser, and the like. 

FIG. lC is a system diagram of the RAN 103 and the core 
network 106 according to an embodiment. As noted above, 
the RAN 103 may employ a UTRA radio technology to 
communicate with the WTRU s 102a, 102b, 102c over the air 
interface 115. The RAN 103 may also be in communication 
with the core network 106. As shown in FIG. lC, the RAN 
103 may include Node-Bs 140a, 140b, 140c, which may each 
include one or more transceivers for communicating with the 
WTRUs 102a, 102b, 102c over the air interface 115. The 
Node-Bs 140a, 140b, 140c may each be associated with a 
particular cell (not shown) within the RAN 103. The RAN 
103 may also include RN Cs 142a, 142b. It will be appreciated 
that the RAN 103 may include any number ofNode-Bs and 
RNCs while remaining consistent with an embodiment. 

As shown in FIG. lC, the Node-Bs 140a, 140b may be in 
communication with the RNC 142a. Additionally, the 
Node-B 140c may be in communication with the RNC 142b. 
The Node-Bs 140a, 140b, 140c may communicate with the 
respective RNCs 142a, 142b via an Iub interface. The RNCs 

FIG. lD is a system diagram of the RAN 104 and the core 
network 107 according to an embodiment. As noted above, 
the RAN 104 may employ an E-UTRA radio technology to 
communicate with the WTRU s 102a, 102b, 102c over the air 

40 interface 116. The RAN 104 may also be in communication 
with the core network 107. 

The RAN 104 may include eNode-Bs 160a, 160b, 160c, 
though it will be appreciated that the RAN 104 may include 
any number of eNode-Bs while remaining consistent with an 

45 embodiment. The eNode-Bs 160a, 160b, 160c may each 
include one or more transceivers for communicating with the 
WTRUs 102a, 102b, 102c over the air interface 116. In one 
embodiment, the eNode-Bs 160a, 160b, 160c may implement 
MIMO technology. Thus, the eNode-B 160a, for example, 

50 may use multiple antennas to transmit wireless signals to, and 
receive wireless signals from, the WTRU 102a. 

Each of the eNode-Bs 160a, 160b, 160c may be associated 
with a particular cell (not shown) and may be configured to 
handle radio resource management decisions, handover deci-

55 sions, scheduling of users in the uplink and/or downlink, and 
the like. As shown in FIG. lD, the eNode-Bs 160a, 160b, 
160c may communicate with one another over an X2 inter­
face. 

The core network 107 shown in FIG. lD may include a 
60 mobility management gateway (MME) 162, a serving gate­

way 164, and a packet data network (PDN) gateway 166. 
While each of the foregoing elements are depicted as part of 
the core network 107, it will be appreciated that any one of 
these elements may be owned and/or operated by an entity 

65 other than the core network operator. 
The MME 162 may be connected to each of the eNode-Bs 

160a, 160b, 160cin the RAN 104viaanS1 interface and may 
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serve as a control node. For example, the MME 162 may be 
responsible for authenticating users of the WTRUs 102a, 
102b, 102c, bearer activation/deactivation, selecting a par­
ticular serving gateway during an initial attach of the WTRUs 
102a, 102b, 102c, and the like. The MME 162 may also 5 

provide a control plane function for switching between the 
RAN 104 and other RANs (not shown) that employ other 
radio technologies, such as GSM or WCDMA. 

The serving gateway 164 may be connected to each of the 
eNode-Bs 160a, 160b, 160c in the RAN 104 via the Sl 10 

interface. The serving gateway 164 may generally route and 
forward user data packets to/from the WTRUs 102a, 102b, 
102c. The serving gateway 164 may also perform other func­
tions, such as anchoring user planes during inter-eNode B 
handovers, triggering paging when downlink data is available 15 

for the WTRUs 102a, 102b, 102c, managing and storing 
contexts of the WTRUs 102a, 102b, 102c, and the like. 

The serving gateway 164 may also be connected to the 
PDN gateway 166, which may provide the WTRUs 102a, 
102b, 102c with access to packet-switched networks, such as 20 

the Internet 110, to facilitate communications between the 
WTRUs 102a, 102b, 102c and IP-enabled devices. 

The core network 107 may facilitate communications with 
other networks. For example, the core network 107 may pro­
vide the WTRUs 102a, 102b, 102c with access to circuit- 25 

switched networks, such as the PSTN 108, to facilitate com­
munications between the WTRUs 102a, 102b, 102c and 
traditional land-line communications devices. For example, 
the core network 107 may include, or may communicate with, 
an IP gateway (e.g., an IP multimedia subsystem (IMS) 30 

server) that serves as an interface between the core network 
107 and the PSTN 108. In addition, the core network 107 may 
provide the WTRUs 102a, 102b, 102c with access to the 
networks 112, which may include other wired or wireless 
networks that are owned and/or operated by other service 35 

providers. 
FIG. lE is a system diagram of the RAN 105 and the core 

network 109 according to an embodiment. The RAN 105 may 

10 
point that implements the IEEE 802.16 specification. In addi­
tion, each of the WTRUs 102a, 102b, 102c may establish a 
logical interface (not shown) with the core network 109. The 
logical interface between the WTRUs 102a, 102b, 102c and 
the core network 109 may be defined as an R2 reference point, 
which may be used for authentication, authorization, IP host 
configuration management, and/or mobility management. 

The communication link between each of the base stations 
180a, 180b, 180c may be defined as an RS reference point that 
includes protocols for facilitating WTRU handovers and the 
transfer of data between base stations. The communication 
link between the base stations 180a, 180b, 180c and theASN 
gateway 182 may be defined as an R6 reference point. The R6 
reference point may include protocols for facilitating mobil­
ity management based on mobility events associated with 
each of the WTRUs 102a, 102b, 102c. 

As shown in FIG. lE, the RAN 105 may be connected to 
the core network 109. The communication link between the 
RAN 105 and the core network 109 may defined as an R3 
reference point that includes protocols for facilitating data 
transfer and mobility management capabilities, for example. 
The core network 109 may include a mobile IP home agent 
(MIP-HA) 184, an authentication, authorization, accounting 
(AAA) server 186, and a gateway 188. While each of the 
foregoing elements are depicted as part of the core network 
109, it will be appreciated that any one of these elements may 
be owned and/or operated by an entity other than the core 
network operator. 

The MIP-HA may be responsible for IP address manage­
ment and may enable the WTRUs 102a, 102b, 102c to roam 
between different ASNs and/or different core networks. The 
MIP-HA 184 may provide the WTRU s 102a, 102b, 102c with 
access to packet-switched networks, such as the Internet 110, 
to facilitate communications between the WTRUs 102a, 
102b, 102c and IP-enabled devices. The AAA server 186 may 
be responsible for user authentication and for supporting user 
services. The gateway 188 may facilitate interworking with 
other networks. For example, the gateway 188 may provide 
the WTRU s 102a, 102b, 102c with access to circuit-switched 
networks, such as the PSTN 108, to facilitate communica-
tions between the WTRUs 102a, 102b, 102c and traditional 
land-line communications devices. In addition, the gateway 
188 may provide the WTRU s 102a, 102b, 102c with access to 

be an access service network (ASN) that employs IEEE 
802.16 radio technology to communicate with the WTRUs 40 

102a, 102b, 102c over the air interface 117. As will be further 
discussed below, the communication links between the dif­
ferent functional entities of the WTRUs 102a, 102b, 102c, the 
RAN 105, and the core network 109 may be defined as ref­
erence points. 45 the networks 112, which may include other wired or wireless 

networks that are owned and/or operated by other service 
providers. 

As shown in FIG. lE, the RAN 105 may include base 
stations 180a, 180b, 180c, and anASN gateway 182, though 
it will be appreciated that the RAN 105 may include any 
number of base stations and ASN gateways while remaining 
consistent with an embodiment. The base stations 180a, 50 

180b, 180c may each be associated with a particular cell (not 
shown) in the RAN 105 and may each include one or more 
transceivers for communicating with the WTRU s 102a, 102b, 
102c over the air interface 117. In one embodiment, the base 
stations 180a, 180b, 180c may implement MIMO technol- 55 

ogy. Thus, the base station 180a, for example, may use mul­
tiple antennas to transmit wireless signals to, and receive 
wireless signals from, the WTRU 102a. The base stations 
180a, 180b, 180c may also provide mobility management 
functions, such as handoff triggering, tunnel establishment, 60 

radio resource management, traffic classification, quality of 
service (QoS) policy enforcement, and the like. The ASN 
gateway 182 may serve as a traffic aggregation point and may 

Although not shown in FIG. lE, it will be appreciated that 
the RAN 105 may be connected to other ASNs and the core 
network 109 may be connected to other core networks. The 
communication link between the RAN 105 the other ASNs 
may be defined as an R4 reference point, which may include 
protocols for coordinating the mobility of the WTRUs 102a, 
102b, 102c between the RAN 105 and the other ASNs. The 
communication link between the core network 109 and the 
other core networks may be defined as an R5 reference, which 
may include protocols for facilitating interworking between 
home core networks and visited core networks. 

3GPP LTE Release 8/9/10/11 operating with a single serv­
ing cell (hereafter LTE RS+) may support, for example, up to 
100 Mbps in the downlink (hereafter DL) and 50 Mbps in the 
uplink (hereafter UL) for a 2x2 configuration. The LTE 
downlink transmission scheme may be based on an OFDMA 
air interface. For the purpose of flexible deployment, LTE be responsible for paging, caching of subscriber profiles, 

routing to the core network 109, and the like. 
The air interface 117 between the WTRUs 102a, 102b, 

102c and the RAN 105 may be defined as an Rl reference 

65 RS+ systems may support scalable transmission bandwidths, 
for example, one of: 1.4, 2.5, 5, 10, 15 or 20 MHz with 6, 15, 
25, 50, 75, 100 resource blocks, respectively. 
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In LTE RS+ (and LTE Rl 0+ with carrier aggregation), each 
radio frame (of 10 ms) may consist of 10 equally sized sub­
frames of 1 ms. Each sub-frame may consist of two equally 
sized timeslots of 0.5 ms each. There may be either 7 or 6 
OFDM symbols per timeslot. For example, 7 symbols per 5 

timeslot may be used with normal cyclic prefix (CP) length, 
and 6 symbols per timeslot may be used in an alternative 
system configuration with the extended CP length. The sub­
carrier spacing for the LTE RS/9 system may be 15 kHz. An 
alternative reduced sub-carrier spacing mode using 7.5 kHz 10 

may also be possible. 
A resource element (RE) may correspond to one (1) sub­

carrier during one (1) OFDM symbol interval. 12 consecutive 
sub-carriers during a 0.5 ms timeslot may constitute one (1) 
resource block (RB). For example, with 7 symbols per 15 

timeslot, each RB may consist ofl 2 *7=84 RE' s. A DL carrier 
may include a scalable number of resource blocks (RBs), 
ranging from a minimum of 6 RBs up to a maximum of 110 
RBs, for example. This may correspond to an overall scalable 
transmission bandwidth of roughly 1 MHz up to 20 MHz. A 20 

set of common transmission bandwidths may be specified 
(e.g., 1 .4, 3, 5, 10, 15 and/or 20 MHz). 

The basic time-domain unit for dynamic scheduling may 

12 
(7) DCI format 2 (DL assignment for spatial multiplexing) 
(8) DCI format 2A 
(9) DCI format 3 (TPC for PUCCH/PDSCH, two bits) 
(10) DCI format 3A (TPC for PUCCH/PDSCH, single bit) 
Table 1 illustrates examples of different DCI sizes resulting 

from different system bandwidth configurations. 

TABLE 1 

Bandwidth 

6 15 25 50 75 100 

Formato 37 38 41 43 43 44 
Format lA 37 38 41 43 43 44 
Format3/3A 37 38 41 43 43 44 
Format lC 24 26 28 29 30 31 
Format 1 35 39 43 47 49 55 
Format 1B (2 tx ant) 38 41 43 44 45 46 
Format lD (2 tx ant) 38 41 43 44 45 46 
Format 2 (2 tx ant) 47 50 55 59 61 67 
Format 2A (2 tx ant) 44 47 52 57 58 64 
Format 1B ( 4 tx ant) 41 43 44 46 47 49 
Format lD (4 tx ant) 41 43 44 46 47 49 
Format 2 (4 tx ant) 50 53 58 62 64 70 
Format 2A (4 tx ant) 46 49 54 58 61 66 

For example, in LTE RS+ systems, whether the control 
signaling received on PDCCH pertains to the uplink compo­
nent carrier or to the downlink component carrier may be 
related to the format of the DCI decoded by the WTRU. The 
DCI formats may be used to control the WTRUs communi-

be one sub-frame consisting of two consecutive timeslots. 
This may be referred to as a resource-block pair. Certain 25 

sub-carriers on some OFDM symbols may be allocated to 
carry pilot signals in the time-frequency grid. For example, a 
given number of sub-carriers at the edges of the transmission 
bandwidth may not be transmitted in order to comply with 
spectral mask uses. 30 cation on the uplink component carrier and/or on the down­

link component carrier of the cell on which the WTRU is 
connected. 

Scheduling principles and downlink control signalling 
may be described herein. For example, in a LTE RS+ system, 
the NW may control physical radio resources using the Physi-
cal Downlink Control Chamiel (hereafter PDCCH). Control 
messages may be transmitted using specific formats ( e.g., 35 

DCI formats). For example, the WTRU may determine 
whether or not it is to act on control signaling in a given 
sub-frame by monitoring the PDCCH for specific data control 
information messages (hereafter DCI formats) scrambled 
using a known radio network temporary identifier (hereafter 40 

RNTI) in specific locations, and/or search space, using dif­
ferent combinations of physical resources ( e.g., control chan­
nel elements-hereafter CCEs) based on aggregation levels 
(hereafter AL, each corresponding to either 1, 2, 4, or 8 
CCEs). A CCE may consist of 36 QPSK symbols or 72 45 

channel coded bits. 
Which DCI formats the WTRU decodes may depend on the 

configured transmission mode (e.g., whether or not spatial 
multiplexing is used). There may be a number of different 
DCI formats (e.g., format 0 (UL grant), formats 1 (non- 50 

MIMO), formats 2 (DL MIMO) and/or formats 3 (power 
control)). The format of the control messages may be defined 
in 3GPP TS 36.212: "Evolved Universal Terrestrial Radio 
Access (E-UTRA); Multiplexing and Chamiel Coding," the 
contents of which are herein incorporated by reference. 

The version of one or more of the DCI format(s) the WTRU 
decodes may be governed at least in part by the configured 
transmission mode ( e.g., modes 1-7 for RS and R9). 

55 

Downlink transmission modes may be described herein. 
For example, in LTE systems, a number of multi-antenna 
transmission modes may be supported. Each mode may be 
referred to as a transmission mode. Each mode may differ in 
how the input to each antenna port is mapped as well as what 
reference signals may be used for demodulation. The follow­
ing transmission modes (hereafter TM) may be defined for 
DL-SCH transmissions: 

(1) TMl: Single-antenna transmission. 
(2) TM2: Transmit diversity. 
(3) TM3: Open-loop codebook-based precoding, if more 

than one layer, else transmit diversity if rank-one trans­
m1ss10n. 

( 4) TM4: Closed-loop codebook-based precoding. 
(5) TMS: Multi-user-MIMO version ofTM4. 
(6) TM6: Codebook-based precoding limited to single 

layer transmission. 
(7) TM7: RS non-codebook-based precoding with single 

layer transmission. 
(8) TMS: R9 non-codebook-based precoding supporting 

up to two layers. 
(9) TM9: RIO non-codebook-based precoding supporting 

up to eight layers. 
The WTRU may interpret the resource allocation field 

depending on the PDCCH DCI format detected. A resource 
allocation field in each PDCCH may include at least a 
resource allocation header field and information consisting of A list with usage may be presented below: 

(1) DCI format 0 (UL grant) 
(2) DCI format 1 (DL assignment) 
(3) DCI format IA (compact DL assignment/PDCCH 

order for random access) 
( 4) DCI format 1 B (D L assignment with precoding info) 
(5) DCI format IC (very compact DL assignment) 

60 the actual resource block assignment. PDCCH DCI formats 
1, 2, 2A, 2B and 2C with type 0 and PDCCH DCI formats 1, 
2, 2A, 2B and 2C with type 1 resource allocation may have the 
same format and may be distinguished from each other via the 
single bit resource allocation header field which exists 

( 6) DCI format 1 D ( compact D L assignment with precod­
ing info+power offset information) 

65 depending on the downlink system bandwidth, where type 0 
may be indicated by 0 value and type 1 may be indicated 
otherwise. PDCCH with DCI format IA, 18, IC and ID may 
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have a type 2 resource allocation while PDCCH with DCI 
format 1, 2, 2A, 2B and 2C may have type 0 or type 1 resource 
allocation. PDCCH DCI formats with a type 2 resource allo­
cation may not have a resource allocation header field. The 
surmnary of the types may be described herein. 

For example, as shown below, in resource allocations of 
type 0, resource block assignment information may include a 
bitmap indicating the resource block groups (RBGs) that are 
allocated to the scheduled WTRU where a RBG0 may be a set 
of consecutive virtual resource blocks (VRBs) of localized 10 

type. Resource block group size (P) may be a function of the 
system bandwidth, for example, as shown in Table 2. Table 2 
illustrates an example of Type 0 Resource Allocation RBG 

14 
allocated to the WTRU. The portion of the bitmap used to 
address VRBs in a selected RBG subset may have size 
NRBTYPEl and may be defined as NRBTYPEl=rNRBDLj 

PH logiP)l-1. 
For example, the addressable VRB numbers of a selected 

RBG subset may start from an offset, li.shifi(p) to the smallest 
VRB number within the selected RBG subset, which may be 
mapped to the MSB of the bitmap. The offset may be in terms 
of the number ofVRBs and may be done within the selected 
RBG subset. If the value of the bit in the second field for shift 
of the resource allocation span is set to 0, the offset for RBG 

Size vs. Downlink System Bandwidth. 

TABLE2 

subset p may be given by li.shift(p )=0. Otherwise, the offset for 
RBG subset p may be given by, for example, li.shifi(p )= 
N RB RBGsubset(p )-N RB TYPE I where the LSB of the bitmap may 

15 be justified with the highest VRB number within the selected 
RBG subset. N RB RBGsubset (p) may be the number ofVRBs in 
RBG subset p and may be calculated by: 

System Bandwidth 
NRBDL 

,;10 
11-26 
27-63 
64-110 

RBGSize 
(P) 

2 
3 
4 

The total number of RBGs (NRBG) for downlink system 25 

bandwidth of NRBDL may be given by NRBG=rNRBDL!Pl, 
where lNRBD/p J of the RBGs may be of size P, and ifNRBDL 
mod P>0 then one of the RBGs may be of size NRBDL_ 
P·lNRBDLIPJ. For example, the bitmap may be of size NRBG 
bits with one bitmap bit per RBG such that each RBG may be 30 

addressable. The RBGs may be indexed in the order of 
increasing frequency and non-increasing RBG sizes starting 
at the lowest frequency. For example, the order of RBG to 
bitmap bit mapping may be such that RBG 0 to RBG N RBG- l 
may be mapped to most significant bit (MSB) to least signifi- 35 

cant bit (LSB) of the bitmap. The RBG may be allocated to the 
WTRU if the corresponding bit value in the bitmap is 1 and 
the RBG is not allocated to the WTRU otherwise. 

l
Nf//;-lj 
~ ·P+P, l

Nf//;-lj 
p< -p- modP 

l
Nf//;-lj DL lNf//;-lj ~ ·P+(NRs-l)modP+l, p= -p- modP 

l
Nf//;-lj 
~-P, l

Nf//;-lj 
p> -p- modP 

For example, when RBG subset p may be indicated, bit i for 
i=0, 1, ... , N RB TYPE I - l in the bitmap field may indicate the 
VRBnumber, 

REG b l i + t:.,hi'1(P) j ~2 
nvRs'""'(p)= /' r+p·P+(i+!l,h;J,(P))modP. 

The Type 0 Resource allocation field in a DCI format is 
illustrated as follows: 

Type 1 Resource allocation field in a DCI format in illus-
4o trated below: 

Type O Resource Allocation Field 

Type Bitmap 

In resource allocations of type 1, resource block assign­
ment information of size NRBG may indicate to a scheduled 
WTRU the VRBs from the set ofVRBs from one of P RBG 
subsets. The virtual resource blocks used may be oflocalized 
type. P may be the RBG size associated with the system 
bandwidth, for example, as shown in Table 2. A RBG subset 
p, where 0sp<P, may consist of the P th RBG ( e.g., every P th 
RBG) starting from RBG p. The resource block assignment 
information may consist of one or more fields, for example, as 
shown in FIG. 2. Referring to FIG. 2, the first field with r 
logiP) l bits may be used to indicate the selected RBG subset 
among P RBG subsets. The second field with one bit may be 
used to indicate a shift of the resource allocation span within 

45 

Type 1 Resource allocation field 

Type Subset Shift Bitmap 

The following example (NRBDL=50) may illustrate how to 
construct type 1 RA based on the above Rl 0 alogrithms. From 
Table 2, for NRBDL=50, the RBG subsets P may be 3, which 

50 uses r log2 Pl=2 bits and the size of bitmap may be calculated 
by subtracting the number of bits for the subset field and 1 bit 
for the shift field as NRBG=rNRBDL!Pl-r log2 Pl-1 =14 bits. 
FIG. 2 may show RB numbers per subset with the shift bit 
(reset/set). The first 3 (P=3) consecutive RBs (0 to 2) may be 

55 assigned to the subset 0, the next 3 consecutive RBs (3 to 5) to 
the subset 1, the next 3 consecutive RBs ( 6 to 8) to the subset 
2. The procedure may be repeated until the bitmaps ( e.g., all 
bitmaps) are filled. In order to obtain a shift value for each 
subset, extra colunms (the last 4 colunms of 14 to 17) may be 

60 extended until the last valid RB (49 for NRBDL=50) may be 
filled with its group of nine ( =P2) RBs ( 45 to 53 ). A shift value 
may be extracted by shifting valid RBs into the bitmap. For 
example, 4 shifts of valid RBs (38 to 47) for subset 0, 3 shifts 

a subset. For example, a bit value of 1 may indicate shift is 
triggered and/or shift is not triggered. The third field may 
include a bitmap, for example, where each bit of the bitmap 
may address a single VRB in the selected RBG subset such 
that the MSB to the LSB of the bitmap may be mapped to the 
VRBs in the increasing frequency order. For example, the 65 

VRB may be allocated to the WTRU if the corresponding bit 
value in the bit field is 1, otherwise the VRB may not be 

of ( 41 to 49) for subset 1, and 1 shift of ( 44) for subset 2. 
For example, in resource allocations of type 2, the resource 

block assignment information may indicate to a scheduled 
WTRU a set of contiguously allocated localized virtual 
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where L 1CRBs =LcRB/N RBSfep, RB'start=RBstarlN RBSfep 

and 

Here, L 'cRBs>l and may not exceed N'"VR.BDL_RB'start· 

Resource Allocation for PDCCH with uplink DCI Format. 
Two resource allocation schemes Type O and Type 1 may be 
supported for PDCCH with uplink DCI format where the 

resource blocks and/or distributed virtual resource blocks. In 
case of resource allocation signaled with PDCCH DCI format 
IA, lB and/or ID, one bit flag may indicate whether localized 
virtual resource blocks and/or distributed virtual resource 
blocks may be assigned ( e.g., value O may indicate Localized 5 

and value 1 may indicate Distributed VRB assignment) while 
distributed virtual resource blocks may be assigned ( e.g., 
always assigned) in case of resource allocation signaled with 
PDCCH DCI format IC. Localized VRB allocations for a 
WTRU may vary from a single VRB up to a maximum num­
ber ofVRBs spanning the system bandwidth. For DCI format 
IA, the distributed VRB allocations for a WTRU may vary 
from a single VRB up to N vRBDL VRBs, where N vRBDL may 

10 selected resource allocation type for a decoded PDCCH may 
be indicated by a resource allocation type bit where type 0 
may be indicated by O value and/or type 1 may be indicated 
otherwise. The WTRU may interpret the resource allocation 
field depending on, for example, the resource allocation type be defined in 3 GPP TS 36.212, if the DCI CRC is scrambled 

by P-RNTI, RA-RNTI, and/or SI-RNTI. With PDCCH DCI 
format lB, ID, and/or IA with a CRC scrambled with 
C-RNTI, distributed VRB allocations for a WTRU may vary 
from a single VRB up to N VRB DL VRBs, ifN RB DL may be 6-49 
and may vary from a single VRB up to 16, ifNRBDL may be 
50-110. With PDCCH DCI format IC, distributed VRB allo­
cations for a WTRU may vary from NRB

st
ep VRB(s) up to 

lNvRBDL/NRB
st

epJ-NRB
st

ep VRBs with an increment step of 
NRB

st
ep, where NRB

st
ep value may be determined depending 

15 bit in the uplink PDCCH DCI format detected. 
The resource allocation information for uplink resource 

allocation type O may indicate to a scheduled WTRU a set of 
contiguously allocated virtual resource block indices denoted 
by nvRB· A resource allocation field in the scheduling grant 

20 may consist of a resource indication value (RIV) correspond­
ing to a starting resource block (RBsrARr) and a length in 
terms of contiguously allocated resource blocks (LcRBs2:l). 
The resource indication value may be defined by: 

on the downlink system bandwidth, for example, as shown in 
Table 3 illustrating NRB

st
ep values vs. Downlink System 25 

Bandwidth. 

6-49 
50-110 

TABLE3 

NRBstep 

DCI format 1 C 

2 
4 

For PDCCH DCI format IA, 1B and/or ID, a type 2 
resource allocation field may consist of a resource indication 
value (RIV) corresponding to a starting resource block 
(RBs,ar,) and a length in terms of virtually contiguously allo­
cated resource blocks LcRBs· The resource indication value 
may be defined by: 

else 

where LcRBs'2:.l and may not exceed NVRBDL_RBstart" 

For PDCCH DCI format IC, a type 2 resource block 
assignment field may consist of a resource indication value 
(RIV) corresponding to a starting resource block (RBs,ar,=0, 
NRBstep, 2NRBstep, ... ' (lNvRBDL/NRBstepJ-l)NRBstep) and a 
length in terms of virtually contiguously allocated resource 
blocks (LcRBs=NRBstep, 2NRBstep, ' lNvRBDL/ 

NRB
st

ep j-NRB
st

ep). The resource indication value may be 
defined by: 

RJV~N'VRBDL(L'CR&-l)+RB',;ar, 

else 

30 

35 

else 

RN~NRB UL(NRB UL_LcRB, + l)+(NRB UL_ 1-RBsTART) 

The resource allocation information for uplink resource 
allocation type 1 may indicate to a scheduled WTRU two sets 
of resource blocks. For example, a set may include one or 
more consecutive resource block groups of size P, for 
example, as given in Table 2 for uplink system bandwidth 
NRB uL_ A resource allocation field in the scheduling grant 
may consist of a combinatorial index r corresponding to a 
starting and ending RBG index of resource block set 1, s0 and 
s1-l, and resource block set 2, s2 and s3 -l respectively, where 

40 r may be given by: 

45 

with M=4 and N=rNRB UL!Pl+l. Below, ordering properties 
and range of values that S, (RBG indices) map to may be 

50 defined. A single RBG may be allocated for a set at the 
starting RBG index if the corresponding ending RBG index 
equals the starting RBG index. 

For example, in LTE RS+ systems, the WTRU may receive 
a cell-specific downlink reference signal for different pur-

55 poses. Cell-specific Reference Signals (hereafter CRS). A 
WTRU may use the CRS for channel estimation for coherent 
demodulation of any downlink physical channel. There may 
be an exception for PMCH and/or for PDSCH when config­
ured with TM7, TMS or TM9. The WTRU may use the CRS 

60 for channel state information (CSI) measurements. The 
WTRU may use the CRS for cell-selection and/or mobility­
related measurements. CRS may be received in any sub­
frames. There may be one CRS for each antenna ports ( e.g., 1, 
2, and/or 4). A CRS may occupy the first, third, and/or last 

65 OFDM symbol of each slot. 
The WTRU may receive one or more of the following 

downlink reference signals. Demodulation Reference Signals 
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(hereafter DM-RS). A WTRU-specific reference signal may 
18 

block, while s2 may be denoted by a black block. The inter­
laced sequence may be scrambled with a scrambling 
sequence, c0 and Ci, which may be given by the primary 
synchronization signal and then with a scrambling sequence, 

be used for channel estimation for demodulation of PDSCH 
with TM7, TMS and TM9. The DM-RS may be transmitted in 
the resource blocks assigned to the PDSCH transmission for 
the concerned WTRU. 

CSI Reference Signals (hereafter CSI-RS). A WTRU may 
use the CSI-RS for channel state information measurements. 
CSI-RS may be used (e.g., only used) for TM9, and may be 
less densely transmitted by the network than the CRS. 

5 z1 . The combinationoftwo length-31 sequences defining SSS 
signal may differ between subframe O and subframe 5 accord-

Synchronization Signal and Physical Broadcast Channel 10 

(hereafter PBCH). The WTRU may obtain synchronization, 
may detect the identity of the cell (hereafter cell ID), and/or 
may determine the length (normal/extended) of the cyclic 
prefix using synchronization signals ( e.g., which may be 
based on the difference in duration between the primary and 15 

the secondary synchronization signals). 
For example, the primary and secondary synchronization 

signals (i.e., PSS, SSS) may be transmitted on the 62 subcar­
riers out of 72 subcarriers ( 5 subcarriers on each side of edge 
may be reserved and not used) centered on the DC subcarrier 20 

in the last OFDM symbol and the 2nd last OFDM symbol of 
slot O and slot 10 of each frame respectively in FDD. An 
example of such may be shown in FIG. 3. Referring to FIG. 3, 
the PSS may be located in the 3rd OFDM symbol in sub­
frames 1 and 6 and SSS in the last OFDM symbol in slot 1 and 25 

11 in TDD. 

ingto 

{ 

s6m0 \n)co(n) in subframe 0 
d(2n) = 

st1 \n)c0 (n) in subframe 5 

where 0sns30. The binary sequences (s0 , s1), (c0 , c1), and z1 

may be maximal length sequences generated according to a 
generation function ofxs +x2 +1, xs +x3 +1, and xs +x4 +x2 +x+l 
respectively. The indices m0 and ml may represent cyclic 
shifts and may be derived from the physical-layer cell-iden-
tity group NmC1l. 

Referring to FIG. 3, the coded BCH transport block may be 
mapped to the first subframe of each frame in four consecu­
tive frames ( 40 ms timing) and may be transmitted within the 
first four OFDM symbols of the second slot of subframe O and 
over the 72 center subcarriers. In case of FDD, BCH may 
follow after the PSS/SSS in subframe 0. Since BCH scram-

A purpose of the synchronization signals may be to enable 
acquisition of the symbol timing and initial frequency of the 
downlink carrier signal. The synchronizations signals may 
convey information regarding the Cell ID. 

There may be three PSS sequences defined in LTE. The one 
transmitted may be a function of the cell ID and may aid in the 
cell search process. The three PSSs may be constructed based 

30 bling may be defined with 40 ms periodicity, a WTRU may 
attempt to decode the BCH at four possible frame timing 
position such that the WTRU may implicitly determine 40 ms 
timing or equivalently the two least significant bits of SFN. 

on Zadoff-Chu (ZC) sequence Pu (n) of length 62 (truncated 
from 63) extended with five zeros at the edges. The du(n) 35 

sequence may be defined as: 

n=0,1, ... ,30 

n = 31, 32, ... , 61 

The WTRU may receive the Master Information block 
(hereafter MIB) on the PBCH. The MIB may comprise 
PRICH information, downlink bandwidth, and/or system 
frame number. The WTRU may use the PBCH to blindly 
detect the numberof transmit antenna port( s) for which detec-

40 tion may be verified using the PBCH CRC. 

where the ZC root sequence index u may be given by 
u={25,29,34} for NmC2 l={0,1,2} which may represent the 45 

physical-layer identity within the physical-layer cell-identity 

Cell selection and re-selection may be described herein. In 
order for a WTRU to obtain normal service, it may camp onto 
a "suitable cell" which may fulfill one or more of the follow­
ing criterion: The cell may be part of the selected PLMN, the 
registered PLMN, and/or a PLMN of the Equivalent PLMN 
list. According to the latest information provided by NAS: the 

group. 
FIG. 4 illustrates an example of the mapping of the du(n) 

sequence to the central subcarriers around DC subcarrier in 
the frequency-domain. 

LTE cell search step 1 may consist of one or more of the 
following tasks: Acquiring a coarse estimate of the carrier 
frequency offset (CFO); Acquiring a coarse estimate of the 
OFDM symbol timing offset (STO); and/or Detecting the 
Primary Synchronization Signal (PSS) index (i.e., cell iden­
tity within the cell-identity group which belongs to the set of 
NmC2l={0,1,2} ). 

Cell search step 1 may determine the 5 ms timing of the cell 
(i.e., half frame timing) and/or the location of the Secondary 
Synchronization Signal (SSS) that may be used by CS step 2. 
Cell Search Step 2 may extract one or more of the following 
information from the received SSS signals: Cell ID group, 
NmC1l=(0-167); Frame boundary (subframe O or 5); and/or 
CP length (short or long). 

The 62 subcarriers of SSS may be interlaced with two 
length-31 binary sequences, s0 and s1 , for example, as shown 
in FIG. 5. Referring to FIG. 5, s1 may be denoted by a white 

cell may not be barred; the cell may be part of at least one TA 
that may not be part of the list of"forbidden tracking areas for 
roaming," which may belong to a PLMN that may fulfill one 

50 or more of the criterion listed herein; the cell selection criteria 
may be fulfilled; and/or for a CSG cell, the CSG ID may be 
part of the CSG whitelist of the WTRU. 

Cell selection may be the process in which WTRU may 
attempt to find and camp on a suitable cell in order to establish 

55 normal service with the network. The selection process may 
be based on a previously stored set of cell information ( e.g., 
stored cell selection) and/or having no prior knowledge of 
LTE cells or LTE carriers ( e.g., initial cell selection). In case 
of initial cell selection, the WTRU may scan one or more RF 

60 channels in the E-UTRA bands. The WTRU may search for 
and detect the strong cell in each carrier frequency to find a 
suitable cell. Once a candidate for a suitable cell has been 
found, the WTRU may then camp onto that cell and read the 
system information ( e.g., MIB, SIB!, etc.) to obtain informa-

65 tion about the cell and/or PLMN. The WTRU may attempt to 
establish a connection to the network. If the cell is considered 
not suitable based on the above criterion and/or if reading 
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attempts of the broadcast information has failed, the WTRU 
may move onto the next candidate cell and repeat the cell 
selection process. 

20 

Cell reselection may be a process where the WTRU con­
tinually monitors neighboring cells while camped onto a suit- 5 

able serving cell to see if better quality suitable cells become 
available. WTRU may measure neighbor cells when the qual-

A carrier segment can be viewed as an extension (e.g., a 
new extension) to the WTRU's physical resource map on 
which transmissions (e.g., uplink and/or downlink) may be 
scheduled by the network. 

"Extension carrier" may refer to a carrier ( e.g., a supple­
mentary carrier) on which the WTRU may operate. An exten­
sion carrier may be referred to as an additional carrier or 
carrier type, a new Rl 1 carrier, or a future release carrier. ity of the serving cell begins to diminish. Information of 

neighbor cells may also be provided through the system 
broadcast information (i.e., SIB3, 4, 5) of the serving cell. The 10 

WTRU may autonomously detect neighboring cells as can­
didate cells for re-selection. The WTRU may continually 
detect, measure, and/or evaluate possible neighboring cells 
until a particular cell meets the cell re-selection criteria. At 
which point, the WTRU may attempt to camp on the re- 15 

selected cell and attempt to read its system information for 
suitability. If the criteria on the re-selected cell has been met 

A WTRU may be configured with one or more serving cells 
on which it may operate according to the extension carrier. 
The concerned serving cell may be a SCell of the WTRU's 
multicarrier configuration, for example, with (SCell 
DL+SCell UL) or without (SCell DL) configured uplink 
resources. This may or may not exclude the case where a 
SCell may be configured ( e.g., only configured) for uplink 
transmissions, for example, if the SCell UL may be in the 
same band as the PCell of the WTRU's configuration. as a suitable cell, the WTRU may continue to camp on the 

re-selected cell and continue to be provided with normal 
service. 

As part of the measurement and neighboring cell informa­
tion received by the WTRU from the serving cell, there may 
be a black list. The black list may comprise a list of cell PCis, 
which may not be deemed suitable and as such may be 
removed as possible candidates for re-selection. 

Bandwidth extensions and/or Carrier Aggregation (hereaf­
ter CA) may be used to increase data rates. For example, with 
CA, the WTRU may transmit and receive simultaneously 
over the PUSCH and the PDSCH (respectively) of multiple 
serving cells ( e.g., up to five serving cells with or without 
configured uplink resources). The serving cells may be used 
to support flexible bandwidth assignments up to. For 
example, 100 MHz. In addition to the baseline functionality 
of LTE RS+, a number of additional methods may be intro­
duced to support the simultaneous operation of a WTRU on 
multiple serving cells. 

Cross-carrier scheduling for carrier aggregation may be 
described herein. The control information for the scheduling 
of PDSCH and/or PUSCH may be sent on one or more 
PDCCH(s ). In addition to, for example, the LTE RS+ sched­
uling using one PDCCH for a pair of UL and DL carriers, 
cross-carrier scheduling may also be supported on the 
PDCCH of a serving cell ( e.g., the PCell), which may allow 
the network to provide PDSCH assignments and/or PUSCH 
grants for any other serving cell (e.g., a SCell). When cross­
carrier scheduling is used, a 3-bit Carrier Indicator Field 
(hereafter CIF) may be used to address the concerned SCell, 
where each SCells identifier may be derived from RRC con­
figuration. 

"Carrier segment" may refer a set of physical resource 
blocks on which the WTRU may operate. A WTRU may be 
configured with one or more carrier segment( s) for a given 
serving cell. If carrier aggregation is configured, the serving 
cell may be a PCell or a SCell of the WTRU's configuration. 
A carrier segment may be a contiguous bandwidth extension 
to the addressable range of resource blocks typically sup­
ported for the concerned serving cell. 

FIG. 6 illustrates an example carrier segment structure. 
Referring to FIG. 6, the carrier bandwidth may be B MHz, 
where the set of supported central B0 MHz frequency may be 
defined for each standard Release. When configured to oper­
ate on the concerned serving cell, the WTRU may initially 
operate using the nominal carrier bandwidth of B0 MHz and 
may subsequently be configured such that the extended band­
width represented by the additional segments (B D and/or Bu), 
which may be considered as a group of resource blocks that 
extend the nominal bandwidth of the carrier. 

The WTRU may perform at least one of the following for a 
20 SCell configured as an extension carrier: ( 1) the WTRU may 

receive downlink transmissions (SCell DL) (e.g., on 
PDSCH); (2) the WTRU may perform uplink transmissions 
(SCell UL) (e.g., on PUSCH); (3) the WTRU may receive 
reference signals (e.g., a cell-specific CRS and/or WTRU-

25 specific DM-RS and/or CSI-RS); and/or (4) a WTRU may 
transmit Sounding and Reference Signals (hereafter SRS) 
signals. 

The WTRU may or may not be used to perform one or more 
of the following for a serving cell configured as an extension 

30 carrier: (1) receive primary (hereafter PSS) and/or secondary 
(hereafter SSS) synchronization signals; (2) receive broad­
casted System Information (SI) (e.g., on the BCCH (if 
present)); and/or (3) receive and decode downlink control 

35 
signaling on the physical control chamiels of the concerned 
serving cell ( e.g., the PDCCH and/or the PRICH and/or the 
PCFICH (if present)). 

The SCell configured as an extension carrier may or may 
not be backward-compatible with RIO SCell operation. 

40 Given the absence of the cell-specific synchronization signals 
and/or reference signals, the broadcast of system information 
and/or downlink control signaling, among others, operation 
in the concerned serving cell may or may not be backward 
compatible for a single carrier WTRU ( e.g., either a RS 

45 WTRU, a R9 WTRU, and/or a Rl 0 or above WTRU that may 
not support carrier aggregation) and/or for initial access for 
any type ofWTRU. 

"Component Carrier (CC)" may refer to a frequency on 
which the WTRU may operate. For example, a WTRU may 

50 receive transmissions on a downlink CC (hereafter "DL 
CC"). A DL CC may comprise of a plurality of DL physical 
channels. For example, a WTRU may perform transmissions 
on an uplink CC (hereafter "UL CC"). A UL CC may com­
prise of a plurality of UL physical channels. For example, for 

55 LTE the downlink physical channels may include the Physi­
cal Control Format Indicator Channel (PCFICH), the Physi­
cal Hybrid ARQ Indicator Channel (PRICH), the Physical 
Data Control Chamiel (PDCCH), the Physical Multicast data 
Chamiel (PMCH), and/or the Physical Data Shared Channel 

60 (PDSCH). On the PCFICH, the WTRU may receive control 
data indicating the size of the control region of the DL CC. On 
the PRICH, the WTRU may receive control data indicating 
HARQ Acknowledgement/Negative Acknowledgement 
(hereafter HARQ A/N, HARQ ACK/NACK and/or HARQ-

65 ACK) feedback for a previous uplink transmission. On the 
PDCCH, the WTRU may receive downlink control informa­
tion (DCis) messages that may be used for scheduling of 
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downlink and uplink resources. On the PDSCH, the WTRU 
may receive user and/or control data. For example, a WTRU 
may transmit on an UL CC. 

For LTE, the uplink physical channels may include the 
Physical Uplink Control Channel (PUCCH) and/or the Physi- 5 

cal Uplink Shared Channel (PUSCH). On the PUSCH, the 
WTRU may transmit user data and/or control data. On the 
PUCCH, and in certain cases on the PUSCH, the WTRU may 
transmit uplink control information (such as, but not limited 
to, CQI/PMI/RI or SR) and/or hybrid automatic repeat 10 

request (HARQ) acknowledgement/negative acknowledge­
ment (ACK/NACK) feedback. On a UL CC, the WTRU may 
be allocated dedicated resources for transmission of Sound­
ing and Reference Signals (SRS). 

A cell may consist in a D L CC which may be linked to a UL 15 

CC based on, for example, the system information (SI) 
received by the WTRU either broadcasted on the DL CC 
and/or using dedicated configuration signaling from the net­
work. For example, when broadcasted on the DL CC, the 
WTRU may receive the uplink frequency and bandwidth of 20 

the linked UL CC as part of the system information element 
(e.g., when in RRC_IDLE for LTE, or when in idle/CELL_ 
PACH for WCDMA, e.g., when the WTRU does not yet have 
a radio resource connection to the network). 

The "Primary Cell (PCell)" may refer to the cell operating 25 

of the primary frequency in which the WTRU may perform 
the initial access to the system ( e.g., in which it either per­
forms the initial connection establishment procedure or ini­
tiates the connection re-establishment procedure, and/or the 
cell indicated as the primary cell in the handover procedure, 30 

etc.). It may correspond to a frequency indicated as part of the 
radio resource connection configuration procedure. Some 
functions may be supported ( e.g., only supported) on the 
PCell. For example, the UL CC of the PCell may correspond 
to the CC whose physical uplink control channel resources 35 

may be configured to carry HARQ ACK/NACK feedback for 
a given WTRU. 

22 
cell comprised of the PCell. For a WTRU that may be con­
figured with at least one SCell, "serving cells" may include, 
but are not limited to, the set of one or more cells comprised 
of the PCell and configured SCell(s). 

When a WTRU may be configured with at least one SCell, 
there may be one ( e.g., always one) PCell DL and one PCell 
UL and, for each configured SCell, there may be one SCell 
DL and one SCell UL (if configured). 

It is contemplated that a WTRU may operate beyond the 
boundaries of the typical bandwidth associated with a serving 
cell. It is also contemplated that the WTRU may operate on a 
frequency/carrier for which it may or may not be used to 
decode some downlink signals according to a typical SCell 
operation. For example, the WTRU may handle configuration 
and/or activation/deactivation of additional bandwidth ( e.g., 
either bandwidth used as an extension carrier or for carrier 
segments). This may include the determination of a center 
frequency ( e.g., in case of symmetrical or asymmetrical 
extensions) and/or may include activation/deactivation of the 
additional bandwidth. The WTRU may receive downlink 
transmissions for the additional bandwidth, which may 
include, for example, allocations of resources to the addi­
tional bandwidth, downlink control signaling and downlink 
transmissions. For example, the additional bandwidth may be 
used in MBSFN subframes. For example, extension carrier 
may be synchronized (e.g., with or without PSS/SSS and/or 
CRS). 

Although flexible bandwidth operations may be described 
using examples based on 3GPP LTE technology, it may be 
contemplated that such operation are applicable to other wire­
less technologies such as, but not limited to, UMTS, 
HSPDA+, and/or WiMAX. 

A WTRU may perform, for example, a procedure that 
includes at least one of the following operations ( e.g., to 
operate on additional bandwidth): (1) Configuration andActi­
vation; (2) methods for DL transmission (including, but not 
limited to, RA for carrier segments and DCI format design); 
(3) Methods for PDSCH decoding; (4) Carrier segments in 
MBSFN subframes; (5) Synchronization for extension carri­
ers/carrier segments; and/or (6) PUSCH transmission in car­
rier segments, among others. Details of such operations may 
be described below. 

For example, in LTE, the WTRU may use the PCell to 
derive the parameters for the security functions and/or for 
upper layer system information such as, but not limited to, 40 

NAS mobility information. Other functions that may be sup­
ported on (e.g., only on) the PCell DL include, but is not 
limited to system information (SI) acquisition and change 
monitoring procedures on the broadcast channel (BCCH), 
and paging. 

A WTRU may be configured to use carrier segments for a 
serving cell. Carrier segments may be configured for the 

45 downlink component carrier and/or for the uplink component 
carrier of the concerned serving cell. "Secondary Cell (SCell )" may refer to the cell operating on 

a secondary frequency which may be configured once a radio 
resource control connection may be established and which 
may be used to provide additional radio resources. System 
information relevant for operation in the concerned SCell 50 

may be provided using, for example, dedicated signaling 
when the SCell may be added to the WTRU's configuration. 
Although the parameters may have different values than those 
broadcasted on the downlink of the concerned SCell using the 
system information (SI) signaling, this information may be 55 

referred to as SI of the concerned SCell and may be indepen­
dent of the method used by the WTRU to acquire the infor­
mation. 

"PCell DL" and "PCell UL" may refer the DL CC and the 
UL CC of the PCell, respectively. The terms "SCell DL" and 60 

"SCell UL" may correspond to the DL CC and the UL CC (if 
configured) of a SCell, respectively. 

A minimal set of configuration parameters for CSs (e.g., 
Lite CSs Configuration) may be described herein. The WTRU 
may receive a configuration that may include parameters used 
to, for example, define the extension of the nominal band­
width B

0 
that may be used by the WTRU for the concerned 

serving cell, such that the WTRU may, for example, derive the 
value for total bandwidth B. For example, such parameters 
may include a parameter Bu, representing the bandwidth of 
one segment of the configured carrier segments and a param­
eter B d, representing the bandwidth of the other segment 
where Bu =Bd in case of a symmetrical extension (in which 
case a single parameter may be used) of the nominal band­
width B

0
• 

The WTRU may adjust the RF front end to the center 
frequency of the total bandwidth Band may adjust the band­
width of its transceiver to the total bandwidth B upon con­
figuration of the carrier segments. For example, the eNB may 
provide for the WTRU a new center frequency for the 

"Serving cell" may refer to a primary cell (e.g., a PCell) 
and/or a secondary cell ( e.g., a SCell). For a WTRU that may 
or may not be configured with any SCell or that may or may 
not support operation on multiple component carriers ( e.g., 
carrier aggregation), there may be one ( e.g., only one) serving 

65 extended carrier via higher layer signaling, once the WTRU 
may be configured with carrier segment for the concerned 
serving cell, for example, when the initial state of whether or 
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not the carrier segments may be used is a deactivated state. If 
carrier segment activation and deactivation is used, the 
WTRU may not retune its RF front end, for example, for 
downlink transmission. For example, the WTRU may adjust, 
tune, and/or retune its RF front end when the carrier segments 5 

are activated and/or deactivated. For uplink transmissions, the 
WTRU may be used to adjust its transmission emission mask 
at any change of the total bandwidth B. 

Carrier segments may be used for contiguous resource 
allocation or non-contiguous allocation. Whether or not car- 10 

rier segments may be used for contiguous allocation may be 
configurable for a given WTRU. For example, the resource 
allocation may differ based on the WTRU and/or the network 
configuration ( e.g., the configuration aspect). For example, in 
a subframe for which carrier segments may be used, the 15 

WTRU may perform one of the following: (1) if a contiguous 
allocation is configurable, the WTRU may determine that the 
resource allocation (e.g., implicitly) extend beyond the edge 
of the indicated resource allocation. A guard band between 
the carrier segments and the concerned serving cell may not 20 

be used. Resources ( e.g., RBs) for data transmission may be 
allocated contiguously beyond the edges of the serving cell; 
or (2) if a non-contiguous allocation is configurable, the 
WTRU may determine that the resource allocation ( e.g., 
implicitly) includes the physical resource blocks of the carrier 25 

segments, for example, resource blocks ( e.g., all RBs) of the 
concerned carrier segment. Some guard band( s) may be used 
between the carrier segments and the concerned serving cell 
for non-contiguous resource allocation. The size of guard 
band(s) used for non-contiguous allocation may be signaled 30 

( e.g., in terms of number of RBs) to the WTRU configured 
with the carrier segments via higher layer signaling. For 
example, the size of guard band( s) may be predefined depend­
ing on the bandwidth of the serving cell and/or the bandwidth 

24 
rier segments. For uplink transmissions, such parameter(s) 
may allow the WTRU to transmit using one of more of the 
concerned RBs for PUSCH and may include ( e.g., the set of 
RBs ( e.g., RB allocation) and a PUSCH transmission period­
icity ( or subframe configuration) for the carrier segments. It is 
contemplated that the carrier segments may use the same 
MCS and HARQ process as that of the concerned serving 
cell, but other MCS and HARQ processes are possible. The 
configuration may include parameters for reference signals 
(e.g., DM-RS) for downlink transmissions and/or parameters 
for SRS extensions for uplink transmissions. 

The WTRU may apply the configured semi-static resource 
allocation in (e.g., only in) subframes for which the WTRU 
receives explicit control signaling ( e.g., dynamic scheduling 
using PDCCH) for a downlink assignment on PDSCH or in 
the subframe in which the granted uplink resources may be 
used for a transmission on PUSCH. 

The WTRU may apply the configured semi-static resource 
allocation to ( e.g., only to) specific subframe( s ), according to 
one or more of the following: (1) the resource allocation may 
be available periodically, for example, starting from the sub-
frame in which the activation command is received by the 
WTRU; and/or the resource allocation may be available for a 
subset of subframes within a given set of subframes (e.g., 
during a 10 ms frame). 

For example, the WTRU may apply the configured semi­
static resource allocation in a subframe for which it has a 
configured downlink assignment and/or a configured uplink 
grant (e.g., in the case of resource allocation using semi­
persistent scheduling). For example, the WTRU may receive 
a configuration for a semi-static resource allocation appli-
cable to a subset of the RBs of the carrier segment for a 
concerned serving cell using RRC signaling. The WTRU may 
receive a downlink assignment for a PDSCH transmission in 

of the carrier segments. 
The concerned resource blocks (e.g., nominal RBs and 

extended RBs) may be concatenated according to any of the 
methods described herein 

35 a DCI message on PDCCH (e.g., cross-carrier scheduled) in 
a given subframe in which the semi-static configuration of 
RBs for the carrier segment is applicable. The WTRU may 
concatenate the RBs indicated in the received DCI with the 

Control signaling for resource allocation may be flexible 
(e.g., dynamic) by relying on physical layer signaling (e.g., 
PDCCH and/or DCI format extensions) or may rely on at least 
a number of semi-statically configured parameters (e.g., by 
RRC configuration). 

RBs indicated by the semi-static resource allocation for car-
40 rier segments. The WTRU may decode the PDSCH transmis­

sion using the RBs that result from a concatenation process. 
For example, the WTRU may perform the concatenation pro­
cedure if ( e.g., only if) the use of carrier segment is activated. 

Legacy control signaling for downlink assignments and 
45 uplink grants may be used in conjunction with carrier seg­

ments, for example, without modifications to legacy DCI 
formats and/or blind decoding implementations for PDCCH 
reception. 

For example, the DCI format used for resource allocation 
may extend the Rl O control signaling, ( e.g., the WTRU may 
implicitly determine whether or not it may decode downlink 
assignments ( or transmit for uplink grants) for the concerned 
cell in the given subframe. For example, for downlink trans­
missions the WTRU may use a configuration to determine 
whether or not additional RBs may be used (and/or may be 50 

concatenated) with the downlink RB assignment for PDSCH 
indicated in the received DCI. For example, for uplink trans­
missions the WTRU may use a configuration to determine 
whether or not additional RBs may be used (and/or may be 
concatenated) with the granted uplink RB resources for 55 

PUSCH indicated in the received DCI. 

For example, a semi-static resource allocation configured 
for the carrier segment for the WTRU may be disabled using 
RRC signaling and/or L1 signaling where the L1 signaling 
may be done (dynamically), for example, using a single bit 
flag/field in a DCI message on PDCCH in a given subframe in 
which the semi-static configuration of RBs for the carrier 
segment is applicable. If it is disabled in the subframe, then 
the WTRU may be expected not to decode any data symbol in 

The WTRU may receive a configuration that includes, in 
addition to the minimal set of configuration parameters used 
to determine RBs that may be used for carrier segments, 
parameters that allow the WTRU to receive (or transmit) 
using one or more of the concerned RBs. The concerned 
configuration may include one or more semi-static resource 
allocations. For downlink transmissions, such parameter(s) 
may allow the WTRU to receive and/or decode one or more of 
the concerned RBs for PDSCH and may include, for example, 
the set of RBs ( e.g., RB allocation) and/or a PDSCH trans­
mission periodicity (or subframe configuration) for the car-

the PRBs corresponding to the semi-static resource allocation 
for the carrier segment. For this disabling ( and/or enabling) of 
a semi-static resource allocation for the carrier segment, a 

60 single bit may be defined in a corresponding DCI format. An 
implicit indication of the disabling (and/or enabling) may be 
done using an existing bit( s) ( or any combination of some of 
the existing bits/fields) in a DCI format. 

For example, the configuration for semi-static resource 
65 allocation may include a plurality of resource allocations, for 

example one or more sets ofresource allocation. For example, 
a set may include up ton groups of consecutive RBs allocated 

Ex.1014 
APPLE INC. / Page 38 of 53 



US 8,897,253 B2 
25 

in the carrier segment. For example, a group may include a 
plurality of RB groups, for example, one group ofRBs in the 
carrier segment corresponding to extension Bu and another in 
extension Bd. If a contiguous resource allocation is config­
urable, the WTRU may determine whether the RBs of the 5 

carrier segment correspond to extension Bu or to extension 
B d, by selecting the extension which corresponding RBs may 
be adjacent to the allocated RBs in the received DCI format 
( or in the configured assignment or grant). Each item in the set 
ofresource allocations may be indexed, for example, using an 10 

index allocation [O, n]. 
The WTRU may receive in the control signaling for the 

dynamic scheduling of a codeword ( e.g., DCI on PDCCH) in 
a given subframe an indication of what set of resource allo-

15 
cation it may use for the carrier segment and, for example, 
using a 2k bit field in the case of up to k sets of resource 
allocation. For example, when (e.g., only when) the use of 
carrier segment may be activated ( e.g., according to at least 
one of the methods described herein). The WTRU may use the 20 

semi-static allocated resource for the carrier segments. For 
example, the WTRU may use the resource allocation indi­
cated in the activation command. 

The WTRU may receive control signaling that activates the 
use of carrier segments for one of more serving cells of the 25 

WTRU's configuration. 
The control signaling may include one or more of the 

following: 
Layer 1 signaling: The WTRU may receive a DCI format 

on PDCCH that indicates activation of a configuration for one 30 

or more carrier segment(s). For example, the indication may 
be according to at least one of the following: (a) the WTRU 
may decode the DCI format using a configured RNTI ( e.g., a 
CS-RNTI); and/or (b) the WTRU may determine that a DCI 

35 
format may be of a certain type and/or may include an explicit 
indication ( e.g., a field and/or flag). For example, the method 
described above used as an indication may activate and/or 
change the activation state for the carrier segment of the 
carrier to which the DCI format may be applicable ( e.g., the 40 

serving cell corresponding to the concerned PDCCH or the 
serving cell explicitly indicated by the carrier field indicator 
in the DCI format). The WTRU may transmit a HARQ ACK 
feedback to acknowledge the reception of the DCI interpreted 
as the activation command. For example, for DCI signaling 45 

received in subframe n, the WTRU may transmit HARQ ACK 
on an uplink chamiel in subframe n+k, where k may represent 
a WTRU processing delay ( e.g., k=4 subframes). 

Layer 2 signaling: The WTRU may receive a MAC Control 
Element (CE) that indicates activation of a configuration for 50 

one or more carrier segment(s). For example, the MAC CE 
may be received on the PDSCH of any serving cell of the 
WTRU's configuration. The WTRU may activate the carrier 
segment(s) corresponding to the component carrier (e.g., 
uplink or downlink carrier independently) and/or the serving 55 

cell ( e.g., for one or both of the downlink and/or uplink 
component carriers, if configured) based on an explicit indi­
cation (e.g., a bitmap, or a servingCellid) included in the 
MAC CE. The WTRU may activate the carrier segment(s) 
corresponding to the component carrier and/or the serving 60 

cell that it determines based on the identity of the serving cell 

26 
segment may be activated. The configuration of the carrier 
segment may be included in the resource configuration for a 
given serving cell. 

Any of the methods described herein may include an indi­
cation of a set of resource allocations from the WTRU's 
configuration for the concerned cell it may use for the carrier 
segment after activation, for example, using a 2k bit field in 
case ofup to k sets of resource allocation. 

The activation of the use of the carrier segments may be 
applied after a fixed delay of, for example, k subframes. For 
example, for Layer 1 signaling received at subframe n, the 
WTRU may start using the carrier segment in subframe n+k, 
where k may be equal to 8 subframes. For MAC CE signaling 
received subframe n, the WTRU may start using the carrier 
segment in subframe n+k, where k may be equal to 8 sub­
frames or, for example, in the subframe after the transmission 
of a HARQ ACK for the transport block in which the MAC 
CE was received. The WTRU may delay the start of the use of 
the carrier segments for a given ongoing HARQ process until 
the HARQ process successfully completes and/or until the 
control signaling received indicates a new data transmission 
(e.g., from the New Data Indicator-ND! field in the DCI 
format). 

When the WTRU receives control signaling that activates 
one or more carrier segment for a given serving cell, the 
WTRU may perform at least one of the following: (1) for a 
HARQ process for which a carrier segment may be used ( e.g., 
UL and/or DL ), the WTRU may consider the first assignment 
for the corresponding HARQ buffer subsequent to the sub-
frame in which the activation state may change as a new 
transmission; and/or (2) for an uplink carrier segment, if 
configured, the WTRU may trigger a Power Headroom 
Report (PHR) for at least the concerned serving cell. 

For example, the WTRU may perform any ( or at least part) 
of the above in the subframe in which the WTRU receives 
control signaling. For example, the WTRU may perform at 
least part of the above in the subframe in which the WTRU 
starts using the carrier segment (e.g., in the subframe of the 
activation). The WTRU may perform (e.g., only perform) at 
least part of the above for control signaling that changes the 
activation state of the carrier segment to the activated state. 

While the WTRU uses carrier segments, the WTRU may 
perform at least one of the following: (1) for control signaling 
that schedules radio resources, the WTRU may interpret a 
DCI applicable to the concerned serving cell according to a 
different format and/or syntax ( e.g., for resource allocation 
when carrier segment may be used); (2) for any downlink 
assignments, the WTRU may decode PDSCH, including 
methods to concatenate the concerned RBs of the activated 
carrier segment(s); (3) the WTRU may use a CQI reporting 
method, if configured, that extends to the carrier segments; 
and/or ( 4) the WTRU may change SRS reporting method, if 
configured, that extends to the carrier segments used for 
uplink transmissions (if configured). 

The WTRU may receive control signaling that deactivates 
the use of carrier segments for one of more serving cells of the 
WTRU's configuration. 

The control signaling may include one or more of the 
following: 

Layer 1 signaling: The WTRU may receive a DCI format 
on PDCCH that indicates deactivation of a configuration for 
one or more carrier segment(s). The indication may be 
according to one or more of the following: (a) The WTRU 
decodes the DCI format using a configured RNTI (e.g., a 

on which PDSCH the MAC CE had been received. For 
example, the MAC CE may include a configuration of the 
resource allocation to use for the corresponding carrier seg­
ment(s ). 

Layer 3 signaling: The WTRU may receive a configuration 
for one or more carrier segment(s ), upon which the concerned 

65 CS-RNTI); and/or (b) The WTRU determines that a DCI 
format may be of a certain type and/or includes an explicit 
indication ( e.g., a field and/or flag). The method above used as 
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an indication may deactivate and/or change the activation 
state for the carrier segment of the carrier to which the DCI 
format may be applicable ( e.g., the serving cell corresponding 
to the concerned PDCCH or the serving cell explicitly indi­
cated by the carrier field indicator in the DCI format). The 5 

WTRU may transmit a HARQ ACK feedback to acknowl­
edge the reception of the DCI interpreted as the deactivation 
command. For example, for DCI signaling received in sub­
frame n, the WTRU may transmit HARQ ACK on an uplink 
channel in subframe n+k, where k may represent a WTRU 10 

processing delay (e.g., k=4 sub frames). 
Layer 2 signaling: The WTRU may receive a MAC Control 

Element (CE) that indicates deactivation of a configuration 
for one or more carrier segment(s). The MAC CE may be 
received on the PDSCH of any serving cell of the WTRU's 15 

configuration. The WTRU may deactivate the carrier 
segment(s) corresponding to the component carrier (e.g., 
uplink or downlink carrier independently) and/ or the serving 
cell ( e.g., for one or both the downlink and/or uplink compo­
nent carriers, if configured) based on an explicit indication 20 

( e.g., a bitmap, or a servingCellid) included in the MAC CE. 
The WTRU may deactivate the carrier segment(s) corre­
sponding to the component carrier and/or the serving cell that 

28 
ured for the extension carrier to have another activated serv­
ing cell linked to it. The PCell may automatically become the 
associated serving cell for the extension carrier. (2) Activa-
tion/deactivation of the extension carrier may be directly 
linked to the activation/deactivation status of the serving cell. 
For example, an extension carrier may be deactivated when 
the associated serving cell becomes deactivated. 

Configuration of extension carriers may be restricted with­
out CRS. If the CRS is not transmitted on an extension carrier, 
the WTRU configured for the extension carrier may be con­
figured, for example, in transmission mode (TM) 9 or a new 
TM for Rl 1 and beyond. CSI-RS ( or a newly defined RS) may 
be used for CSI measurement by the WTRU for the extension 
earner. 

Scheduling with CSs may be described herein. By using 
control signaling on, for example, the PDCCH to address 
PRBs in the extended bandwidth, carrier segments may be 
managed. For example, when carrier segments are activated, 
a WTRU may use different, smallest PRB ranges ( e.g., not 
exceeding 110 RBs in total) for such control signaling and/or 
scaling of values may be used. Scaling may be defined as 
follows. Separate resource allocation for carrier segments 
may be provided. Resource allocation for a carrier segment( s) 
may be done separately from the linked serving cell. Signal-it determines based on the identity of the serving cell on 

which PDSCH the MAC CE was received. 
Layer 3 signaling: The WTRU may receive a configuration 

that modifies and/or removes one or more carrier segment( s ), 
upon which the concerned segment may be deactivated. The 
WTRU may deactivate a carrier segment according to one or 
more of the following: (1) the time since the last scheduling 
for the concerned component carrier ( or serving cell) if it may 

25 ing RA for carrier segments in the same PDCCH as for the 
linked BC CC may be used to define a new DCI format and/ or 
signaling RA for carrier segments in a different PDCCH may 
define a new DCI format. Joint resource allocation may be 
used. Resource allocation for the part of carrier segment(s) 

30 may be done jointly with that for the linked BC CC. DCI 
signaling in a single PDCCH may be used to provide a new 
DCI format. be longer that a specific value (and may be configured). For 

example, a cs-DeactivationTimer may be used for each serv­
ing cell of the WTRU' s configuration with configured carrier 
segments, and for example, for (e.g., only for) a downlink 35 

carrier segment; (2) for an uplink carrier segment, if config­
ured, the Timing Advance for the concerned serving cell may 
no longer be valid ( e.g., the Timing Alignment Timer has 
expired); (3) the WTRU may receive control signaling that 
modifies the configuration of the carrier segment for the con- 40 

cerned serving cell; and/ or ( 4) automatic deactivation of the 
carrier segments when the linked carrier is deactivated. 

When the WTRU receives control signaling that deacti­
vates one or more carrier segment for a given serving cell, the 
WTRU may perform at least one of the following: (1) for a 45 

HARQ process for which a carrier segment may have been 
used (e.g., UL and/or DL), the WTRU may consider the first 
assignment for the corresponding HARQ buffer subsequent 
to the subframe in which the activation state changes as a new 
transmission; (2) for an uplink carrier segment, if configured, 50 

the WTRU may trigger a Power Headroom Report (PHR) for 

Resource block group size (P) may be defined as a function 
of bandwidth (e.g., the bandwidth of the component carrier 
B0 ). For example, P may be a function of B0 to ensure a 
smooth coexistence in the same subframe among other UEs. 
If P is small ( e.g., BC BW, B0 is small) and carrier segment 
BW (e.g., Bseg=B0Bn) is large, the RA bits for B may be 
larger than the maximum number of bits for RA. 

P 1 may be a function of B0 and P 2 may be a function of 
Bseg=B0Bn. P1 may be used for B0 and P2 for Bseg· 

P may be a function of B (=BO+Bu+Bl), which, for 
example, may not guarantee a smooth coexistence in the same 
subframe among other UEs ( e.g., R-10 UEs ), which may use 
P based on B0 • 

P 1 may be a function ofB0 , P 2 may be a function ofBn, and 
P 3 may be a function ofB u· P 1 may be used for B0 , P 2 for B n, 
and/or P3 for Bu. 

Carrier segments may use different RA types from RA 
types used for B0 of the linked BC CC. For example, type O or 
type 1 for B

0 
and type 2 localized RA for carrier segments Bn 

and Bu. 
DCI format( s) supported for carrier segments may be 

defined (e.g., PDCCH design for carrier segments). One or 

at least the concerned serving cell; and/or (3) the WTRU may 
revert to the configuration used in the nominal bandwidth for 
other procedures such as CQI reporting and//or SRS trans­
missions, if applicable. 

Similar delay, as the delay associated with the activation, 
may be applied for the deactivation of carrier segments, and 
for example, for a deactivation using explicit signaling. 

55 more of the existing DCI formats may be reused. For 
example, the respective DCI format may be modified, if 
appropriate, and/or DCI formats that may support carrier 
segments may be specified. A new DCI format ( e.g., includ-

Similar or identical to carrier segments, the eNB may acti­
vate or deactivate an extension carrier for a given WTRU 60 

configured with the extension carrier. Several aspects may be 
considered as follows: (1) For a given WTRU configured with 
an extension carrier, activation/deactivation of the extension 
carrier may be independent of the status of activation/deacti­
vation of the serving cell associated with the extension carrier. 65 

For example, if the associated serving cell is deactivated, but 
not for the extension carrier, then the WTRU may be config-

ing DCI size) may be defined. A WTRU procedure for 
PDCCH decoding for carrier segments may be specified. For 
example, DCI formats may include control information for 
carrier segments that may be transmitted ( e.g., only transmit­
ted) in the WTRU specific SS. 

Downlink resource allocation with carrier segments may 
be described herein. When a WTRU may be configured with 
one or more carrier segment(s) for a given legacy cell, the 
resource mapping/allocation with carrier segments may be 
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specified as part of PDSCH/PUSCH transmission and/or 
reception ( e.g., including DCI signaling/receiving). For 
example, in Rl 0, resource allocation (RA) type 0, type 1, and 
type2 may be defined in order to allocate frequency resources 
(e.g., RBs) to each scheduled WTRU according to different 5 

scheduling situations for each WTRU, such as but not limited 
to the channel condition, data rate, and/or DCI format/TM 
configuration. 

Parameters used in the respective RA type may be a func­
tion of the system bandwidth of a serving cell (or component 10 

carrier) ofinterest. For example, in RA of type 0/1, the size of 
the resource block group (RBG) P, which may be a function of 
the system BW, may be used to group P-consecutive RBs to 
represent a RBG in the bitmap. When carrier segments are 

15 
configured ( e.g., the system bandwidth increases), P may 
increase to allocate resources for larger BW. The increase of 

30 
The bitmap and shift of each subset may be constructed based 
on B by using the same algorithms of, for example, R-8. The 
corresponding resource allocation fields may be illustrated 
below: 

Type Subset Shift for B Bitmap: NRB forB (-B0 + Bu+ Bn) 

Example Resource Allocation Fields for RA Type 1 

RBG's may be concatenated in the order of Bn and B0 u 
(=B0 +Bu)- B 0 umay indicate BW concatenated with B0 and 
Bu· If the number of RBGs for B n, N REG 1 , is not an integer 
multiple of P, null RBs of Nnulls may be inserted in the last 
RBG of BD where Nnulls=PrNRB.BnDL!Pl-NRB.BnDL' and 
ignored when actual data may be mapped into the 

P may cause inconsistency in resource allocation between the 
legacy WTRU (e.g., configured with the legacy BW) and the 
R-11 WTRU (e.g., configured with the extended BW). 

RBs. If the number of RBGs for B 0 u, NRBG 2 , is not an 
integer multiple of P, null RBs ofNnulls may be in;erted in the 

20 last RBG of Bau where Nnulls =PrNRB.Bo/L!Pl-NRB.Bo/L, 
and ignored when actual data may be mapped into the RBs. The following criteria may address provisioning of 

resource allocation (RA) associated with carrier segments. 
Backward compatibility to legacy WTRU s may be addressed. 
For example, P may be used ( e.g., selected) based on system 
bandwidth ( e.g., B0 ) and RA algorithms ( e.g., R-10 RA alga- 25 

rithms) may be used. The RA algorithms may or may not be 
modified. The size of RA bits for type 0 and type! may be 
used as defined in R-10, but other sizes are possible. The RA 
type 2 RA may ensure a smooth coexistence in the same 
subframe between type 0 and type 1 (e.g., the RB gap values 30 

for the distributed type may be integer multiples of the square 
of the RBG size (e.g., NP2

)). The Bn and Bu may be used by 
R-11 WTRUs. 

The RBG size P may be selected based on system BW B0 

for backwards compatibility. For example, the bitmaps of 
downlink resource allocation type 0 and type 1, respectively, 
may be extended with carrier segments. Several methods for 
ordering concatenation of B0 , Bu and B D may be considered. 

For example, if a number ofRBGs of a carrier segment is 
not an integer multiple of the size of the RBGs, then a number 
of null RBs may be inserted into a last RBG of the carrier 
segment such that the number of null RBs plus the number of 
RBs of the second carrier segment is divisible by the size of 
the RBGs. The number of null RBs may be variable. 

For RA type 0, the number of bits/RBGs for the bitmap 
may be calculated respectively for B D and B0 u as set forth in: 

NRBG,2-fNRB.BouDL!Pl 

and/or concatenated in the order ofBn and Bau· The corre-
35 sponding resource allocation fields may be illustrated below: 

Type Bitmap: NRBG,I for Bn Bitmap: NRBG,2 for (B0 + Bu) 

RBs may be concatenated in the order of B0 , Bu and B D 40 

(e.g., B=B0 +B0Bn or B=B0 +Bn if Buis not assigned). For 
example, if either of Bn or Bu is not assigned, its RBGs 
(NRBG) may be zero. 

Example Resource Allocation Fields for RA Type 0 

At least two bitmaps may be associated with resource 
allocation information. For example, the resource allocation For RA type 0, the total number ofRBGs (NRBG)/bits for 

the bitmap may be given by: 

NRBofNRB,BDL!Pl 

If the number ofRBs of the legacy BW B0 is not an integer 
multiple of P, the last RBG ofB0 may include the first NJirst.BU 
RBs of Bu where: Nfirst.Bu=PrNRB.BtLIPl-NRB.BoDL' but 
there may not be effects on legacy WTRUs (e.g., it is back­
wards compatible). 

The corresponding resource allocation fields may be illus­
trated below: 

Type 

Example Resource Allocation Fields for RA Type 0 

For RA type 1, the total RBs of the bitmap used to address 
VRBs in a selected RBG subset may have size NRB and may 
be defined by: 

45 information may comprise two bitmaps. A first bitmap may 
be associated with the RBGs of the component carrier and the 
RBGs of a first carrier segment and a second bitmap may be 
associated with the RBGs of a second carrier segment. The 
number of bits/RBG for the first bitmap may be equal to the 

50 number of RBs in the component carrier and first carrier 
segment combined divided by the size of a RBG. The number 
ofbits/RBG for the second bitmap may be equal to the num­
ber of RB in the second carrier segment divided by the size of 

55 

60 

65 

aRBG. 
For RA type 1, one shift bit may control shifting operation 

for the subsets of one or more ofBn and Bou (e.g., simulta­
neously). The number of bits/RBs for the bitmap may be 
calculated as set forth in: 

NRB-fNRB,BnDL!Pl+(fNRB,BouDLIPl-r log2Pl-l) 

The corresponding resource allocation fields may be illus­
trated below: 

Type Subset Shift Bitmap:NRB 
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Example Resource Allocation Fields for RA Type 1 
32 

of the respective carrier such that the number of null RBs plus 
the number ofRBs of the respective carrier is divisible by the 
size of the RBGs. 

For RA type 1, one shift bit may control shifting operation 
One shift bit may be used for B D and another shift bit for 

Bau· The number of bits/RBs for the bitmap may be calcu­
lated as set forth in: 5 for P subsets for Bn, B0 , and/or Bu (e.g., simultaneously) 

( e.g., all subsets may use their own shifted bitmaps, respec­
tively), if the shift bit may be set. The number ofbits/RBs for 
the bitmap may be calculated set forth in: 

NRB,2~fNRB,BouDL!Pl-r log2Pl-l 

The corresponding resource allocation fields may be illus- 10 

trated below: 

Type Subset Shift for Shift for B0u Bitmap: N RB ~ N RB,! + N RB,2 
Bn 

Example Resource Allocation Fields for RA Type 1 

15 

The corresponding resource allocation fields may be rear- 20 

ranged as shown below: 

Type Subset Shift for Bn Bitmap: NRBG,I Shift for Bitmap: NRBG,2 

NRB,3~rNRB,BuDL!Pl 

The corresponding resource allocation fields may be illus­
trated below: 

Type Subset Shift Bitmap: NRB 1 
for Bn ' 

Bitmap: NRB,2 
for B0 

Bitmap: NRB 3 
forBu ' 

Example Resource Allocation Fields for RA Type 0 

Bou 
Type Subset Shift for B0 u Bitmap: NRBG,2 Shift for Bitmap: NRBG,I 

25 One shift bit per B n, B0 , Bu may be utilized (e.g., each 

Bn 

Example Rearranged Resource Allocation Fields 

RBGs may be concatenated in the order ofB n, B0 , and Bu· 
For RA type 0, the number ofbits/RBGs for the bitmap may 
be calculated as set forth in: 

NRBG,3~rNRB,BuDL!Pl 

30 

35 

40 

and/or concatenated in the order of B n, B0 , and Bu· IfN REG 1 

for Bn is not an integer multiple of P, then null RBs CNnu;z) 
may be inserted in the last RBG of Bn, where Nnulls= 
PrNRB.BoDL!Pl-NRB.BnDL for Bn, and ignored when actual 
data may be mapped into RBs. Likewise null RBs may be 45 

inserted for B0 and Bu respectively. The corresponding 
resource allocation fields may be illustrated below: 

Type Bitmap: NRBG,I for Bn Bitmap: NRBG,2 for B0 Bitmap: NRBG 3 
for Bu ' 

Example Resource Allocation Fields for RA Type 0 

50 

55 

subset may select its own shifted bitmap based on its own shift 
bit). The numberofbits/RBs for the bitmap may be calculated 
as set forth in: 

NRB,3~rNRB,BuDL!Pl-1 

The corresponding resource allocation fields may be illus­
trated below: 

Type Subset Shift Shift Shift 
for for for Bu 

Bn Bo 

Bitmap: Bitmap: 
NRB I NRB 2 for 
for Bn Bo , 

Bitmap: 
NRB 3 for 
Bu, 

Example Resource Allocation Fields for RA Type 1 

The resource allocation fields may be rearranged as shown: 

Type Subset Shift 
for 
Bn 

Bitmap: 
NRB 1 for 
Bn, 

Shift Bitmap: Shift 
for NRB,2 for Bu 
B0 for B0 

Bitmap: 
NRB 3 for 
Bu, 

Example Rearranged Resource Allocation Fields 

Examples of methods that may be used for RA type 2 with 
carrier segments may be described herein. 

For example, the resource allocation information may 
comprise three bitmaps. A first bitmap may be associated with 
the RBGs of the component carrier, a second bitmap may be 
associated with the RBGs of a first carrier segment, and a third 
bitmap may be associated with the RBGs of a second carrier 
segment. The number of bits/RBG for the first bitmap, the 
second bitmap, and the third bitmap may be the number of 
RBs in the respective carrier divided by the size of the RBG. 

For a localized RA, the method ofR-10 uplink RA type 0 
or type 1 may be extended with one or more of the following 

60 modifications. RB index ordering may be constructed based 
on the following concatenation ordering: 

For example, if the number of RBGs of the component 
carrier, the first carrier segment, and/or the second carrier 65 

segment is not an integer multiple of the size of the RBGs, 
then a number of null RBs may be inserted into the last RBG 

concatenated in the order of B0 , Bu and B n· 
The order may be changed, for example, to NRB.BDL= 

NRB.BnDL+NRB.BoDL+NRB.BuDL concatenate in the order of 
Bn, B0 and Bu. 
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The order may be based on the legacy part ( e.g., B0 ) and the 
segment part Bn, Bu (e.g., separately/individually), for 
example, NRB.BoDL, NRB.BnDL, NRB.BuDL_ 

The order may be based on the legacy part (B0 ) part and a 
segment part (Bn+Bu, or Bu+Bn)) separately (e.g., NRB.B DL 5 

and (NRB.Bn+BuDL or NRB.Bu+BnDL)). o 

For example, for uplink RA type 1 method, the number of 
RA sets M and the RBG size P may be predetermined with 
respect to concatenated BWs above. For example, P may be 
selected based on B0 , or B0 and each segment BW Bn, Bu, or lO 

B n+ Bu· Mand P may be signaled dynamically by PDCCH or 
semi-statically via L2/L3 signaling. 

34 
4th (NP-th) RB (e.g., [(0,4),(1,5)], [(2,6),(3,7)], [(8,12),(9, 
13)], [(10,14),(11,15)], ... ). The same R-10 RA algorithm 
with newly constructed RB Gs above may be applied. The gap 
for Type 2 may be an integer multiple of NP2 in order to 
ensure a smooth coexistence in the same subframe between 
other types (0, 1 ). 

FIGS. 7 to 13 are diagram illustrating example bitmaps. 
Referring the FIG. 7, the example bitmap is based on P'=2P 

(N=2, P=2 based on B0 =25 RBs, segment BW=l0 RBs) 
where: 

N RB,BDL~25+ 10~35, r~2P~2x2~4, N,ub,e,~log2 P or 
N,ub,,,~!ogo(2P) 

For Distributed RA, the operations may be as follows. 
Interleaver operation may apply to: (i) total BW B; (ii) legacy For Type 0, the number of bits for the bitmap may be 
BW B0 ; (iii) B0 and Bu+Bn (or Bn+Bu) separately and then 15 derived by: 
stack them to read out colunm by colunm; and/or (iv) Bn, B0 

and Bu separately and then stack them to read out colunm by 
colunm. Frequency hopping for odd time slots to: (i) disable 
(e.g., always disable) for carrier segments and/or enable/ 
disable (e.g., always enable/disable) by L1 signaling; (ii) 20 

apply to B0 (e.g., the same as R-10); (iii) apply to Bn, B0 , Bu, 
Bun (e.g., independently); and/or (iv) apply to B by redesign­

For example, the resource allocation information may be 
associated with a bitmap. The number of bits for the bitmap 
may be determined by a combined number of RBs of the 
component carrier and the one or more carrier segments 
divided by the size of a RBG. 

Referring to FIG. 8, an example bit map is shown. ing Gap table for B. 
For Type 1, the number of bits for the bitmap may be 

derived by: 

NRB,~fNRB,BDLIP'l-r log2Pl-l 

Referring to FIGS. 9 and 10, example bit maps for Type 1 
are shown. 

Referring to FIGS. 11 and 12, example bit maps may be 
shown for Type 0, P'=2P and N RB DL=50, P=3. The number of 
bits for bitmap may be derived by NRBG=rNRB.BDLIP'l=9. 

The RBG size P' may be an integer multiple of P (P'=NP) 
where P may be selected based on system BW B0 where 25 

N=rNRB.BDL/NRB.BoDLl (e.g., if Bn+Bu<=Bo, then P'=2P). 
This may be used, for example, in cases that the maximum 
size of RA bits for Type 0 and Type 1 for NRB.B may be out of 
range for a given P, for example, as illustrated in Table 4 
and/or the number of blind decodes ( e.g., payload sizes) with 30 

carrier segments may be kept the same as that ofR-8 and/or 
R-10 (e.g., to match the payload size ofR-8 and/or R-10 DCI 
formats some padding bits may to be added, if appropriate). Referring to FIG. 13, an example bit map, the element of 

which may be a pair of RBs as described in type 0 above, is 
35 shown. The number of bits for the bitmap may be derived by 

NRBs=rNRB.BDL!P'l-r log2 Pl-1=6. 
TABLE4 

System RBGSize Max. Bits 
Bandwidth (P) for Type 0 and Type 1 

,;10 10 
11-26 2 13 
27-63 3 21 
64-110 4 28 

For example, the size of a RBG of a component carrier and 
at least one carrier segment may be based on a scaling factor 
multiplied by a legacy RBG size (e.g., 3GPP Rel-8/Rel-10 
RBG size) of the component carrier. The legacy RBG size 
may be determined by the system bandwidth of the compo­
nent carrier. For example, the legacy RBG size may be deter­
mined by applying the system bandwidth of the component 
carrier to Table 4 described herein. The scaling factor may be 
determined by the number ( e.g., maximum number) ofRBs of 
the component carrier and the one or more carrier segments. 
For example, if the combined number of RBs of the one or 
more carrier segments is less than or equal to the number of 
RBs of the component carrier, then the scaling factor may be 
two. If the combined number ofRBs of the one or more carrier 
segments is greater than the number ofRBs of the component 
carrier, then the scaling factor may be x, wherein xis equal to 
the combined number of RBs of the component carrier and 
the one or more carrier segments divided by the number of 
RBs of the component carrier. 

For example, N RBs may be grouped to create an element 
ofRBG. Examples may be provided herein for P'=NP where 
N=2. An element ofRBG may be constructed with two (N=2) 
consecutive RBs (e.g., [(0,1),(2,3)], [(3,4),(5,6)], ... ). 
An element of RBG may be constructed with a RB and its 

40 

RBG size P' may be calculated as a function of the system 
BWs Bo and B and P, for example: P'=rNRB.BDL/NRBG l, 

r DL l 0 where NRBGo= NRB.Bo IP . 
For the resource allocation Type 0, for example, the num­

ber of bits for a bitmap may be derived by NRBG=rNRB.BDL/ 
P'l 

For the resource allocation Type 1, the number of the bits 
for bitmap maybe derived by NRBTYPEl=rNRB.BDLIP'l-r log2 

45 P'l-1. The number of bits for bitmap may be derived by 
NRBTYPEl=rNRB.BDL!Pl-r log2 P'l-1. 

The implementations described herein may be used, for 
example, when the maximum size of RA bits for Type 0 and 
Type 1 for NRB.BDL may be out of range for a given P and/or 

50 the number of blind decodes ( e.g., payload sizes) and/or the 
bits used for bitmap with carrier segments may be kept the 
same as that ofRel-10 ( e.g., in order to match the payload size 
ofRel-10 DCI formats some padding bits may be added if 
necessary). The number of the bits for the resource allocation 

55 ( e.g., required for the resource allocation) of the whole carrier 
( e.g., including the segments) with system bandwidth B may 
be equal to or less than that of the R-10 for system B W B0 • The 
new RBG may be selected to have the minimum possible size 
considering the number of available Rel-10 resource alloca-

60 tion bits corresponding to P. 
For example, the size of a RBG of a component carrier and 

at least one carrier segment may be based on the combined 
number ofRBs of the component carrier and the one or more 
carrier segments divided by the number oflegacy RBGs ( e.g., 

65 3GPP Rel-8 or Rel-10 RBGs) of the component carrier and 
rounding up the resulted value to the next highest whole 
number. The number oflegacy RBGs may be determined by 
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dividing the system bandwidth of the component carrier by 
the legacy RBG size (e.g., 3GPP Rel-8 or Rel-10 RBG size) 
and rounding up to the next highest whole number. For 
example, a legacy RBG size ( e.g., 3GPP Rel-10 RBG size) of 
the component carrier may be determined by applying the 5 

system bandwidth of the component carrier to Table 4 
described herein. 

36 
may accommodate larger payload sizes for RA for carrier 
segments. In order to avoid growing blind decodes, the fol­
lowing may be implemented. 

For example, new RB groups may be constructed. An ele­
ment of a RBG may be constructed with P' consecutive RBs 
(e.g., for P'=3 the RBGs may be (0,1,2), (3,4,5), ... ). An 
element of a RBG may be constructed with a RB and its P'-th 
RB (e.g., for P'=3 the RBGs may be (0,3,6), (1,4,7), (2,5,8), 
(9,12,15), (10,13,16), ... ). The same Rel-10 RA algorithm 
may be applied with newly designed P' and its resulted RBGs 

15 
(e.g., those described above). 

Partitioning DCI into two parts such that one part for legacy 
DCl/PDCCH may reside on the legacy control region, e.g., as 
in R-10, and the other part for carrier segment DCI may be 
placed on an extended control region of PDSCH. The 
extended control region of PDCCH for carrier segments may 
be a part ofresource blocks ( or, e.g., resource elements (REs)) 

10 for PDSCH ( or, e.g., the data field) corresponding to a WTRU 
such that eNB may assign RBs ( or, e.g., REs) for PDSCH 
including CCEs for carrier segment DCI, for example as 
shown in FIG. 18. 

For example, P' may =3 (e.g., P=2 based on B0 =25 RBs, 
segmentBW=l0 RBs). NRB.BDL=25+l0=35, P=2, NRBG

0
=l3, 

P'=r35/13l=3. 
In RA Type 0, the number of bits for a bitmap may be 20 

derived by, for example, NRBG=rNRB.BDL/P'l=l2. FIG.14 is a 
diagram illustrating an example bitmap. 

For RA Type 1, for example, using NRBTYPEl=rNRB.BDL/ 
P'l-r log2 P'l-1, the number of the bits for bitmap may be 
NRBTYPEI=9. FIG. 15 is a diagram illustrating an example of 25 

bit-mapping. 
For example, P' may =4 (e.g., P=3 based on B0 =28 RBs, 

segment BW=6+6 RBs) NRB.BDL=28+6+6=40, P=3, 
NRBGo=l0, P'=r 40/101=4. 

For RA Type 0, the number of bits for a bitmap may be 30 

derived by NRBG=rNRB.BDLIP'l=l0. FIG. 16 is a diagram 
illustrating an example bitmap. 

For RA Type 1, for example, using NRBTYPEl=rNRB.BDL/ 
P'l-r log2 P'l-1, the number of the bits for a bitmap may be 35 

N RB TYPE 1=7. FIG. 17 is a diagram illustrating an example of 
bit-mapping. 

Methods ( e.g., composite methods) may use DL RA meth­
ods for a backwards compatible part and/or UL RA method 
(Type 0 or Type 1) for carrier segment parts. The backwards 40 

compatible/legacy part (e.g., B0 ) may use R-10 RA methods 
(e.g., no changes) and the carrier segment parts (e.g., Bn and 
Bu) may use enhanced R-10 uplink methods with RA type 0 
or type 1 with M, where M may be the number of resource 
block sets/clusters. M may be predetermined for each seg- 45 

ment part or for combined segment parts ( e.g., Ml for Bn and 
M2 for Bu, or M for Bn+Bu, etc.). M may be signaled 
dynamically by PDCCH or semi-statically via L2/L3 signal­
ing. 

Resource allocation methods for the extended control 
region of PDSCH for carrier segment DCI may follow pre­
determined frequency first then time/OFDM symbols. 
Resource allocation methods for the extended control region 
of PDSCH for carrier segment DCI may follow predeter­
mined time/OFDM symbols first then frequency. Such imple­
mentations may include one or more of the following options: 
with the lower region in allocated RBs for PDSCH through 
OFDM symbols (e.g., all OFDM symbols); with the higher 
region in allocated RBs for PDSCH through OFDM symbols 
( e.g., all OFDM symbols); with the center region in allocated 
RBs for PDSCH through OFDM symbols (e.g., all OFDM 
symbols); and/or with a distribution of both low and high 
region to exploit frequency diversity. Resource allocation 
methods for the extended control region of PDSCH for carrier 
segment DCI may follow predetermined distributed through a 
data block using predetermined rules ( e.g., close to RS: CRS, 
DMRS, and/or CSI-RS). 

In certain example embodiments, it may be signaled via a 
higher layer. In certain example embodiments, the resource 
allocation may be implicit and may use WTRU specific 
parameters. In certain example embodiments, it may be sig-
naled dynamically by PDCCH or semi-statically via L2/L3 
signaling. 

As an extension carrier may be configured as an R-10 
serving cell (e.g., a SCell), the resource allocation methods 
used for a R-10 SCell may be applied for extension carriers. 
An extension carrier may be configured differently as com­
pared to an R-10 SCell, for example, with no CRS, no 
PDCCH, no PBCH, and/or no PSS/SSS transmission on the 
extension carrier. An extension specific resource allocation/ 
mapping scheme may be used. If PDCCH is not configured 
for an extension carrier, cross-carrier scheduling for the 
extension carrier may be performed by a linked serving cell. 
A new DCI format or formats may be defined to support 

The uplink resource allocation with carrier segments may 
use the same methods for the downlink RA with carrier seg­
ments described herein, for example, by disabling frequency 
hopping. The following frequency hopping methods may be 
used: disable (e.g., always disable) for carrier segments or 
enable/disable by L1 signaling; apply to B0 (e.g., only apply) 
(e.g., the same as R-10); apply R-10 frequency hopping 
method to B0 and separately hopping between Bn and Bu; 
apply to B n, B0 , Bu, Bun independently; and/or apply to B by 
redesigning Gap table for B. 

50 extension carriers in, for example, R-11 and beyond for 3GPP. 
Extension carriers may be configured within a small sys­

tem bandwidth (e.g., less than 5 MHz) and DCI formats 
and/or resource allocations with full flexibility in resource 
block (RB) assignment may not be appropriate. For example, 

55 as RA type 2 (e.g., as defined in resource allocation for 
PDSCH in LTE-A) may be associated with a relatively small 
PDCCH payload size, RA type 2 may support extension 
carriers ( e.g., only RA type 2). Other resource allocation type 

Separate DCI for carrier segments from the backward com- 60 

patible PDCCH may be described herein. 
FIG. 18 is a diagram illustrating an example of a DCI 

transmission for CSs in PDSCH. Referring to FIG. 18, since 
the RA methods, e.g., as described herein, may be designed 
based on one jointly encoded PDCCH with carrier segments, 65 

the payload sizes ofDCI formats may increase. The number 
ofblind decodes may increase due to new DCI formats, which 

( e.g., RA type 0 or 1 defined in LTE-A DL) may be applied for 
extension carriers. 

The RA scheme used for LTE-A PUSCH transmission may 
be used for extension carriers where a localized type RA 
method is defined for PUSCH. For example, resource alloca­
tion type 0 or type 1, which is definedinR-10 DCI format 0/4, 
may be applied for extension carriers. 

Frequency hopping may be applied to extension carriers on 
a slot and/or resource block basis. 
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The PDSCH may be mapped to physical resources in the 
extended bandwidth (e.g., mapping to REs within carrier 
segments). When carrier segments are configured for a serv­
ing cell, the PRBs may be numbered in the carrier segments. 
The following rules may be considered for RB/RE mapping 5 

with carrier segments: Maintain PRB numbers within a main 
(R-10) carrier as in R-10 (e.g., numbering PRBs starting at the 
lowest frequency of the main carrier); Extend PRB numbers 
for carrier segments in a consecutive manner, if possible; 
and/or Avoid changing the R-10 RS RE mapping rule, if any, 10 

due to numbering PRBs in carrier segments. 
FIGS. 19 and 20 are diagrams illustrating examples of 

numbering PRBs with carrier segments. Several variations 
may exist for numbering PRBs in carrier segments. FIG. 19 
shows one example of such a process. As shown in the FIG. 15 

19, the PRBs in the main carrier may be numbered first, then 
the upper carrier segment may be numbered following the 
lower carrier segment (e.g., with wrapping around). FIG. 20 
shows another example numbering process. As shown in the 
FIG. 20, consecutive numbering for the overall carrier occurs. 20 

In this case, the RBs in the lower carrier segment may be 
numbered with negative values. 

The PDSCH may be mapped to physical resources in the 
extended bandwidth (e.g., mapping to REs with carrier seg­
ments). This may be related to resource allocation for carrier 25 

segments including mapping from VRB to PRB in carrier 
segments. 

Modulated data symbols may be mapped to REs/RBs first 

38 
compatible CC, the eNB may control interference ( e.g., inter­
cell interference) differently between the carrier segments 
and the backwards compatible CC. The transmit power levels 
for different carrier segments may be different. If the transmit 
power levels between the carrier segments and the linked CC 
are different, then the power ratio ( e.g., or power difference) 
may be signaled to the WTRU via, for example, broadcast 
signaling or dedicated signaling. 

WTRU procedures for receiving PDSCH on extension car-
riers may be described herein. An extension carrier may be 
configured as a SCell, but without some of the PHY channels/ 
signals, for example, no PBCH, no PDCCH/PHICH/PC­
FICH, no PSS/SSS, and/or no CRS ( e.g., in Rell l ). A WTRU 
configured with an extension carrier may not be used to 
receive/process the PHY channel(s )/signal( s) which may not 
be transmitted on the extension carrier. For example, if the 
(legacy) CRS is not present in the extension carrier, the 
WTRU may not perform CRS based channel estimation for 
the extension carrier. In the absence of some of the control/ 
system information, the extension carrier may not be acces-
sible and/or backward compatible to UEs of a previous 
release. 

Each extension carrier may be configured differently. 
Implementations associated with receiving PDSCH exten­
sion carriers may be described herein. 

Knowing the physical characteristics of an extension car­
rier may be discussed herein (e.g., receiving a configuration 
for an extension carrier from the eNB). As an extension car-in the main serving cell and then the rest of the modulated 

symbols may be mapped to REs/RBs in carrier segments. The 
mapping of modulated data symbols into RBs may occur in 
ascending order of RB index numbers, for example, starting 
with the lowest RB index number ( e.g., with an RB index of 
zero). Because there may be no PBCH, no synchronization 
signals (PSS/SSS) and/or no CRS in the carrier segments, Res 
(e.g., all Res) (e.g., except for DM-RS and possible CSI-RS) 
in the physical RBs corresponding to the VRBs assigned for 
PDSCH may be used for PDSCH in the carrier segments. 

30 rier may have different characteristics than a legacy serving 
cell, any distinction may be made for an extension by a 
WTRU configured for the extension carrier, so that the 
WTRU may receive PDSCH on the extension carrier. The 

Unused symbols of the control region in carrier segments 
may be reclaimed (e.g. reused). The starting OFDM symbol 
for the PDSCH transmission in carrier segments may be 
defined. For example, the starting OFDM symbol for the 
PDSCH in the carrier segment may be the same as of the 
linked serving cell. The starting symbol for the PDSCH may 
be offset with regard to the starting OFDM symbol for the 
linked serving cell. FIG. 21 is a diagram illustrating an 
example mapping of PDSCH in carrier segments. 

35 
WTRU may know the physical characteristics of an extension 
carrier configured for it. 

For example, during RRC connection (re)configuration 
that adds a serving cell ( e.g., using dedicated RRC signaling), 
the WTRU may be configured with an extension carrier (as a 

40 SCell) with (additional) extension carrier specific param­
eters. Such extension carrier specific parameters may include 
any combination of the following: bandwidth of the extension 
carrier ( e.g., in terms of number of RBs ); CRS configuration 
( e.g., presence or absence of CRS in the extension carrier), 

45 and CRS pattern, if CRS is present; and/or the number of 
antenna ports used for CRS transmission, ifCRS is transmit­
ted in the extension carrier. RRC connection (re)configura­
tion for an extension carrier may be done by the PCell or the The carrier segments may have their own starting OFDM 

symbol within the carrier segments. The starting OFDM sym­
bol for the PDSCH in carrier segments may be given to the 50 

WTRU via higher layer signaling or L1 signaling ( e.g., using 
PCFICH). The particular symbol may be predefined ( e.g., the 
first OFDM symbol), for example, during the configuration 
and/or activation of the carrier segments. The eNB may con­
figure each Rl l WTRU between the implementations 
described herein via L1 ( e.g., dynamic) and/or L2/3 signaling 
(e.g., semi-static). FIG. 22 is a diagram illustrating an 
example mapping of PDSCH in carrier segments. 

serving cell linked to the extension carrier. 
During RRC connection (re )configuration that adds a serv-

ing cell, a parameter in RRC signaling may indicate to the 
WTRU whether the configured carrier is an R-10 SCell or an 
R-11 SCell. Some characteristics (e.g., physical characteris­
tics) may be predefined and/or standardized for R-11 SCell 

55 (e.g., extension carriers), such as but not limited to, no PSS/ 
SSS, no PBCH, no PDCCH/PHICH/PCFICH and/orno CRS. 

During RRC connection (re )configuration that adds a serv­
ing cell, the WTRU may derive/determine the carrier type of 
the configured serving cell, for example, by the cell ID ( e.g., The PDSCH EPRE (Energy per RE) in carrier segments 

may be defined. The PDSCH EPRE (Energy per RE) in car­
rier segments may include the same EPRE as for the PDSCH 
on the linked BC CC. The WTRU may consider that the power 
based on p B may be applied for the PRBs in the carrier 
segments. The Tx power (EPRE) of PDSCH in carrier seg­
ment may be different from that on the linked BC CC ( e.g., for 
DL interference coordination/management). With different 
power allocations for the carrier segments and the backwards 

60 SCellID), the type of IE used ( e.g., translating in one bit flag 
in ASN.l according to standard practice for ASN.l) and/or 
whether or not a given parameter is present, etc. For example, 
if a parameter x is present in the configuration of the SCell, 
then the WTRU may know that the configuration is for an 

65 R-11 SCell (e.g., extension carrier). 
A L1 indicator regarding the type of the carrier may be 

signaled to the WTRU, for example, in the PDCCH corre-
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sponding to the carrier. For example, a flag bit(s) indicating 
the type of the carrier may be included in the PDCCH for the 
concerned carrier. 

40 
For a given extension carrier, PDSCH transmission on the 

extension carrier may be cross-carrier scheduled from 
PDCCH on the associated legacy carrier ( e.g., only on the 
associated legacy carrier). 

A set (e.g., limited set) of reception type combinations 
and/or monitored RNTI types may be used for extension 
carriers, for example, so that a WTRU configured with an 
extension carrier may monitor the set of PDCCH candidates 
on the associated legacy carrier. For example, an extension 

Depending on the DCI format in PDCCH and/or transmis­
sion mode (TM) ( or combination of the DCI format and TM) 5 

used for the concerned carrier, the WTRU may identify/de­
rive the type of the carrier. For example, if the WTRU is 
configured with TM x in the carrier and/or DCI format y for 
the carrier, the WTRU may consider that the carrier is of a 
given carrier type (e.g., extension carrier). A new DCI 
format(s) and/or a new TM(s) may be defined/supported for 
extension carriers. 

10 carrier configured for a WTRU may transmit ( e.g., only trans­
mit) dynamically scheduled unicast data, so that, for example, 
the extension carrier the WTRU may monitor PDCCH with 
CRC scrambled by C-RNTI (e.g., in the WTRU specific 
search space of the associated legacy WTRU). A WTRU Once the ( e.g., R-11) WTRU knows about the type of the 

configured carrier ( e.g., using one or a combination of the 
above embodiments), it may perform some PHY functions 
( e.g., PHY procedures) with the carrier, accordingly, but may 
also avoid unnecessary operation(s). For example, if the 
WTRU is configured with an extension carrier not carrying 
PBCH, PSS/SSS, PDCCH, and/or CRS, then it may skip any 
operation( s) (e.g., some PHY procedures) associated with the 
PHY channel(s)/signal(s) not transmitted in the concerned 
carrier. If some control/system information and/or measure­
ment/synchronization information used for the concerned 
carrier may not be available from the carrier due to the 
absence of some PHY channel(s)/signal(s), then the WTRU 
may obtain/ acquire the information/parameter( s) from 
another carrier ( e.g., PCell or the linked carrier). 

15 configured with an extension carrier may not be used to 
monitor PDCCH configured for the extension carrier and 
with CRC scrambled by SPS C-RNTI in the WTRU-specific 
search space of the associated carrier. 

For an extension carrier, PDCCH with CRC scrambled by 
20 C-RNTI or SPS C-RNTI may be supported (e.g., only sup­

ported) in the WTRU-specific search space of the associated 
legacy carrier, even if the associated carrier is the primary 
earner. 

DCI formats specific to extension carriers may be 
25 described herein. The DCI formats to decode in the WTRU 

specific search space may depend on the transmission mode 
configured for the WTRU (e.g., in R-10). Transmission 
modes may correspond to different MIMO configurations. 

In order to reduce the number of blind decoding attempts, 
a set (e.g., limited set) ofDCI formats may be supported for 
extension carriers. Extension carriers may be configured 
within a small system bandwidth. DCI formats having full 
flexibility in resource block (RB) assignment may not be 
used. 

If CRS is not configured in an extension carrier, a WTRU 
configured with the extension carrier may be expected to be 
configured in transmission mode 9 using a certain set of DCI 
formats ( e.g., DCI format IA and 2C). 

Cross-carrier scheduling for extension carriers ( e.g., in the 
case of no PDCCH in extension carrier) may be described 30 

herein. If PDCCH is not configured for an extension carrier, 
cross-carrier scheduling for the extension carrier may be per­
formed by a linked serving cell. In addition, a new DCI 
format( s) may be supported for extension carriers in R-11 and 

35 
beyond. In order to minimize any (negative) impact on the 
WTRU PDCCH decoding complexity, it may be advanta­
geous to provide some constraints on blind decoding of 
PDCCH for extension carriers. DCI format( s) and/ or transmission mode( s) may be defined 

40 to support extension carriers (e.g., in R-11) where such DCI 
format(s) and/or transmission mode(s) may be used with/ 
without CRS in a carrier. 

When a WTRU is configured with an extension carrier(s ), 
each extension carrier may have an associated legacy ( e.g., 
backward compatible) carrier which may be configured for 
the WTRU. The association may be provided for the WTRU 
( e.g., via RRC signaling) as part of the configuration infor­
mation for the extension carrier. The legacy carrier may be 45 

associated with multiple extension carriers configured for the 
WTRU. The individual extension carrier may be cross-carrier 
scheduled with the associated legacy carrier. For example, as 
in R-10, for a given extension carrier, the CIF (carrier indi­
cator field) in the corresponding PDCCH transmitted on the 50 

associated legacy carrier may be used for supporting cross­
carrier scheduling for the extension carrier. Each extension 
carrier configured for a WTRU may have a unique cell ID 
which may be the same CIF value for the extension carrier. A 
group of extension carriers configured for a WTRU may have 55 

same cell ID. 

PDSCH starting position in extension carrier may be 
described herein. The starting OFDM symbol for the PDSCH 
of a serving cell in the first slot in a subframe may be dynami­
cally varied on a per subframe basis independently for each 
carrier, for example, depending on the number of OFDM 
symbols occupied by the PDCCH region located to the first 
part of each subframe (e.g., in R-10). The start of the PDSCH 
region may be semi-statically configured when using cross­
carrier scheduling. 

PDCCH may not be configured in an extension carrier, so 
that the PDSCH of the extension carrier may be transmitted in 
the carrier from the first OFDM symbol in the first slot in a 
subframe (e.g., in R-11). The PDSCH may be transmitted 
starting from the n-th OFDM symbol where N>l, for 
example, in order to reduce inter-cell interference to an adja­
cent cell where PDCCH is configured in the carrier. 

An extension carrier specific RNTI may be assigned to 
each extension carrier and/or a group of extension carriers. A 
PDCCH for an extension carrier may have CRC bits 
scrambled with extension carrier specific RNTI. The WTRU 
configured with an extension carrier may perform blind 
decoding of PDCCH for the extension carrier using the 
assigned RNTI. 

The WTRU configured with an extension carrier may know 
60 that the starting position for the data region on the extension 

carrier upon which the intended PDSCH is transmitted. 

In order to reduce the complexity of blind decoding of 
PDCCH for an extension carrier, the any combination of the 
following restrictions on cross-carrier scheduling for exten­
sion carriers may be specified. 

The starting OFDM symbol for PDSCH of an extension 
carrier may be the same as that of the associated legacy carrier 
in which PDCCH of the extension carrier is transmitted ( e.g., 

65 cross-carrier scheduled). The WTRU may use the same 
PDSCH starting position for the legacy carrier for the exten-
s10n carrier. 
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The starting OFDM symbol for PDSCH of an extension 
carrier may be signaled in a (e.g., newly defined) PDSCH 
starting position field in the corresponding PDCCH of the 
extension carrier where the PDCCH may be transmitted in an 
associated legacy WTRU. After decoding the PDCCH of an 5 

extension carrier, the WTRU may know the PDSCH starting 
position for the extension carrier. A PDSCH starting position 
field may be defined in PDCCH of an extension carrier. For 
example, the TPC bit field (e.g., with 2 bits) in the R-10 
PDCCH with DCI format 1/1A/2/2A/2B/2C may be replaced 10 

by the PDSCH starting position field. 
The WTRU may use the value indicated in the PCFICH on 

the serving cell carrying the PDSCH. 
A higher-layer configuration parameter may be provided 

( e.g., on a semi-static manner) for the WTRU for the serving 15 

cell upon which PDSCH is received. The higher layer con­
figured parameter value may differ from the value signaled on 
the PCFICH on the cell carrying the PDSCH transmission. 

Any combination of the above procedures may be used for 
the WTRU to know the starting position for the PDSCH 20 

transmission on the extension carrier. 
Carrier segments in MBSFN subframes may be described 

herein.A subset of the DL subframes in a radio frame (e.g., 10 
msec) on a serving cell may be configured as MBSFN sub­
frames by higher layers (e.g., in R-10). Each MBSFN sub- 25 

frame may be divided into a non-MBSFN region and/or an 
MBSFN region. In the MBSFN subframes configured for 
PMCH transmission, a WTRU may not monitor a PDCCH of 
a serving cell (e.g., PCell or SCell) in order to receive PDSCH 
intended for the WTRU. In a MBSFN subframe which is 30 

configured for PMCH transmission, if a WTRU is configured 

42 
simultaneously) in a given MBSFN subframe where PMCH 
is received on the serving cell ( e.g., PCell), while the PDSCH, 
intended for the WTRU, may be transmitted in the carrier 
segments. The CP length used for the carrier segments may 
follow the CP length used for the linked main carrier OFDM 
symbol-by-OFDM symbol. 

As in the MBSFN region of the main carrier, the extended 
CP may be used for the MBSFN region of the carrier seg­
ments and transmission, if any, in the non-MBSFN region of 
the carrier segments may use the same CP as used for sub­
frame 0. In MBSFN subframes, if PDSCH is transmitted in 
carrier segments, the starting OFDM symbol for the PDSCH 
of the carrier segments may be configured and/or signaled to 
WTRU(s) (e.g., via L2/3 signaling). 

In MBSFN subframes, the transmission mode (and/or 
antenna ports) used for carrier segments may be set for each 
WTRU configured for the carrier segments. TM 9 with 
extended CP may be used (e.g., always used) for PDSCH 
transmission in carrier segments. 

In MBSFN subframes not used for PMCH transmission, 
when carrier segments are configured for a serving cell, the 
configuration of the carrier segments, such as frame structure, 
TM, antenna port configuration, and/or CP length, etc, may 
be identical to that of the linked serving cell. For example, 
PDSCH transmission in the non-MBSFN region of the carrier 
segments may use TM 9. The PDSCH in the carrier segments 
may use extended CP. 

FIG. 23 is a diagram illustrating an example of PDSCH 
transmission in carrier segments in the MBSFN subframes. 

PDSCH transmission on extension carrier in MBSFN sub-
frames may be described herein. In the MBSFN subframes 
configured for PMCH transmission, a WTRU may not moni­
tor a PDCCH of a serving cell ( e.g., PCell or SCell) in order 
to receive PDSCH intended for the WTRU ( e.g., in R-10). The 

to use carrier segments for a serving cell ( e.g., PCell and/or 
SCell), the WTRU may transmit ( or be configured to trans­
mit) PDSCH in the carrier segments of the serving cell. For 
example, when PMCH is transmitted on the PCell in a 
MBSFN subframe, the WTRU ( e.g., configured to use carrier 
segments for the PCell) may receive PMCH on the PCell 
and/or PDSCH in the carrier segments of the same PCell in 
the same MBSFN subframe. For example, as shown in FIG. 

35 PDSCH may be transmitted on the extension carrier in a 
MBSFN subframe. 

22. The PDCCH, corresponding to the PDSCH transmitted in 40 

the carrier segments, may be transmitted in the PDCCH 
region (e.g., non-MBSFN region) of the PCell or be cross­
carrier scheduled from another serving cell configured for the 
WTRU. 

In MBSFN subframes ( e.g., except the subframes indicated 
by higher layers to decode PMCH), when a WTRU is config­
ured with a given extension carrier, the WTRU may attempt to 
decode a PDCCH of the extension carrier (with CRC 
scrambled, for example, by the C-RNTI, the EC-RNTI, or 
equivalent RNTI, with a corresponding DCI format intended 
for the WTRU) where the PDCCH may be cross-carrier 
scheduled by a serving cell and/or be transmitted on the 

45 extension carrier. The WTRU, upon detection of a PDCCH of 
the extension carrier, may decode the corresponding PDSCH 
on the extension carrier in the same subframe. 

If a SCell configured for the WTRU has carrier segments 
for the WTRU, then the WTRU may be configured to receive 
PDSCH (e.g., intended for it) within the carrier segments of 
the SCell in a MBSFN subframe. In MBSFN subframes, the 
CP length used in the non-MBSFN region (e.g., PDCCH 
region) may be the same CP length as used for subframe 0. 
The CP length used for the non-MBSFN region of a MBSFN 
subframe may be different from that used for the MBSFN 
region of the same subframe. When carrier segments are 
configured for a serving cell, if the CP lengths for the non­
MBSFN region and MBSFN region, respectively, in a given 55 

MBSFN subframe on the serving cell are different, then the 
first one or two OFDM symbols (e.g., corresponding to the 
non-MBSFN region) in the MBSFN subframe may not be 
used for PDSCH transmission in the carrier segments. The 
OFDM symbols (e.g., all OFDM symbols) (e.g., including 
the non-MBSFN region and, for example, with a different CP 
length than the CP used in the MBSFN region) of the carrier 
segments in the MBSFN subframe may be used for the 
PDSCH transmission for a WTRU configured with the carrier 
segments. 

A WTRU configured with carrier segments of a serving cell 
may be configured to receive both PDSCH and PMCH (e.g., 

The WTRU may be configured for transmission mode 9 ( or 
a new R-11 TM) with a given extension carrier supporting 

50 TM9 (or a new R-11 TM). 
In MBSFN subframe including the subframes indicated by 

higher layers to decode PMCH, when a WTRU is configured 
with a given extension carrier, the WTRU may follow the 
same procedure a described above regarding TM 9. 

In a MBSFN subframe, an extension carrier may support 
(e.g., only support) TM 9 (or a new R-11 TM). 

In MBSFN subframes, including the subframes indicated 
by higher layers to decode PMCH, when a WTRU is config­
ured with a SCell, the WTRU may attempt to decode a 

60 PDCCH of the SCell (with CRC scrambled, for example, by 
the C-RNTI or equivalent RNTI, with a corresponding DCI 
format intended for the WTRU) where the PDCCH may be 
cross-carrier scheduled by a serving cell and/or be transmit­
ted on the SCell. The WTRU, upon detection of a PDCCH of 

65 the SCell, may decode the corresponding PDSCH on the 
SCell in the same subframe. The carrier segments may be 
configured for the concerned SCell. 
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Synchronization for extension carriers/carrier segments 
may be described herein. If PSS/SSS is not transmitted on an 
extension carrier ( or a new Rl 1 carrier), a WTRU configured 
with the extension carrier ( or new Rl 1 carrier) may be used to 
obtain/maintain time and/or frequency synchronization for 5 

the extension carrier without PSS/SSS. The WTRU may 
obtain other information (e.g., cell ID and CP length) for 
initial synchronization. Several considerations for synchro­
nization procedures for the extension carrier may be 
described herein. 10 

Without the PSS/SSS in the extension carrier, the WTRU 

44 
If the extension carrier and the associated serving cell are 

transmitted from different transmission points (e.g., RRH), 
different delay propagation characteristics may result. The 
WTRU may not use the extension carrier timing synchroni­
zation obtained through the associated serving cell. The 
WTRU may acquire the timing synchronization for the exten-
sion carrier using one or more of the followings. 

If the CRS is transmitted on the extension carrier, the 
WTRU may use the CRS as a potential reference for time 
synchronization on the extension carrier. The CRS, which is 
configured/transmitted on the extension carrier, may be a 
configuration different than the RIO CRS. For example, the 
CRS may not be configured to be transmitted every subframe 
on the extension carrier. It may be configured to be transmit-

may receive some synchronization information of the con­
cerned extension carrier using, for example, dedicated con­
figuration signaling ( e.g., RRC signaling) from a legacy serv­
ing cell. The synchronization information may include the 
carrier frequency, the system bandwidth, the cell ID ( e.g., 
parameter physCellid), the CP length of the extension carrier, 
and/or some timing information (e.g., timing offset between 
multiple serving cell transmissions in the DL) among others, 

15 ted every N subframe, where N> 1. 
If other RS (e.g., unprecoded DM-RS or CSI-RS) is con­

figured/transmitted on the extension carrier, the WTRU may 
use the RS (e.g., combined with another RS and/or physical 
channel/signal) as a potential reference for time synchroni-

20 zation on the extension carrier. 
as part of the system information element, system informa­
tion block and/or configuration parameters. If the PBCH is 
transmitted on the extension carrier, some of the synchroni­
zation relevant information (e.g., such as the system band­
width and/or some timing information, among others) may be 25 

carried in the PBCH. The PBCH may include in a higher layer 
message (e.g. RRC message) an indication regarding which 
reference/associated serving cell the WTRU may be based on 
to obtain/maintain the time and/or frequency synchronization 
for the extension carrier. A list of physical signal(s)/ 30 

channel( s) configured/carried in the concerned extension car­
rier ( e.g., including the configuration parameters of the 
respective physical signal/channel, if any) may be provided 
for the WTRU, for example, as part of the system information 
element, system information block, and/or RRC configura- 35 

tion parameters) for the extension carrier. Depending on 
which physical signal(s )/channel(s) relevant to synchroniza­
tion is not transmitted in the extension carrier, the WTRU may 
determine how to acquire synchronization information (and/ 

The WTRU may be provided through higher layer signal­
ing with an aggregated legacy carrier ( e.g., the associated 
PCell or another serving cell/carrier) which the WTRU may 
reuse the time synchronization of the legacy carrier for the 
extension carrier. 

The eNB may transmit either the PSS or the SSS on the 
extension carrier so that the WTRU may use the PSS and/or 
SSS for time synchronization/tracking (e.g., combined with 
other physical channel(s)/signal(s), for example, CRS, DM­
RS and/or CSI-RS, if configured on the extension carrier). 

The WTRU may be provided through higher layer signal­
ing or L1 signaling timing information ( e.g., such as a time 
difference between the extension carrier and the associated or 
reference carrier). 

Higher layer signaling ( e.g., that is broadcasted or that uses 
dedicated configuration signaling from the network) may 
indicate to the WTRU a serving cell which may be used by the 
WTRU as a DL timing reference for the extension carrier. The 
WTRU may align the timing ( e.g., system frame number 

or to drive/maintain synchronization). 
Regarding Cell ID detection, in the case of no PSS/SSS 

transmission on an extension carrier ( or a new Rl 1 carrier), 
the WTRU may be provided with the cell ID of the extension 
carrier through RRC signaling from the associated legacy 
serving cell. 

40 and/or subframe starting time) of the extension carrier with 
that of the indicated serving cell. 

Via higher layer signaling (e.g., RRC signaling), a timing 
offset parameter (e.g., in terms of a time unit, Ts) may be 
indicated to the WTRU with and/or a reference/associated 

Regarding CP length detection, the WTRU may be pro­
vided with the CP length of the extension carrier through 
RRC signaling from the associated legacy serving cell ( e.g., 
similar to cell ID detection). 

45 serving cell (e.g., PCell or SCell) serving as a timing refer­
ence such that the WTRU may determine the timing of the 
reference serving cell. The WTRU may derive the timing of 
the extension carrier based on the timing of the reference 

Regarding time synchronization ( e.g., symbol and frame 50 

synchronization), when the WTRU is configured with an 
extension carrier and the associated serving cell ( e.g., the 
PCell), both of which may be transmitted from the same site 
and may be accurately synchronized in time, the WTRU may 
use the extension carrier time synchronization obtained 55 

through the associated serving cell. For example, the WTRU 
may accomplish initial time synchronization of the extension 
carrier based on the time synchronization of the associated 
serving cell, which may be done based on the PSS/SSS and 
CRS signals on the associated serving cell. Some inter-band 60 

aggregated carriers ( e.g., those transmitted from the same 
site) may apply the same principle. As a function of the 
propagation characteristics of the aggregation carriers, which 
may be dependent (e.g., mainly dependent) on the deploy­
ment layer/scenario, the resulting burden onto the WTRU 65 

receiver design to cope with Rx window uncertainties may 
become cumbersome. 

serving cell and/or the configured/signaled timing offset 
parameter. 

A reference signal or signals ( e.g., CRS, un-precoded DM­
RS, and/or CSI-RS) transmitted on the extension carrier may 
be used by the WTRU for tracking ( or assisting) timing syn­
chronization ( e.g., aligning the subframe starting time) for the 
extension carrier. The CRS may be configured similarly to the 
legacy CS I-RS ( e.g., in terms of subframe configuration and/ 
or zero power bitmap). For the un-precoded DM-RS, the 
precode may be obtained through signaling. 

Any one or a combination of the above procedures for time 
synchronization with the extension carrier may be imple­
mented. 

Regarding frequency synchronization, when the WTRU is 
configured with an extension carrier and the associated serv­
ing cell/carrier, both of which may be transmitted from the 
same site and accurately synchronized in frequency/time, the 
WTRU may use the extension carrier frequency synchroni-
zation obtained through the associated serving cell. For 
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example, the WTRU may accomplish frequency synchroni­
zation (e.g., including initial frequency synchronization) of 
the extension carrier based on the frequency synchronization 

46 
by any WTRU motion, the WTRU may adjust/refine fre­
quency ( and/or time) synchronization using one ( or a combi­
nation) of the followings: 

of the associated serving cell ( e.g., which may be done based 
on the PSS/SSS and CRS signals on the associated serving 
cell). As the aggregated carriers may be co-located, the 
changes in frequency, for example, due to Doppler may be the 
same on both the carriers. Depending on the RF Rx imple­
mentation in the WTRU, for example, the intra-band aggre-

Frequency offsets may arise from factors such as, but not 
5 limited to, temperature drift, ageing, and imperfect calibra­

tion. An equation for Doppler shift may be as follows: 

gation scenarios may qualify for this operating principle. 10 

If the extension carrier and the associated serving cell/ 
carrier are transmitted from different transmission points 
(e.g., RRH), then different delay Doppler profiles on the 
extension carrier and associated serving cell/carrier may 

15 
occur. The WTRU may not use the extension carrier fre­
quency synchronization obtained through the associated 
serving cell. The WTRU may acquire/maintain the frequency 
synchronization for the extension carrier using one ( or a 
combination) of the followings. 20 

The WTRU may acquire the carrier/center frequency of the 
extension carrier from the associated ( e.g., reference) serving 
cell (or an aggregated carrier) where the carrier frequency 
may be provided for the WTRU, for example, as part of the 
system information element, system information block, and/ 25 

or RRC configuration parameters for the extension carrier. 
The WTRU may track/maintain frequency synchroniza­

tion using a reference signal ( e.g., the WTRU-specific RS, the 
un-precoded DM-RS, CRS, and/or CSI-RS) configured/ 
transmitted on the extension carrier. The CRS may be con- 30 

figured similarly to the legacy CSI-RS, e.g., in terms of sub­
frame configuration and/or zero power bitmap. 

fd~(fc vie) 

where fc may be the carrier frequency, v may be the WTRU 
speed in meters per second, and c may be the speed of light 
(3xl08 mis). Iffc is 2 GHz and vis 500km/h, then the Doppler 
shift fd may be 950 Hz. 

The WTRU may track/maintain frequency synchroniza­
tion, for example, based on the frequency synchronization 
correction result of the associated (e.g., reference) serving 
cell and the carrier frequency difference between the exten­
sion carrier and the associated serving cell. For example, the 
carrier frequency offset estimate of the extension carrier may 
be given by: 

fc,cffe•t,•rt•1uio11Carri•r =a -J"c,ofi•t,,•rvi11gC•ll+ 

13 *g(fc_u«n.ionCa~i•r -Jc ~mingc,11) 

where fc.offeet.extensionCarrier may be the frequency offset esti­
mate of the extension carrier, fc.offeet.servingCell may be the 
frequency offset estimate of the associated serving cell, 
fc extension Carrier may be the center frequency of the extension 
ca"rrier, fc.servingCell may be the center frequency of the asso­
ciated serving cell, a and ~ may represent weighting coeffi­
cients/factors, O<=a, ~<=1, and g(•) may represents a func­
tion of the carrier frequency difference between the extension 
carrier and the associated serving cell. 

PSS and/or SSS may be configured/transmitted on an 
extension carrier. For time and/or frequency synchronization 
on the extension carrier, the WTRU may use one or a combi­
nation of the implementations described herein ( e.g., 
described with regard to when PSS and SSS are not config-
ured on the extension carrier). 

If the CRS is configured/transmitted on the extension car­
rier, the WTRU may use the CRS as a potential reference for 
frequency synchronization on the extension carrier. In this 35 

case, the CRS, which may be configured/transmitted on the 
extension carrier, may be a configuration different from the 
RIO CRS. For example, the CRS may not be transmitted 
every subframe on the extension carrier. It may be configured 
for transmission every N subframe, where N> 1. 

Ifother RS (e.g., unprecoded DM-RS or CSI-RS) is con­
figured/transmitted on the extension carrier, the WTRU may 
use the RS (e.g., alone or combined with another RS or 
physical channel/signal) as a reference for frequency syn­
chronization on the extension carrier. For the un-precoded 45 

DM-RS, the precode may be obtained through signaling. For 
example, if the CRS (or the CSI-RS) is transmitted on the 
extension carrier, then the WTRU may utilize the CRS ( or the 
CSI-RS) to conduct (or assist) frequency synchronization for 
the extension carrier. 

The WTRU may use one or a combination of PSS and/or 
SSS and CRS (or CSI-RS) transmission on the extension 

40 carrier, which may be configured with less frequencies and/or 
configured differently ( e.g., in terms of time and frequency 
grid/domain). 

The WTRU may be provided (e.g., through higher layer 
signaling) with an aggregated legacy carrier ( e.g., the associ­
ated PCell or another serving cell/carrier), which the WTRU 
may reuse, the frequency synchronization of the legacy car­
rier for the extension carrier. 

The eNB may transmit the PSS or the SSS on the extension 
carrier such that the WTRU may use it for frequency synchro­
nization/tracking ( e.g., alone or combined with other physical 
channel(s)/signal(s) (e.g., CRS, DM-RS and/or CSI-RS, if 
configured on the extension carrier). 

The WTRU may be provided through ( e.g., higher layer 
signaling or L 1 signaling) with frequency information such as 
frequency difference between the extension carrier and the 
associated ( or reference) carrier. 

When PSS and/or SSS is transmitted on an extension car­
rier (for example, for the case that the aggregated carriers are 
not co-located), the WTRU may obtain initial time and fre­
quency synchronization from the PSS and/or SSS transmitted 
on the extension carrier, while updates/maintenance of its 
time and frequency reference may be obtained from the 
scheduled CRS, CSI-RS, and/or un-precoded DMRS. The 

50 scheduled CRS may be configured similarly to the legacy 
CS I-RS in terms of subframe configurations and/or the zero 
power bitmap. Fortheun-precodedDM-RS, the precode may 
be obtained through signaling. The PSS and/or SSS signals 
may be configured with longer periods compared to the 

55 legacy period of 5 ms to mitigate interference and save 

60 

energy. 
Within some RBs, resource elements ( e.g., additional 

resource elements) may be used ( or reserved) for the trans­
mission of RS ( or synchronization signals). 

For example, to reduce or eliminate the effect of frequency 65 

errors arising from a mismatch of the local oscillators 
between the Tx and the Rx, as well as Doppler shifting caused 

Regarding Radio Link Failure (RLF)/Radio Link Monitor 
(RLM) for extension carriers, the WTRU may monitor the 
radio link quality of the extension carrier, for example, using 
a reference signal or signals ( e.g., CRS, DM-RS, and/or CS I­
RS, if available). During a certain period ( e.g., configured by 
the network), the WTRU may assess radio link quality of the 
extension carrier ( e.g., evaluated against one or more thresh­
olds configured by higher layers). Higher layer signaling may 
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indicate to the WTRU a set of subframes. The WTRU may not 
include these subframes in the set of subframe monitored for 
radio link for the extension carrier. 

A WTRU ( e.g., legacy) may be prevented from acquiring a 
carrierofa New Carrier Type (NCT). NCTs may be supported 5 

for CA where a carrier of the NCT may be linked ( e.g., 
associated) with a legacy carrier ( e.g., a PCell) ( e.g., in Rl 1 ). 
The carrier of the NCT may be non-backward compatible and 
may not be stand-alone. For example, the carrier may not be 
configured as a PCell for a WTRU ( e.g., any WTRU including 10 

RS to RIO UEs and, for example, even Rl 1 UEs) and the 
carrier may be (e.g., may always be) configured/aggregated 
with the associated legacy carrier. For a NCT and, for 
example, a non-synchronized new carrier, PSS/SSS 
sequences (e.g. RS) may be transmitted. A legacy WTRU 15 

(e.g., RS WTRU) may detect the PSS/SSS of the NCT, which 
may be undesirable as a WTRU ( e.g., RS WTRU) may camp 
on the non-backward compatible carrier. 

If a WTRU ( e.g., RS WTRU) acquires synchronization to a 
NCT (e.g., by detecting the PSS/SS of the NCT), the WTRU 20 

( e.g., RS WTRU) may attempt to decode the system informa­
tion of the (non-backward compatible) carrier as part of the 
cell synchronization/access procedure. This behavior ( of cell 
synchronization to the NCT carrier) may be unnecessary by 
the WTRU (e.g., RS WTRU) and/or may cause the WTRU 25 

(e.g., RS WTRU), for example, to increase its power con­
sumption and/or delay the overall cell search process. 

Implementations may prevent a WTRU ( e.g., a RS WTRU) 
from accessing a carrier of the NCT. 

The existing PSS/SSS sequences may be kept unchanged 30 

and may modify a time-domain and/or a frequency-domain 
position of the PSS/SSS of a NCT ( e.g., the new time/fre­
quency domain configuration of PSS/SSS). 

The time-domain position of PSS and/or SSS of a NCT 
may be modified. For example, the OFDM symbol locations 35 

of PSS/SSS may be swapped such that in the case ofFDD, the 
PSS may be transmitted in the rd to last OFDM symbol of the 
first slot of(forexample, subframes O and5) and the SSS may 
be transmitted in the last OFDM symbol of the same slot ( e.g., 
after the PSS (for example, just after the PSS)). In the case of 40 

TDD, the PSS may be transmitted in the last OFDM symbol 
in, for example, slot 1 and 11 and the SSS may be transmitted 
in the 3rd OFDM symbol in, for example, subframes 1 and 6. 

The time location of either SSS or PSS may be modified ( or 
configured), while keeping the time-domain position of the 45 

either PSS or the SSS unchanged. For example, the SSS may 
be transmitted in the N-th OFDM symbol after (or prior to) 
the PSS transmission, while excluding the legacy SSS posi­
tion, e.g., the 2nd to last OFDM symbol of the first slot of 
subframes O and 5 for FDD. N may be fixed or configured via 50 

high layer signaling of the linked/associated legacy carrier. If 
a legacy WTRU detects and/or identifies the PSS of a NCT (so 
that it may determine the cell ID within the cell ID group), the 
legacy WTRU may not determine the cell ID group itself 
(e.g., due to failure of the SSS detection, as the SSS position 55 

relative to the PSS may be changed). 
The frequency location of the PSS and/or the SSS ofa NCT 

may be modified. 
RS may allow a 100 kHz raster for placing the LTE channel 

within the operator owned bandwidth. A WTRU may scan 60 

carrier frequencies with a 100 KHz interval during an initial 
cell search. The minimum carrier spacing with contiguously 
aggregated component carriers may use 300 KHz to preserve 
the orthogonality for the subcarrier spacing of 15 KHz in the 
DL transmission(e.g., theleastcommonmultipleof[15, 100] 65 

KHz) (e.g., for LTE carrier aggregation). The center fre­
quency position of the PSS/SSS may be offset from the center 

48 
frequency of a NCT transmission bandwidth, for example, 
such that fss.Ncr=fc.Ncr+f0 ffeet where fc.NCTmay be the center 
frequency of the NCT transmission bandwidth (e.g., 
tNcr=fc+k*300 KHz where fc may be the lowest frequency 
in the operator owned band and k is an integer value) and/ or 
the offset for the PSS/SSS may be foffeet= 15 KHz*c<300 KHz 
where c is an integer value. For example, the offset value may 
be a multiple of subcarrier spacing of 15 KHz and less than 
300 KHz, e.g., foffeetE {15, 30, 45, 60, ... , 285}. The center 
frequency position of the PSS/SSS (=f,s.Ncr) may not be in 
the multiple integer raster (100 KHz) such that the legacy 
WTRU may not be able to detect the PSS/SSS for the NCT. 
The offset value may be fixed and/or configured via high layer 
signaling of the linked/associated legacy carrier. 

The existing PSS/SSS mapping to time and/or frequency 
domain may be kept unchanged and/or may define a new PSS 
and/or SSS sequences for a new carrier type. For example, a 
l st part and a rd part of the PSS sequence may be swapped 
and/or reverse order of sequence n as set forth below: 

Swap 1st part and 2nd part of the PSS, for example, as set 
forth in: 

n = 31, 32, ... , 61 

n=0,1, ... ,30 

Reverse order of PSS sequence, for example, as set forth in: 

n = 0, 1, ... , 30 

n = 31, 32, ... , 61 

Swap 1st part and rd part of the PSS sequence and reverse 
order of PSS sequence, for example, as set forth in: 

n = 31, 32, ... , 61 

n = 0, 1, ... , 31 

It may be determined or checked whether the above modi­
fication has the same correlation property (and/or a similar 
correlation property (e.g., above a threshold level), as the 
legacy PSS sequence]. 

ZC sequences may be used for the PSS that may be modi­
fied, for example, by using a different set of root index u for 
NID(2)_ 

A different set of two length-31 binary maximal length 
sequences for SSSl in subframe O and SSS2 in subframe 5 
may be used. The design of two new m-sequences for NCT 
SSS may provide the same or similar performance to that of 
RS. 

An overlay of code may be implemented on the PSS ( e.g., 
applying a scrambling sequence on the PSS). For example, 
the PSS sequence may be overlaid with an overlay code 
o(n)=[l, -1, 1, -1, ... , 1, -1] forn=0, 1, 2, ... , 61 such that 
a polarity of odd numbered PSS sequence ( e.g., all odd num­
bered PSS sequence) is reversed. The cross-correlation prop­
erty of the ZC sequence may be checked with the overlay 
code. 

The overlay code with a low correlation value may be 
obtained (for example, through computer search). The over-
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lay code may be fixed or configured via high layer signaling 
of the linked/associated legacy carrier. 

No change may be made in the existing PSS/SSS sequence 
and/or resource mapping. A legacy WTRU may be made to 
fail to acquire the MIB and/or the SIB. 

A CRS design may be implemented, which is different 
from the following RS design. In RS, the reference-signal 
sequence rz.n,(m) may be defined by 

1 1 
r,.n,(m) = ,f/l -2-c(2m)) + j ,f/l -2-c(2m+ 1)), 

m = 0, 1, ... , 2N'f/'ff'•DL -1 

50 
A legacy WTRU may be prevented from accessing the cell, 

for example, by causing the legacy WTRU to fail to properly 
decode and read an IE ( e.g., a mandatory IE), and may discard 
the MIB. For example, the NCT cell may or may not broad-

5 cast its MIB with an invalid value for systemFrameNumber 
IE and may or may not include the proper SFN in the spare IE 
of the MIB. A Rl 1 + WTRU may be configured to read and 
decode ( e.g., properly read and decode) the SFN of the MIB 
from the NCT cell whereas a legacy WTRU may not be able 

10 to properly decode the SFN and may discard the MIB. 
The MIB and/or SIB 1 information may be used to prevent 

the legacy WTRU from camping on the NCT cell, as a suit­
able cell for normal operation ( e.g., which may be an alter­
native to causing a failure to the MIB/SIBl read procedure). 

15 For example, the legacy WTRU may continue its search for a 
suitable cell by having the NCT cell fail to meet the criteria of 
a suitable cell. 

where ns may be the slot number within a radio frame and 1 
may be the OFDM symbol number within the slot. The 
pseudo-random sequence generator may be initialized with 
c,n,,=210·(7 ·(ns+ 1 )+l+ 1 )·(2·Nmcell+ 1 )+2·Nmcell+Ncp at the 20 

start of each OFDM symbol, where 

The network may allocate a special CSG ID (e.g., exclu­
sively for R12 UEs) which may operate normally on the NCT. 
In SIB 1 ofNCT, the CSG indication may be set to TRUE and 
the CSG ID may be set, as the Rl 2 specifically allocated CSG 

{ 
1 for normal CP 

Nep= 0 
for extended CP. 

For Example, a CRS design may be implemented for NCT 
that may modify the initialization of the pseudo-random 
sequence generator such that 

c;n;,.NcT = 210 
· (7 · (n, + 1) +I+ l) · (2· N1J/1 + 1) + 2-N1J/1 + Nep + NNcT 

where NNcT = { 
1 for NCT 

0 for legacy carrier. 

The NNcrmay be configured, for example, via high layer 
signaling of the linked/associated legacy carrier. 

The new CRS may be overlaid with a scrambling code, 
which may be unique for the NCT. The overlay code may be 
fixed or configured via high layer signaling of the linked/ 
associated legacy carrier. 

The PBCH may be removed ( e.g., completely removed) 
and/or the MIB for NCT may be obtained ( e.g., via high layer 
signaling of the linked/associated legacy carrier). If there is 
no PBCH for NCT, the legacy WTRU may not be able to 
detect the PBCH for NCT. 

Different time/frequency location (e.g., duty cycles, loca­
tion of subframes and/or OFDM symbols) of PBCH for the 
NCT may be configured from corresponding ones for the 
legacy carrier. Since the PBCH location for NCT may be 
changed relative to PSS/SSS location, the legacy WTRU may 
not be able to detect PBCH for the NCT. 

A different SI-RNTI may be allocated for NCT accessible 
UEs from the SI-RNTI value OxFFFF allocated for legacy 
UEs. The value may be taken from the RNTI values that are 
reserved ( e.g., for future use). The legacy UEs may not be able 
to find the SIB 1 and/or associated system information for the 
NCT that may be mapped to PDCCH/PDSCH. 

A legacy WTRU may be prevented from reading the SIB 1 
from the NCT cell that may not have the PDCCH configured. 
The legacy WTRU may be unable to decode the PDCCH with 
the SI-RNTI and may be unable to retrieve the SIB!. Rl 1+ 
UEs may be able to retrieve the SIB! based on SI-RNTI 
transmitted via E-PDCCH and/or provided with SIB! related 
information via dedicated signaling. 

25 

ID. Upon reading the SIB! with the CSG information, a 
legacy WTRU, not having the CSG ID on its CSG whitelist, 
may not select this NCT as a suitable cell. 

The network/operator of the NCT may allocate (e.g., pos-
sibly allocate) a separate PLMN ID for the network of the 
NCT cells. As part of deployment of the NCT cells, the 
operator may choose to allocate a different PLMN ID than the 
PLMN ID allocated to the legacy network. This NCT network 

30 PLMN ID may be allocated as an equivalent PLMN to the 
NCT supporting the UEs and not to the legacy UEs. The 
legacy WTRU, upon PLMN and cell selection, may remove 
NCT cells as a candidate for a suitable cell to camp on. 

TAI and/or use of "forbidden tracking area for roaming" 
35 may be implemented. For example, the NCT may be allocated 

with and broadcast its Tracking Area Code (TAC) in the SIB 1 
that may be different and/or separate from backward compat­
ible cells to which legacy UEs are allowed to attach. The 
legacy UEs may be provided, for example, as part of its 

40 subscription data, a list of tracking areas that may restrict 
access to the tracking area which includes the NCT cells. A 
group ofNCTs in a PLMN (e.g., a particular PLMN) may 
belong to one or more of these Rll+ specific tracking areas. 

A legacy WTRU may be prevented to access a NCT cell by 
45 setting cel!Barred IE in the SIB! as "barred", which may 

make the cell unsuitable for normal service for the legacy 
WTRU. For Rl 1 + UEs, separate information may indicate 
whether a cell is barred or not to R12 may be included in the 
NCT cell system information. This information may be an 

50 option, and in certain instances the information may not be 
present. A Rl 1 + WTRU may use the legacy cel!Barred infor­
mation in the SIB 1. 

A legacy WTRU may be prevented from re-selecting to a 
NCT cell based, for example, on IDLE mode measurement 

55 "blacklist". The WTRU may be provided with a blacklist of 
intra-frequency and inter-frequency cells by a serving cell via 
the SIB 4 and the SIB 5, respectively. For a legacy WTRU, the 
blacklist may be a list of PC Is of the NCT cells, which may be 
excluded by the legacy WTRU, as candidate cells for mea-

60 surement and for cell reselection. The legacy may be able to 
detect the NCT cell and may determine its PCI before apply­
ing it to the blacklist. NCT cells may not be included in the 
neighbor cell list as broadcasted in the SIB4/5 and read by the 
legacy WTRU in a serving cell. For NCT supporting WTRU 

65 (Rll+ WTRU), the blacklist and IDLE mode measurement 
configuration may be sent separately ( e.g., in separate system 
information or set of such information) broadcasted by the 
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possibility may be to specify means for a WTRU to use 
extensions, such as carrier segments, allowing transmissions 
in an extended range of the PRBs. Extension carriers may 
additionally be used to increase spectral efficiency of aggre-

serving cell that may be readable by (e.g., only readable by) 
the NCT supporting UEs. The Rl 1 + blacklist may not com­
prise NCT cell PCis. In case the Rl 1 + WTRU does not detect 
the new SIB information, the information in the legacy sys­
tem information for IDLE mode measurements may be 
applied. For example, the blacklist for Rl 1 + UEs may be 
updated along with dedicated re-selection priority informa­
tion ( e.g., via a RRC Connection Release message which may 
be received when the WTRU moves to IDLE mode. 

5 gated resources. 
The methods described herein may be useful in enabling a 

WTRU to use carrier segments and/or extension carriers, for 
example in deployment scenarios such as that explained 
above. 

The processes described above may be implemented in a 
computer program, software, and/ or firmware incorporated in 
a computer-readable medium for execution by a computer 
and/or processor. Examples of computer-readable media 
include, but are not limited to, electronic signals (transmitted 

DL power allocation for extension carriers may be 10 

described herein. For example, if CRS is not transmitted on an 
extension carrier, the ratio of PDSCH EPRE ( effective power 
per RE) to CRS EPRE among PDSCH REs may not be 
defined for the extension carrier. It may adversely affect the 
PDSCH decoding operation by a WTRU on the extension 
carrier. There may be a signaling mechanism to indicate a DL 
power allocation on extension carriers. 

15 over wired and/or wireless connections) and/or computer­
readable storage media. Examples of computer-readable stor­
age media include, but are not limited to, a read only memory 
(ROM), a random access memory (RAM), a register, cache 
memory, semiconductor memory devices, magnetic media 

Certain ratios (e.g., of PDSCH EPRE to CSI-RS EPRE 
and/or PDSCH EPRE to DM-RS) (WTRU-specific RS) 
EPRE may be signaled. 

The eNB may set the power of extension carriers relative to 
the transmit power of CRS corresponding to an associated BC 
CC where the relative power (e.g., ratio) may be WTRU 
specific and/or signaled from the eNB. 

20 such as, but not limited to, internal hard disks and removable 
disks, magneto-optical media, and/or optical media such as 
CD-ROM disks, and/or digital versatile disks (DVDs). A 
processor in association with software may be used to imple­
ment a radio frequency transceiver for use in a WTRU, 

PUSCH transmission in carrier segments may be described 
herein. To improve spectral efficiency in UL ( e.g., in sce­
narios involving BW extension by narrow BWs), for 
example, carrier segments for UL may be applied where one 

25 WTRU, terminal, base station, RNC, and/or any host com­
puter. 

or more of the following characteristics may be implemented. 
For SRS transmissions, the WTRU may not transmit peri- 30 

odic SRS in carrier segments, but may be allowing aperiodic 
SRS transmissions. The sounding procedure for carrier seg­
ments may follow the same procedure as that ofR-10 sound­
ing procedure for the associated BC CC with the extended 
BW of carrier segments. 35 

For guardband transmission, if the carrier segments are 
added into PCell where PUCCH is transmitted, one or more 
guard band( s) may be inserted between the carrier segment( s) 
and the PCell. The guard band(s) may be a multiple of300 
KHz. 40 

For the maximum number of clusters for PUSCH, the 
maximum number of clusters for PUSCH may be 2 ( e.g., in 
R-10). If carrier segments are used in the UL for PUSCH 
(e.g., using non-contiguous resource allocation), the maxi­
mum number of clusters for the PUSCH may be increased 45 

(e.g., in R-11 and beyond). 
For PUCCH transmission, carrier segments may be used 

for a PUCCH resource region. The PUCCH may not be trans­
mitted in the carrier segments. 

For UCI multiplexing in carrier segments, when UCI is 50 

multiplexing on PUSCH, UCI may be transmitted ( e.g., only 
transmitted) in the BC CC and not in any carrier segment ( for 
example, when there is no CRS transmission in carrier seg­
ments). 

For Power control for carrier segments, the same power 55 

may be established for the carrier segments and the linked BC 
CC, and 

Carrier segments in the UL may use Ll signaling and/or 
L2/3 signaling. 

LTE systems support scalable transmission bandwidths, 60 

one ofl .4, 2.5, 5, 10, 15 or 20 MHz with 6, 15, 25, 50, 75, 100 
resource blocks respectively. Network operators may have 
access to spectrum allocations that do not exactly match one 
of the set of bandwidth sizes supported, for example when 
re-farming spectrum previously allocated to a different wire- 65 

less technology. It is contemplated that within the specifica­
tions, addition bandwidth sizes may be supported. Another 

What is claimed is: 
1. A method of resource allocation associated with a shared 

frequency band, the method comprising: 
receiving, by a wireless transmit/receive unit (WTRU), 

resource allocation information associated with a com­
ponent carrier and at least one carrier segment, the com­
ponent carrier and the least one carrier segment com­
prising a plurality of resource block groups (RBG), 
wherein a size of a resource block group (RBG) of the 
component carrier and the at least one carrier segment is 
based on a combined number of resource blocks (RB) of 
the component carrier and the at least one carrier seg­
ment divided by a number of RBGs of the component 
carrier as determined by 3GPP Rel-10 rounded up to a 
next highest whole number; 

determining at least one RBG allocated to the WTRU using 
the resource allocation information; and 

receiving and decoding the at least one RBG allocated to 
theWTRU. 

2. The method of claim 1, wherein the number of 3GPP 
Rel-10 RBGs of the component carrier is determined by 
dividing a system bandwidth of the component carrier by a 
3GPP Rel-10 RBG size and rounding up to a next highest 
whole number. 

3. The method of claim 1, wherein a number of bits asso­
ciated with a resource allocation for the component carrier 
and the at least one carrier segment for the WTRU is the same 
size as a number of bits associated with a resource allocation 
for the component carrier without the at least one carrier 
segment for a 3GPP Rel-10 WTRU. 

4. The method of claim 1, further comprising: 
receiving a bitmap; and 
interpreting the bitmap according to one or more of the 

plurality ofRBGs. 
5. A WTRU comprising: 
a processor configured to: 

receive resource allocation information associated with 
a component carrier and at least one carrier segment, 
the component carrier and the least one carrier seg­
ment comprising a plurality of resource block groups 
(RBG), wherein a size of a resource block group 
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(RBG) of the component carrier and the at least one 
carrier segment is based on a combined number of 
resource blocks (RB) of the component carrier and the 
at least one carrier segment divided by a number of 
RBGs of the component carrier as determined by 5 

3GPP Rel-10 rounded up to a next highest whole 
number; 

determine at least one RBG allocated to the WTRU 
using the resource allocation information; and 

receive and decode the at least one RBG allocated to the 10 

WTRU. 
6. The WTRU of claim 5, wherein the number of 3GPP 

Rel-10 RBGs of the component carrier is determined by 
dividing a system bandwidth of the component carrier by a 
3GPP Rel-10 RBG size and rounding up to a next highest 15 

whole number. 
7. The WTRU of claim 5, wherein a number of bits asso­

ciated with a resource allocation for the component carrier 
and the at least one carrier segment for the WTRU is the same 
size as a number of bits associated with a resource allocation 20 

for the component carrier without the at least one carrier 
segment for a 3GPP Rel-10 WTRU. 

8. The WTRU of claim 5, wherein the processor is further 
configured to: 

receive a bitmap; and 25 

interpret the bitmap according to one or more of the plu­
rality of RBGs. 

* * * * * 

54 
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