US 20120008600A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2012/0008600 A1

Marinier et al.

43) Pub. Date: Jan. 12, 2012

(54)

(735)

(73)

@
(22)

(60)

MAINTAINING TIME ALIGNMENT WITH
MULTIPLE UPLINK CARRIERS

Publication Classification

(51) Int.CL

Inventors: Paul Marinier, Brossard (CA); Ho4Ww 72/04 (2009.01)
Bhaskar M. Anepu, Lancaster’ PA (52) US.Cle e, 370/336
(US); Ghyslain Pelletier, Laval
(CA); Robert L. Olesen, (57) ABSTRACT

Huntington, NY (US)

Assignee: INTERDIGITAL PATENT
HOLDINGS, INC., Wilmington,
DE (US)

Appl. No.: 12/986,549

Filed: Jan. 7, 2011

Related U.S. Application Data

Maintaining time alignment with multiple carriers is contem-
plated. A group of uplink carriers (UL CC sets) that operate
with a single Timing Advance (TA) may be determined, and a
TA value may be applied to a specific UL CC set. A wireless
transmit/receive unit’s (WTRU) capability of using multiple
TAs may define a group index of a few bits for each UL CC
set. A TA Command received in a Random Access Response
message may be used to apply the TA valueto each UL carrier
of'the UL CC set. The WTRU may determine which UL CC
set the TA value applies to based on which DL carrier the
command was transmitted from. The WTRU may determine

Provisional application No. 61/293,271, filed on Jan. which UL CC set the TA value applies to based on the Group
8, 2010, provisional application No. 61/320,449, filed Index being explicitly provided in the command. The WTRU
on Apr. 2, 2010, provisional application No. 61/323, may release multi-CC configurations upon Time Alignment

680, filed on Apr. 13, 2010.

Timer (TAT) expiry.

identify one or more uplink carriers with which the WTRU is
capable of operating

determine one or more uplink component carrier sets (UL CC sets),
each of the UL CC sets comprising one or more of the uplink
carriers and each of the one or more uplink carriers that comprise a
respeetive UL CC set being capable of operating with the same

Timing Advance {TA)

select at least one UL CC set

identify at least one of the one or more uplink carriers that are
capable of random access channel (RACH) communication for the
selected at least one UL CC set

initiate a RACH communicaiion on at least one of the identified one
or more uplink carriers for the selected at least one UL CC set

receive a TA value in response to the RACH communication

apply the TA value to each of the one or more uplink carriers that
comprise the selected at feast one UL CC set

either start a Time Alignment Timer (TAT) associated with the
sclected at least one UL CC set or restart the TAT
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202

identify one or more uplink carriers with which the WTRU is
capable of operating

determine one or more uplink component carrier sets (UL CC sets),
204 each of the UL CC sets comprising one or more of the uplink
| carriers and each of the one or more uplink carriers that comprise a
respective UL CC set being capable of operating with the same
Timing Advance (TA)

206
‘ select at least one UL CC set
208 identify at least one of the one or more uplink carriers that are
.| capable of random access channel (RACH) communication for the
selected at least one UL CC set
210 | initiate a RACH communication on at least one of the identified one
or more uplink carriers for the selected at least one UL CC set
212
receive a TA value in response to the RACH communication
214 - ;
| apply the TA value to each of the one or more uplink carriers that
comprise the selected at least one UL CC set
216 either start a Time Alignment Timer (TAT) associated with the
selected at least one UL CC set or restart the TAT

FIG. 2
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302

receive a signal via a downlink carrier, the signal including a TA
value

304 ; = N : -
| identify at least one of the one or more uplink carriers that may be

paired with the downlink carrier

306 identify at least one of the one or more UL CC sets that correspond
| to the at Ieast one of the onc or more uplink carriers that are paired
with the downlink carrier

308

apply the TA value to cach of the one or more uplink carricrs that
comprise the identified at least one of the one or more UL CC sets

FIG. 3
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402 . ) : - ; ; : :
| receive a signal via a downlink carrier, the signal including a TA
value
404 identify a frequency band corresponding to the downlink carrier and
.| identify at least one of the one or more UL CC sets whose respective
frequency band corresponds to the frequency band of the downlink
carrier
406 ] . .
| apply the TA value to each of the one or more uplink carriers that
comprise the identified at least one of the one or more UL CC sets
502 oy -
7 1 [cease transmitting on a resource corresponding to a PUCCH upon an
expiration of the TAT
504 - P - -
remove at least a part of the PUCCH configuration upon an
expiration of the TAT
506 - :
.| remove one or more RACH resources from the configuration of the
selected at least one UL CC set upon an expiration of the TAT

FIG. 5
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identify onc or more uplink carriers with which the ¢NodeB (or the
wireless network) is capable of operating

determine one or more indices, each of the one or more indices
corresponding respectively to one or more uplink component carrier
604 sets (UL CC sets), each of the UL CC sets comprising one or more
of the uplink carriers, each of the one or more uplink carriers that
comprise a respective UL CC set being capable of operating with the
same Timing Advance (TA)

/
/

606
transmit the one or more indices
608 receive a RACH communication on at least one of the one or more
| uplink carriers that comprise at least one of the one or more UL CC
sets
610
) transmit a TA value in response to the RACH communication
612 transmit a signal, the signal including a TA value and an indicator,

| the indicator indicating at least one of the one or morc UL CC sets to
which the TA value is applicable

FIG. 6
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MAINTAINING TIME ALIGNMENT WITH
MULTIPLE UPLINK CARRIERS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/293,271, filed Jan. 8, 2010, titled
“METHOD OF MAINTAINING TIME ALIGNMENT
WITH MULTIPLE UPLINK CARRIERS”, U.S. Provisional
Application No. 61/320,449, filed Apr. 2, 2010, titled
“METHOD AND APPARATUS FOR MAINTAINING
TIME ALIGNMENT WITH MULTIPLE UPLINK CARRI-
ERS”, and U.S. Provisional Application No. 61/323,680,
filed Apr. 13, 2010, titled “METHOD AND APPARATUS
FOR MAINTAINING TIME ALIGNMENT WITH MUL-
TIPLE UPLINK CARRIERS”, the contents of all three appli-
cations are hereby incorporated by reference herein in their
respective entirety, for all purposes.

BACKGROUND

[0002] In wireless communication systems, such as in an
Long Term Evolution (LTE) wireless system, the network
may configure the wireless transmit/receive unit (WTRU)
with uplink (UL) and downlink (DL) resources on a single
uplink (UL) and single downlink (DL) carrier respectively. In
order to utilize these resources, the WITRU may be expected
to be in sync with the network on these carriers.

[0003] Resources may need to be consumed to determine
the synchronization and alignment status between the WTRU
and the network via the single UL/DL carrier. More resources
may be necessary to determine synchronization and align-
ment between the WTRU and the network where multiple
uplink carriers may be available to the WTRU.

SUMMARY

[0004] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter. Furthermore, the
claimed subject matter is not limited to limitations that solve
any or all disadvantages noted in any part of this disclosure.
[0005] Disclosed herein are ways for maintaining time
alignment with multiple carriers. A group of uplink carriers
(UL CC sets) that operate with a single Timing Advance (TA)
are determined, and a TA value may be applied to a specific
UL CC set. A wireless transmit/receive unit’s (WTRU’s)
capability of using multiple TAs may define a group index of
a few bits for each UL CC set. A TA Command received in a
Random Access Response message may be used to apply the
TA value to each UL carrier of the UL CC set. The WITRU
may determine which UL CC set the TA value applies to
based on which DL carrier the command was received onto.
The WTRU may determine which UL CC set the TA value
applies to based on the Group Index being explicitly provided
in the command. The WTRU may release multi-CC configu-
rations upon a timeAlignmentTimer (TAT) expiry.

[0006] Embodiments contemplate a wireless transmit/re-
ceive unit (WTRU) that may be configured, at least in part, to
identify one or more uplink carriers with which the WTRU
may be capable of operating, or one or more uplink carriers
that are operating on a wireless network. The WTRU may also
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be configured to determine one or more uplink component
carrier sets (UL CC sets). Each of the UL CC sets may
comprise one or more of the uplink carriers and each of the
one or more uplink carriers that may comprise a respective
UL CC set may be capable of operating with the same Timing
Advance (TA). The WTRU may be configured to determine
the one or more groups of UL CC sets based on a predeter-
mined identification of which of the one or more uplink
carriers may correspond to the one or more UL CC sets. For
example, the predetermined identification may be received
using dedicated signaling or may be inferred based on one or
more properties of the respective UL CC sets. The WTRU
may also be configured to select at least one UL CC set and
identify at least one of the one or more uplink carriers that
may be capable of random access channel (RACH) commu-
nication for the selected at least one UL CC set. The WTRU
may be configured to initiate a RACH communication on at
least one of the identified one or more uplink carriers for the
selected at least one UL CC set and to receive a TA value in
response to the RACH communication. The WTRU may be
further configured to apply the TA value to each of the one or
more uplink carriers that comprise the selected at least one
UL CC set.

[0007] Embodiments contemplate that the selected at least
one UL CC set may have an associated Time Alignment
Timer (TAT) and the WTRU may be further configured to
either start the TAT or restart the TAT. The WTRU may also be
configured to receive a signal via a downlink carrier where the
signal may include a TA value. The WTRU may identify at
least one of the one or more uplink carriers that may be paired
with the downlink carrier and identify at least one of the one
or more UL CC sets that may correspond to the at least one of
the one or more uplink carriers that may be paired with the
downlink carrier. The WTRU may apply the TA value to each
of'the one or more uplink carriers that comprise the identified
at least one of the one or more UL CC sets.

[0008] Embodiments contemplate that one or more UL CC
sets may correspond a frequency band of their respective
serving cell and the WTRU may be configured to receive a
signal via a downlink carrier, where the signal may include a
TA value. The WTRU may be configured to identify a fre-
quency band corresponding to the downlink carrier and iden-
tify at least one of the one or more UL CC sets whose respec-
tive frequency band may correspond to the frequency band of
the downlink carrier. The WTRU may apply the TA value to
each of the one or more uplink carriers that may comprise the
identified at least one of the one or more UL CC sets.
[0009] Embodiments contemplate that the a selected at
least one UL CC set may includes at least one uplink carrier
with a dedicated physical uplink control channel (PUCCH)
configuration. A WTRU may be configured to cease transmit-
ting on a resource corresponding to the PUCCH upon an
expiration of the TAT. Alternatively or additionally, the
WTRU may be configured to remove at least a part of the
PUCCH configuration upon an expiration of the TAT. Also
alternatively or additionally, the WTRU may be configured to
remove one or more RACH resources from the configuration
of the selected at least one UL CC set upon an expiration of
the TAT.

[0010] Embodiments contemplate that a wireless network
resource, such as an evolved Node B (eNodeB), may be
configured, at least in part, to identify one or more uplink
carriers with which the eNodeB may be capable of operating.
The eNodeB may determine one or more indices. Each ofthe
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one or more indices may correspond respectively to one or
more uplink component carrier sets (UL CC sets). Also, each
of the UL CC sets may comprise one or more of the uplink
carriers, and each of the one or more uplink carriers that
comprise a respective UL CC set may be capable of operating
with the same Timing Advance (TA). The eNodeB may be
configured to transmit the one or more indices.

[0011] Embodiments contemplate that the eNodeB may be
configured to receive a RACH communication on at least one
of'the one or more uplink carriers that comprise at least one of
the one or more UL CC sets. The eNodeB may transmit a TA
value in response to the RACH communication. The TA value
may be applicable to each of the one or more uplink carriers
that comprise the at least one of the one or more UL CC sets.
The eNode B may be configured to transmit a signal, where
the signal may include a TA value and an indicator. The
indicator may indicate at least one of the one or more UL CC
sets to which the TA value may be applicable. may be con-
figured to receive a RACH communication on at least one of
the one or more uplink carriers of the UL CC set and may
transmit a TA value in response to the RACH communication.
The TA value may be applicable to each of the one or more
uplink carriers that comprise the UL CC set. Alternatively or
additionally, the eNode B may be configured to transmit a
signal, where the signal may include a TA value and an
indicator. The indicator may indicate the UL CC set to which
the TA value may be applicable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] A more detailed understanding may be had from the
following description, given by way of example in conjunc-
tion with the accompanying drawings wherein:

[0013] FIG. 1A is a system diagram of an example com-
munications system in which one or more disclosed embodi-
ments may be implemented;

[0014] FIG.1Bis a system diagram of an example wireless
transmit/receive unit (WTRU) that may be used within the
communications system illustrated in FIG. 1A;

[0015] FIG. 1C 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.
1A;

[0016] FIG. 2 illustrates a flow chart of an exemplary
method consistent with embodiments;

[0017] FIG. 3 illustrates a flow chart of an exemplary
method consistent with embodiments;

[0018] FIG. 4 illustrates a flow chart of an exemplary
method consistent with embodiments;

[0019] FIG. 5 illustrates a flow chart of an exemplary
method consistent with embodiments; and

[0020] FIG. 6 illustrates a flow chart of an exemplary
method consistent with embodiments.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0021] FIG. 1A is a diagram of an example communica-
tions system 100 in which one or more disclosed embodi-
ments may be implemented. The communications system 100
may be a 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.

Jan. 12,2012

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

[0022] As shown in FIG. 1A, the communications system
100 may include wireless transmit/receive units (WTRUs)
102a, 1025, 102¢, 1024, a radio access network (RAN) 104,
a core network 106, a public switched telephone network
(PSTN) 108, the Internet 110, and other networks 112, though
it will be appreciated that the disclosed embodiments con-
template any number of WTRUs, base stations, networks,
and/or network elements. Each of the WITRUs 102q, 1025,
102¢, 102d may be any type of device configured to operate
and/or communicate in a wireless environment. By way of
example, the WTRUs 102q, 1025, 102¢, 102d may be con-
figured to transmit and/or receive wireless signals and may
include user equipment (UE), a mobile station, a fixed or
mobile subscriber unit, a pager, a cellular telephone, a per-
sonal digital assistant (PDA), a smartphone, a laptop, a net-
book, a personal computer, a wireless sensor, consumer elec-
tronics, and the like.

[0023] The communications systems 100 may also include
a base station 114a and a base station 1145. Each of the base
stations 114a, 1145 may be any type of device configured to
wirelessly interface with at least one of the WITRUs 1024,
10256, 102¢, 1024 to facilitate access to one or more commu-
nication networks, such as the core network 106, the Internet
110, and/or the networks 112. By way of example, the base
stations 114a, 1145 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 1144, 1145 are each depicted as
a single element, it will be appreciated that the base stations
114a, 1145 may include any number of interconnected base
stations and/or network elements.

[0024] The base station 114a may be part of the RAN 104,
which may also include other base stations and/or network
elements (not shown), such as a base station controller (BSC),
a radio network controller (RNC), relay nodes, etc. The base
station 114a and/or the base station 1145 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 sectors. For
example, the cell associated with the base station 114a may
be divided into three sectors. Thus, in one embodiment, the
base station 114a may include three transceivers, e.g., one for
each sector of the cell. In another embodiment, the base
station 114a may employ multiple-input multiple output
(MIMO) technology and, therefore, may utilize multiple
transceivers for each sector of the cell.

[0025] The base stations 114a, 1145 may communicate
with one or more of the WIRUs 102a, 1025, 102¢, 102d over
an air interface 116, which may be any suitable wireless
communication link (e.g., radio frequency (RF), microwave,
infrared (IR), ultraviolet (UV), visible light, etc.). The air
interface 116 may be established using any suitable radio
access technology (RAT).

[0026] More specifically, as noted above, the communica-
tions 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 104 and the
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WTRUs 1024, 1025, 102¢ may implement a radio technology
such as Universal Mobile Telecommunications System
(UMTS) Terrestrial Radio Access (UTRA), which may estab-
lish the air interface 116 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).

[0027] In another embodiment, the base station 114a and
the WTRUs 1024, 1025, 102¢ may implement a radio tech-
nology such as Evolved UMTS Terrestrial Radio Access
(E-UTRA), which may establish the air interface 116 using
Long Term Evolution (LTE) and/or LTE-Advanced (LTE-A).
[0028] Inother embodiments, the base station 114a and the
WTRUs 1024, 1025, 102¢ may implement radio technologies
such as IEEE 802.16 (e.g., Worldwide Interoperability for
Microwave Access (WiMAX)), CDMA2000, CDMA2000
1x, CDMA2000 EV-DO, Interim Standard 2000 (IS-2000),
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.

[0029] The base station 1145 in FIG. 1A may be a wireless
router, 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 1145 and the WTRUs 102¢,
102d may implement a radio technology such as IEEE 802.11
to establish a wireless local area network (WLAN). In another
embodiment, the base station 1145 and the WTRUs 102¢,
102d may implement a radio technology such as IEEE 802.15
to establish a wireless personal area network (WPAN). In yet
another embodiment, the base station 1145 and the WTRUs
102¢, 1024 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. 1A, the base station 11456 may
have a direct connection to the Internet 110. Thus, the base
station 1145 may not be required to access the Internet 110 via
the core network 106.

[0030] The RAN 104 may be in communication with the
core network 106, which may be any type of network config-
ured to provide voice, data, applications, and/or voice over
internet protocol (VoIP) services to one or more of the
WTRUs 1024, 1025, 102¢, 102d. For example, the core net-
work 106 may provide call control, billing services, mobile
location-based services, pre-paid calling, Internet connectiv-
ity, video distribution, etc., and/or perform high-level security
functions, such as user authentication. Although not shown in
FIG. 1A, it will be appreciated that the RAN 104 and/or the
core network 106 may be in direct or indirect communication
with other RANs that employ the same RAT as the RAN 104
or a different RAT. For example, in addition to being con-
nected to the RAN 104, which may be utilizing an E-UTRA
radio technology, the core network 106 may also be in com-
munication with another RAN (not shown) employing a GSM
radio technology.

[0031] The core network 106 may also serve as a gateway
for the WTRUs 1024, 1025, 102¢, 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
may include a global system of interconnected computer
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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 104 or a different RAT.

[0032] Some or all of the WTRUs 102a, 1025, 102¢, 1024
in the communications system 100 may include multi-mode
capabilities, e.g., the WIRUs 1024, 10256, 102¢, 1024 may
include multiple transceivers for communicating with difter-
ent wireless networks over different wireless links. For
example, the WTRU 102¢ shown in FIG. 1A may be config-
ured to communicate with the base station 1144, which may
employ a cellular-based radio technology, and with the base
station 1145, which may employ an IEEE 802 radio technol-
ogy.

[0033] 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, apower source 134, a global positioning system
(GPS) chipset 136, and other peripherals 138. It will be appre-
ciated that the WTRU 102 may include any sub-combination
of'the foregoing elements while remaining consistent with an
embodiment.

[0034] The processor 118 may be a general purpose pro-
cessor, a special purpose processor, a conventional processor,
a digital signal processor (DSP), a plurality of microproces-
sors, one or more microprocessors in association with a DSP
core, a controller, a microcontroller, Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Array
(FPGAs) circuits, 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
processing, and/or any other functionality that enables the
WTRU 102 to operate in a wireless environment. The proces-
sor 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
components, it will be appreciated that the processor 118 and
the transceiver 120 may be integrated together in an elec-
tronic package or chip.

[0035] The transmit/receive element 122 may be config-
ured to transmit signals to, or receive signals from, a base
station (e.g., the base station 114a) over the air interface 116.
For example, in one embodiment, the transmit/receive ele-
ment 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
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
receive any combination of wireless signals.

[0036] 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 tech-
nology. Thus, in one embodiment, the WITRU 102 may
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include two or more transmit/receive elements 122 (e.g., mul-
tiple antennas) for transmitting and receiving wireless signals
over the air interface 116.

[0037] The transceiver 120 may be configured to modulate
the signals that are to be transmitted by the transmit/receive
element 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 WTRU 102 to communicate via multiple RATs,
such as UTRA and IEEE 802.11, for example.

[0038] The processor 118 of the WTRU 102 may be
coupled to, and may receive user input data from, the speaker/
microphone 124, the keypad 126, and/or the display/touch-
pad 128 (e.g., a liquid crystal display (LCD) display unit or
organic light-emitting diode (OLED) display unit). The pro-
cessor 118 may also output user data to the speaker/micro-
phone 124, the keypad 126, and/or the display/touchpad 128.
In addition, the processor 118 may access information from,
and store data in, any type of suitable memory, such as the
non-removable memory 106 and/or the removable memory
132. The non-removable memory 106 may include random-
access memory (RAM), read-only memory (ROM), a hard
disk, or any other type of memory storage device. The remov-
able 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 physically located on the WTRU 102, such as on a
server or a home computer (not shown).

[0039] The processor 118 may receive power from the
power source 134, and may be configured to distribute and/or
control the power to the other components in the WTRU 102.
The power source 134 may be any suitable device for pow-
ering 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.
[0040] The processor 118 may also be coupled to the GPS
chipset 136, which may be configured to provide location
information (e.g., longitude and latitude) regarding the cur-
rent location ofthe WTRU 102. In addition to, or in lieu of, the
information from the GPS chipset 136, the WTRU 102 may
receive location information over the air interface 116 from a
base station (e.g., base stations 114a, 1145b) 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.

[0041] The processor 118 may further be coupled to other
peripherals 138, which may include one or more software
and/or hardware modules that provide additional features,
functionality 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 head-
set, 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.

[0042] FIG.1Cis asystem diagram of the RAN 104 and the
core network 106 according to an embodiment. As noted
above, the RAN 104 may employ an E-UTRA radio technol-
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ogy to communicate with the WTRUs 1024, 1025, and/or
102¢ over the air interface 116. The RAN 104 may also be in
communication with the core network 106.

[0043] The RAN 104 may include eNode-Bs 140a, 1405,
140¢, though it will be appreciated that the RAN 104 may
include any number of eNode-Bs while remaining consistent
with an embodiment. The eNode-Bs 140q, 1405, 140¢ may
each include one or more transceivers for communicating
with the WTRUs 102a, 1025, 102¢ over the air interface 116.
In one embodiment, the eNode-Bs 140a, 1405, 140¢ may
implement MIMO technology. Thus, the eNode-B 1404, for
example, may use multiple antennas to transmit wireless sig-
nals to, and receive wireless signals from, the WTRU 102a4.
[0044] Each of the eNode-Bs 140q, 1405, 140c may be
associated with a particular cell (not shown) and may be
configured to handle radio resource management decisions,
handover decisions, scheduling of users in the uplink and/or
downlink, and the like. As shown in FIG. 1C, the eNode-Bs
140a, 1405, 140c may communicate with one another over an
X2 interface. The core network 106 shown in FIG. 1C may
include a mobility management gateway (MME) 142, a serv-
ing gateway 144, and a packet data network (PDN) gateway
146. While each of the foregoing elements are depicted as part
of'the core network 106, 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.

[0045] The MME 142 may be connected to each of the
eNode-Bs 1424, 1425, 142¢ in the RAN 104 via an S1 inter-
face and may serve as a control node. For example, the MME
142 may be responsible for authenticating users of the
WTRUs 1024, 1025, 102¢, bearer activation/deactivation,
selecting a particular serving gateway during an initial attach
ofthe WTRUs 1024, 1025, 102c¢, and the like. The MME 142
may also 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.
[0046] The serving gateway 144 may be connected to each
of the eNode Bs 140a, 1405, 140¢ in the RAN 104 via the S1
interface. The serving gateway 144 may generally route and
forward user data packets to/from the WTRUs 102a, 1025,
102¢. The serving gateway 144 may also perform other func-
tions, such as anchoring user planes during inter-eNode B
handovers, triggering paging when downlink data is available
for the WTRUs 1024, 1025, 102¢, managing and storing
contexts of the WITRUs 1024, 1025, 102¢, and the like.
[0047] The serving gateway 144 may also be connected to
the PDN gateway 146, which may provide the WTRUs 1024,
1024, 102¢ with access to packet-switched networks, such as
the Internet 110, to facilitate communications between the
WTRUSs 1024, 1025, 102¢ and IP-enabled devices.

[0048] The core network 106 may facilitate communica-
tions with other networks. For example, the core network 106
may provide the WTRUs 1024, 1025, 102¢ with access to
circuit-switched networks, such as the PSTN 108, to facilitate
communications between the WITRUs 1024, 1025, 102¢ and
traditional land-line communications devices. For example,
the core network 106 may include, or may communicate with,
an [P gateway (e.g., an IP multimedia subsystem (IMS)
server) that serves as an interface between the core network
106 and the PSTN 108. In addition, the core network 106 may
provide the WTRUs 102a, 1025, 102¢ with access to the
networks 112, which may include other wired or wireless
networks that are owned and/or operated by other service
providers.
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[0049] When referred to hereafter, the term primary com-
ponent carrier (PCC) includes, without loss of generality, a
carrier of a WTRU configured to operate with multiple com-
ponent carriers for which some functionality, such as for
example, derivation of security parameters and NAS infor-
mation, may be applicable only to that component carrier. The
WTRU may be configured with at least one PCC for the
downlink (DL PCC) and one for the uplink (UL PCC). Con-
sequently, a carrier which is not a PCC of the WTRU may
hereafter be referred to as a Secondary Carrier (SCC).
[0050] The DL PCC may, for example, correspond to the
CC used by the WTRU to derive initial security parameters
when initially accessing the system. The UL PCC may, for
example, correspond to the CC whose PUCCH resources are
configured to carry all Hybrid Automatic Repeat Request
(HARQ) Acknowledge/Negative Acknowledge (A/N) and
Channel State Information (CSI) feedback for a given
WTRU.

[0051] When referred to herein, the term “Component Car-
rier (CC)” includes, without loss of generality, a frequency on
which the WTRU operates. For example, a WTRU may
receive transmissions on a downlink CC (hereafter “DL
CC”); a DL CC may comprise of a number of DL physical
channels including, but not limited to, the Physical Control
Format Indicator Channel (PCFICH), the Physical HARQ
Indicator Channel (PHICH), the Physical Downlink Control
Channel (PDCCH), the physical multicast data channel
(PMCH) and the Physical Downlink Shared Channel (PD-
SCH). On the PCFICH, the WTRU receives control data
indicating the size of the control region of the DL. CC. On the
PHICH, the WTRU receives control data indicating HARQ
ACK/NACK feedback for a previous uplink transmission. On
the PDCCH, the WTRU receives downlink control informa-
tion (DCIs) messages mainly used for the purpose of sched-
uling of downlink and uplink resources. On the PDSCH, the
WTRU receives user and/or control data. For example, a
WTRU may transmit on an uplink CC (hereafter “UL CC”);
a UL CC may comprise of a number of UL physical channels
including, but not limited to, the physical uplink control chan-
nel (PUCCH) and the physical uplink shared channel
(PUSCH). On the PUSCH, the WTRU transmits user and/or
control data. On the PUCCH, and in some case on the
PUSCH, the WTRU transmits uplink control information
(such as CQI/PMI/RI or SR) and/or hybrid automatic repeat
request (HARQ) acknowledgement/negative acknowledge-
ment (ACK/NACK) feedback. On a UL CC, the WTRU may
also be allocated dedicated resources for transmission of
Sounding and Reference Signals (SRS).

[0052] A cell typically minimally consists in a DL CC
which is, in some embodiments, linked to a UL CC based on
the system information (SI) received by the WTRU either
broadcasted on the DL CC or possibly using dedicated con-
figuration signaling from the network. For example, when
broadcasted on the DL CC, the WTRU receives the uplink
frequency and bandwidth of the linked UL CC as part of the
SystemInformationBlockType2 (SIB2) information element.
[0053] When referred to herein, the term “Primary Cell
(PCell)” includes, without loss of generality, the cell operat-
ing of the primary frequency in which the WTRU either
performs the initial connection establishment procedure or
initiates the connection re-establishment procedure, or the
cell indicated as the primary cell in the handover procedure.
The WTRU uses the PCell to derive the parameters for the
security functions and for upper layer system information
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such as NAS mobility information. Other functions that may
be supported only on the PCell DL include system informa-
tion (SI) acquisition and change monitoring procedures on
the broadcast channel (BCCH), and paging. The UL CC ofthe
PCell may correspond to the CC whose physical uplink con-
trol channel (PUCCH) resources are configured to carry all
HARQ ACK/NACK feedback for a given WTRU.

[0054] When referred to herein, the term “Secondary Cell
(SCell)” includes, without loss of generality, the cell operat-
ing on a secondary frequency which may be configured once
an RRC connection is established and which may be used to
provide additional radio resources. System information rel-
evant for operation in the concerned SCell is typically pro-
vided using dedicated signaling when the SCell is 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 is herein referred to as SI of the
concerned SCell independently of the method used by the
WTRU to acquire this information.

[0055] When referred to herein, the terms “PCell DL and
“PCell UL” corresponds to, without loss of generality, the DL
CC and the UL CC of the PCell, respectively. Similarly, the
terms “SCell DL and “SCell UL” corresponds to the DL. CC
and the UL CC (if configured) of'a SCell, respectively. For the
PCell, a CC may also be referred to as a PCC; for a SCell, a
CC may be referred to as a SCC.

[0056] When referred to herein, the term “serving cell”
includes, without loss of generality, a primary cell (e.g., a
PCell) or a secondary cell (e.g., a SCell). More specifically,
fora WTRU that is not configured with any SCell or that does
not support operation on multiple component carriers (e.g.,
carrier aggregation), there is one serving cell comprising of
the PCell, and in some embodiments perhaps there is only one
serving cell comprising of the PCell; for a WTRU that is
configured with at least one SCell, the term “serving cells”
includes the set of one or more cells comprising of the PCell
and all configured SCell(s).

[0057] Whena WTRU is configured with at least one SCell,
there is at least one PCell DL (e.g. including one DL-SCH)
and at least one PCell UL (e.g., including one UL-SCH) and,
for each configured SCell, there is at least one SCell DL and,
in some embodiments, at least one SCell UL (if configured).
In some embodiments, there is always one PCell DL (e.g.
including one DL-SCH) and one PCell UL (e.g., including
one UL-SCH) and, for each configured SCell, there is one
SCell DL and, in some embodiments, one SCell UL (if con-
figured).

[0058] For R10 with Carrier Aggregation (CA), e.g., the
WTRU has at least one SCell DL in its configuration, the
WTRU may also be configured with one or more explicit
resource allocations for A/N on PUCCH. In some embodi-
ments, by way of example and not limitation, working
assumptions are made that include that PUCCH A/N
resources may be explicitly allocated for the UL, PCC, for
example using dedicated signaling; UL/DL PCC linking may
be based on SI on DL PCC; SCell may be explicitly (de)
activated; and a WTRU may perform RA in a SCC (e.g.,
RA-SR).

[0059] UL synchronization may be initially achieved using
arandom access channel (RACH) procedure, and the WTRU
is considered to be UL Time Aligned with the network. The
WTRU has a configurable timer, e.g., timeAlignmentTimer
(TAT) that may be used to maintain timing alignment with the

IPR2023-01269 Page 13



US 2012/0008600 A1l

network. A Release 8/Release 9 (R8/R9) WTRU releases a
configured physical uplink control channel (PUCCH)
resources for Channel Quality Information/Precoding Matrix
Indicator/Rank Indicator (CQI/PMI/RI), and also a sounding
reference symbol (SRS) when the WTRU has no valid Timing
Advance, e.g., upon expiration of TA Timer. For PUCCH
resources for transmission of HARQ ACK/NACK (A/N),
which are dynamically allocated, when TAT is not running the
WTRU s not allowed to transmit A/N on PUCCH. For HARQ
feedback on PUCCH, the resource on which to transmit on
PUCCH is determined dynamically based on the first Control
Channel Element (CCE) of the DCI for the downlink (DL)
assignment received on a physical downlink control channel
(PDCCH).

[0060] A WTRU may be configured to operate with mul-
tiple carriers in the connected mode. WIRU configuration
may include more than one serving cell with configured
uplink resources, which corresponding uplink carriers may
possibly be grouped based on similar timing alignment
requirement in case the WTRU supports uplink carriers
requiring different Timing Advance. In such a scenario, the
WTRU may need to establish a valid Timing Alignment for
each of these (groups of) carriers. One issue may be how the
WTRU and the network agree on which uplink carriers
should share the same Timing Advance (TA). For purpose of
example, and not limitation, the TA may be the variable that
controls an adjustment of the time at which a WTRU may be
allowed to transmit within allotted timeslots. Another issue
may be how the network communicates the TA values asso-
ciated with these uplink carriers, or groups thereof, to the
WTRU. Yet another issue may be determining what actions
need to be taken by the WTRU when loss of synchronization
occurs due to expiration of the timing advance timer for each
uplink carrier, or a group thereof. Another issue may be how
a WTRU, configured for multicarrier operation, handles: (1)
PUCCH A/N resources when TAT is expired for the UL CC
on which the resources are configured, for example the PCell
UL; and (2) SCell DLs when TAT is expired for the linked
SCell UL.

[0061] Embodiments contemplate thata WTRU may trans-
mit an A/N for the first scheduled PDSCH transmission, e.g.
a PDSCH assignment that is scheduled either using PDCCH
scrambled with C-RNTI, or otherwise on DL-SCH including
the WIRU Contention Resolution Medium Access Control
(MAC) control element (CE), after receiving a RAR message.
A RAR message may include a TA Command and may restart
TAT during a RA procedure. If TAT expiry invalidates, for
example, the R10 PUCCH A/N resource, a rule may be
required for A/N transmission for PDSCH received ina SCell
DL, or else a different mechanism may be needed to implic-
itly release the R10 PUCCH A/N resources such that the A/N
may be sent on the Physical Uplink Control Channel PUCCH
dynamic resource according to R8 principles to ensure com-
patibility.

[0062] Embodiments contemplate methods and techniques
disclosed herein that may facilitate a WTRU to operate with
multiple carriers in the connected mode and may also main-
tain time alignment with multiple uplink carriers.

[0063] Embodiments contemplate that the Timing Advance
(TA) value used by the WTRU for UL time alignment may be
provided by the network in the Random Access Channel
(RACH) response to the WTRU’s RACH request message, or
by using a Timing Advance Command MAC Control Ele-
ment. The WTRU may use the TA value for UL time align-
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ment. The WTRU may start/restart the TAT associated with
the UL carrier because there may be one UL carrier assigned
to the WTRU. In some instances, the WITRU may be con-
strained by its implementation to operate with a single TA for
a group of UL carriers that it may be operating with at a given
time. This may be the case if, for example, the UL carriers are
within the same frequency band and are transmitted using a
common RF module. A group of carriers operating with the
same TA may be referred to herein as a “UL CC set”.
[0064] Embodiments contemplate that UL, CC sets that
may require minimum signaling may include determining
that or one or more UL carriers that are a part of the same
frequency band, are part of the same UL CC set. Those UL
carriers that are not part of the same frequency band may not
be part of the same UL CC set. Also, embodiments contem-
plate that the WTRU and the network may know in advance
which UL carriers belong to the same UL CC set.

[0065] Embodiments contemplate that the definition of a
UL CC set may depend on the WTRU capability. The WTRU,
therefore, may transmit information as part of its E-UTRA
capabilities to the network including which UL carriers may
be transmitted with different TAs. Since the possibility of
being able to operate with multiple TAs may be linked to the
frequency bands the WTRU is supporting, defining the capa-
bility as a single information element (“multiple TAsupport™)
may be used to transfer this information to the network. An
example encoding may be:

[0066] Codepoint 0: WTRU is not capable of supporting
multiple TAs;
[0067] Codepoint 1: WTRU is capable of operating with

different TAs if UL carriers are not in same band; and
[0068] Codepoint 2: WTRU is fully capable of operating
with different TAs for any pair of UL carriers. Also by way of
example, another contemplated encoding may be:

[0069] Codepoint 0: WTRU is not capable of supporting
multiple TAs (e.g. single radio front end supporting a single
frequency band);

[0070] Codepoint 1: WTRU is capable of operating with up
to two different TAs if UL carriers are not in same band (e.g.
dual radio front ends, each supporting a single frequency
band); and

[0071] Codepoint 2: WTRU is fully capable of operating
with different TAs for any number of UL carriers (e.g. full
support for any combination of frequency band(s) according
to the reported WTRU’s capabilities and WTRU’s class).
[0072] Using the encoded information, the network may
define sets of UL carriers that use the same timing advance
(UL CC sets), and provide the information to the WTRU. The
network may include UL carriers from different bands in the
same UL CC set even if the WTRU is capable of operating
with different TAs for UL carriers in different bands.

[0073] Some embodiments may identify UL carriers that
use the same timing advance by defining a group index of a
few bits for each UL CC set (possibly a single bit if there is a
maximum of 2 UL CC sets). The WTRU may obtain the group
index of the UL CC set to which an UL carrier belongs when
this UL carrier is being configured by the network (e.g., in the
RRC message). Alternatively, the group index may be broad-
cast in the system information of a paired DL carrier. In
another alternative, a group index may be associated with a
frequency band if the operation with multiple timing
advances within a band is not supported.

[0074] The WTRU may also obtain the DL carrier (or set of
DL carriers) that may be used as a reference for the timing
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advance for each UL carrier or UL CC set. The DL carrier,
alternatively, that may be used as a reference for the timing
advance may be implicitly the DL carrier from which the
message including the timing advance value is transmitted.
[0075] Embodiments contemplate thata WTRU may apply
different TA values for different UL CC sets. Each UL CC set
may operate with a separate Time Alignment Timer (TAT). In
accordance with this method, in one embodiment, initial tim-
ing alignment may be achieved using a Random Access
Channel (RACH) procedure wherein the TA value may be
provided by the network to the WTRU using the RACH
response message. In case of an UL CC set where all the
carriers (or a subset) of the set are configured for RACH, the
WTRU may select one of the carriers that can be used for
RACH and trigger the Random Access procedure. The Tim-
ing Advance Command received in the Random Access
Response message may then be used to apply the TA value to
some or each UL carrier of the UL CC set, and the WTRU
may start/restart the TAT associated with the UL CC set.
[0076] Insomeembodiments only one carrier in the UL CC
set may be configured for RACH. In such embodiments, the
WTRU may trigger the Random Access procedure on this
carrier, apply the TA value obtained in the corresponding
Random Access Response message to each UL carrier of the
UL CC set, and start/restart the TAT associated with the UL
CC set.

[0077] Inother embodiments, the timing alignment may be
maintained by the WITRU based on the TA value received
from the network through either an existing MAC CE or any
other form of signaling. The WIRU may determine which
UL CC set the TA value may apply to based on from which
DL carrier the command (for example, a Timing advance
command MAC control element) was transmitted. For
example, the UL CC set the TA value applies may be deter-
mined as the one to which the UL carrier paired to this DL
carrier belongs. In case a UL CC set corresponds to a fre-
quency band, the TA value may apply to the UL CC set in the
same band as the DL carrier from which the command is
transmitted. Alternatively, the correspondence between a DL
carrier and an UL CC set may be explicitly signaled.

[0078] Embodiments contemplate that a frequency band
may be defined for a serving cell, e.g., may be defined jointly
for a DL carrier and, in some embodiments, a UL carrier
forming the serving cell. Also the Timing advance may be
applied for some or all UL carriers of serving cells that cor-
respond to the same frequency band. Embodiments contem-
plate at least two techniques to identify the applicable band
for the time alignment command (TAC). The applicable band
may or may not be bound to the reception of the TAC in a
specific downlink carrier which may itself be part of the same
frequency band. Embodiments contemplate that the TAC may
be received and applied for some or all UL carriers of the
frequency band of the carrier on which it is received (e.g.,
implicit identification of the applicable band). Alternatively
or additionally, the TAC may be received anywhere and
applied to all UL carriers of the frequency band that may be
indicated inside the TAC itself (e.g., explicit identification of
the applicable band).

[0079] Embodiments contemplate a MAC CE, that may
include a TA, may be received on the DL ofa serving cell. The
WTRU may determine what UL CC set the serving cell’s
corresponding UL CC may belong to. The WTRU may apply
the received TA to the UL CC of all of the serving cell (and/or
to all UL CCs) that may belong to determined UL CC set.
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Embodiments contemplate that the paring of an UL CC with
a DL CC may beunique (e.g., 1 UL for 1 DL). Embodiments
also contemplate that the pairs may be part of a set, where the
criteria for being part of a set may be that all UL CCs of a set
have the same TA requirement.

[0080] Alternatively, the WIRU may determine which UL
CC set the TA value applies to based on the Group Index that
may be explicitly provided in the command. For example, the
two spare bits of the existing “Timing Advance Command
MAC Control Element” may be used, or a new type of MAC
control element including the group index may be defined.
When a Timing Advance Command MAC CE is received, the
WTRU may identify the UL CC set using the Group Index
and may start/restart the TAT for the corresponding UL CC
set.

[0081] Alternatively, the network may use any other form
of dedicated signaling to provide the WITRU with the TA
value. The network may embed the CC “group index” in this
message to indicate which UL CC set may be associated with
this TA value.

[0082] Again alternatively, for applying the TA value to a
specific UL CC set upon expiration of an UL CC set’s TAT,
the WTRU may follow the same procedure as initial TA
establishment as described previously to re-establish UL tim-
ing alignment. Re-acquiring the TA may be done if and when
necessary. Alternatively, the WTRU may determine based on
the group index provided in dedicated signaling which RACH
resources to use to re-establish the corresponding UL CC
set’s TA. The WTRU may then repeat the Random Access
procedure as described above.

[0083] In another alternative, the network may use the
existing Timing Advance Command MAC CE, or any other
form of dedicated signaling, to provide the TA value previ-
ously used for the corresponding UL CC set. The network
may use this mechanism within a reasonable amount of time
(a new timer can be defined for this) after the expiration of the
TAT. The WTRU may then use this TA value to start/restart
the corresponding TAT without performing an RA procedure
for this UL CC set.

[0084] Upon expiration of the TAT for a specific UL CC set
(or for all configured UL CC’s in case where there is a single
TAT), the WTRU may flush all HARQ bufters corresponding
to the UL-SCH of an UL carrier part of the UL CC set.

[0085] Corresponding local NACKs may also be indicated
to the RL.C sub-layer. Any Physical Uplink Control Channels
(PUCCH) or SRS configuration of a UL carrier which is part
of'the UL CC set may be released upon expiration of the TAT.
For any DL carrier for which feedback is transmitted over
such PUCCH, the WTRU may perform at least one of the
following, except for a specific DL carrier, such as the PCell
DL. The WTRU may: stop PDSCH processing (e.g., bufter-
ing/decoding) for this DL carrier, de-activate the DL carrier,
release the PDSCH configuration for this DL carrier, release
the PDCCH configuration for this DL carrier, release the
PRACH configuration applicable to this DL carrier, and/or
release any part of the configuration pertaining to the DL
carrier.

[0086] Any uplink grant applicable to an UL carrier part of
the UL CC set may be cleared upon expiration. In addition,
any downlink assignment for which feedback may be pro-
vided on resources corresponding to an UL carrier which may
be part of the UL CC set may be cleared.
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[0087] The PUSCH configuration on a UL carrier which is
partofthe UL CC set may be released. This, however, may not
apply to certain UL carrier(s), such as the PCell UL.

[0088] The PUSCH on a UL carrier which is part of the UL
CC set may be deactivated. This however, may not apply to
certain UL carrier(s), such as the PCell UL. The PUSCH on
these carriers could be reactivated upon subsequent reception
of a timing advance command applicable to the UL CC set.
[0089] A PUCCH configuration that may be received using
dedicated signaling, for example, an R10 configuration for an
explicit resource allocation for HARQ A/N and/or for CQI/
PMI/RI for control information corresponding to multiple DL
CCs, of an UL CC (e.g. a PCell UL) of a WITRU’s configu-
ration which is part of the UL CC set may be invalidated. For
example, the WTRU may maintain (at least part of) the dedi-
cated PUCCH configuration but may not transmit on a
resource corresponding to the configuration, possibly until
the WTRU has a valid timing advance for the UL, CC. This
may be because of TAT expiry for PCell UL, and the WTRU
may invalidate/remove PUCCH A/N on PCell UL and revert
to R8/9 A/N behavior. The WTRU may revert to dynamic
selection of A/N resource for HARQ feedback transmitted in
the UL CC (e.g., the PCC); and/or the WTRU may stop
transmission of CQI/PMI/RI on the PUCCH resources for
CQI/PMI/RI.

[0090] A PUCCH configuration that may be received using
dedicated signaling may also be released, e.g., the WIRU
may completely remove, or remove at least a part of, the
dedicated PUCCH configuration. For example, an R10 con-
figuration for an explicit resource allocation for HARQ A/N
and/or for CQI/PMI/RI for control information correspond-
ing to multiple DL CCs, of an UL, CC (e.g. a PCell UL) of a
WTRU’s configuration which is part of the UL CC set may be
released. The WTRU may revert to dynamic selection of A/N
resource for HARQ feedback transmitted in the UL CC (e.g.,
the PCC); and/or the WTRU may stop transmission of
QI/PMI/RI on the PUCCH resources for CQI/PMI/RI.
[0091] As an example, upon TAT expiry of the PCell UL,
the WTRU may invalidate the R10 explicit PUCCH A/N
resource allocation and/or release the R10 PUCCH configu-
ration for CQI/PMI/RI of the PCell UL.

[0092] Because of TAT expiry for a SCell UL with a
PUCCH configuration (perhaps assuming PUCCH and PCC
are decoupled and PCell UL may be defined based on PCell
DL), the WTRU may switch to a PUCCH configuration of the
PCell UL. A dedicated PUCCH configuration (R10 configu-
ration for HARQ A/N and/or for CQI/PMI/RI for control
information corresponding to multiple DL CCs) of a UL CC
(e.g.,aPCell UL) of the WTRUS s configuration, which UL CC
is still considered time aligned (e.g., the UL CC is not part of
the UL CC set for which TA is no longer valid), may be
reconfigured. For example, the WTRU may select a different
resource from its PUCCH A/N configuration such that a
WTRU transmits uplink control information on the reconfig-
ured resource on the UL CC which still may have valid TA
(e.g., a PCell UL). Also by way of example, this may be
considered equivalent to switching between a configured
resource (e.g., for A/N) on a first UL CC to a configured
resource on a second UL CC (e.g., a PCell UL) upon loss of
TA for the first UL CC, or using a different dedicated resource
(e.g., for CQIV/PMI/RI) on e.g., a PCC upon expiration of TA
(and possibly implicit deactivation) for one or more SCells.
[0093] Because of TAT expiry, the WTRU may only be
allowed to perform RACH for PCell DL. Embodiments con-
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template that the WTRU may invalidate and/or remove the
RACH resources from its configuration, which resources cor-
respond to an SCell UL which is part of the UL CC set for
which TA may no longer be valid. In other words, in some
embodiments, the WTRU may only initiate random access
(RACH) on a UL/DL CC pair (e.g., the PCell) using single
carrier operation according to R8/9 selection and transmis-
sion principles.

[0094] Also because of TAT expiry, the WIRU may later
regain a valid TA, it may revert to R8/9 of all UL/DL CC pairs
of’its configuration. The WTRU may revert to a R8/9 behavior
for A/N transmissions on PUCCH when it subsequently
recovers a valid TA for the UL CC, transmitting on a PUCCH
resource of the UL CC which resource is determined based on
at least one of: the UL/DL linking of the DL, CC in which it
successfully decodes a PDCCH fora DL assignment; or using
a resource in the PUCCH region either broadcasted in the SI
of'the corresponding DL CC (e.g., for a PCC) or received in
a dedicated manner (e.g., for a SCC).

[0095] As anexample, upon TAT expiry a WTRU may keep
its multicarrier configuration including resources for per-
forming random access in a SCell of'its configuration; in this
case, for each CC pair (e.g. either a PCell or a SCell pair of the
WTRU’s configuration) the WTRU may apply Rel-8/9
behavior for A/N transmission on PUCCH once it recovers a
valid TA, e.g., when receiving a TA Command during the
random access procedure.

[0096] Embodiments contemplate thata WTRU may revert
to a single carrier (e.g., R8/9) operation: where the serving
cell may correspond to the downlink primary carrier (e.g.,
PCell) prior to the timer expiry; or if the WTRU has no valid
time alignment for any UL CC set (e.g., no timing advance
timer is running).

[0097] All of the methods as described above may be appli-
cable to TAT expiry, and also may be equally applicable for
implicit SCell deactivation (A/N and CQI). The above meth-
ods may also be applicable upon deactivation of an SCell
(either explicit, or implicit, e.g., using a timer different than
the TAT but with similar properties in that it forbids a WTRU
to use uplink resources corresponding to the deactivated
SCell) or explicit reconfiguration which removes a UL CC
(e.g. a SCell UL) of the WTRUs configuration.

[0098] In addition, for methods above where the WTRU
may revert to R8/9 behavior for transmission of A/N on
PUCCH (e.g., dynamic selection of PUCCH resource). For
example, a TAT may expire and the WIRU may have a
configuration including at least one SCell DL, it may not be
possible for the WTRU to transmit HARQ A/N feedback
and/or CQI/PMI/RI for more than one DI, CC (e.g., a WTRU
may have multiple DL CCs and end up in a situation where it
may only use a single R8/9 PUCCH resource for A/N during
a RACH procedure) until it first recovers the means to trans-
mit uplink control information for more than one carrier in a
subframe, e.g., until it is reconfigured. In particular if a
WTRU may only transmit A/N feedback in a single UL CC
(e.g., the PCell UL) during the random access procedure. For
random access, reconfiguration may happen no earlier than
upon reception of RA “msg4” for contention-based RA, or no
earlier than the first PDSCH assignment following reception
of RA “msg2” in case of contention-free RA.

[0099] Embodiments contemplate that, where a WTRU
receives more than one DL assignment in a given subframe
(the WTRU may successfully decode multiple PDCCH in a
given subframe), the WTRU, which may consider the
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PDSCH of the PCell DL, may generate A/N feedback accord-
ing to the DL transmission received on the PCell DL only.
[0100] In case where a WTRU receives more than one DL
assignment in a given subframe (the WTRU may successfully
decode multiple PDCCH in a given subframe), the WTRU,
which may consider the PDSCH of the DL, CC used for the
ongoing RACH procedure, may generate A/N feedback for
the DL transmission received on the DL CC associated/linked
to the UL CC used for transmission of RA msgl (e.g., a
RACH preamble) and/or for transmission of RA msg3 (e.g., a
transmission using the resources granted in a RA Response
previously received).

[0101] For any of the embodiments described previously,
the WTRU may (for A/N feedback) either transmit on a
PUCCH resource on a PCell UL according to R8/9 selection
and transmission or the WTRU may transmit R8/9 A/N on
PCell UL. The WTRU may also transmit on a PUCCH
resource on the UL CC associated/linked to the DL. CC for
which the A/N feedback was generated, according to R8/9
selection and transmission; or transmit R8/9 A/N on the
linked SCell UL; or the WTRU may refrain from transmis-
sion, e.g., the WIRU may not transmit any feedback, and
possibly may ignore the received DL assignment or may
consider this as an error situation.

[0102] Methods are disclosed for maintaining time align-
ment with multiple uplink carriers that include determining
that all UL carriers part of the same frequency band are part of
the same UL CC set. The WTRU signals capability of using
multiple TAs by defining a group index of a few bits for each
UL CC set. The Timing Advance Command received in the
Random Access Response message is used to apply the TA
value to each UL carrier of the UL CC set. The WTRU may
determine which UL CC set the TA value applies to based on
which DL carrier the command was transmitted from, for
example by way of'a Timing advance command MAC control
element. The WTRU may determine which UL CC set the TA
value applies to based on the Group Index being explicitly
provided in the command. The WTRU releases at least a part
of'a multicarrier configuration (e.g., the configuration of one
or more SCells) upon TAT expiry. For example, the WTRU
may release the configuration for all SCells for which the
respective SCell UL is part of the UL CC set for which the
timing alignment is no longer valid. Alternatively, for
example, the WIRU may release the configuration for all
SCells when the timing alignment of the PCell is no longer
valid.

[0103] Itshould be understood that any of the embodiments
described herein directed to the function or capability of the
WTRU and/or abase node (or base station or eNodeB) may be
implemented by one or more processors configured to per-
form the disclosed function or capability. For example, the
processor 118 described with regard to FIG. 1B may be con-
figured to perform some or all of the various WTRU functions
and capabilities disclosed herein, in whole or in part. Also by
way of example, a processor included in an base station (base
node) or eNodeB described with regard to FIG. 1C may be
configured to perform some or all of the various base node or
eNodeB functions and capabilities disclosed herein, in whole
or in part.

[0104] In FIG. 2, exemplary embodiments contemplate a
wireless transmit/receive unit (WTRU) that may be config-
ured, at least in part, to, at 202, identify one or more uplink
carriers with which the WTRU may be capable of operating,
or one or more uplink carriers that may be operating on a
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wireless communication network. At 204, the WIRU may
also be configured to determine one or more uplink compo-
nent carrier sets (UL CC sets). Each of the UL CC sets may
comprise one or more of the uplink carriers and each of the
one or more uplink carriers that may comprise a respective
UL CC set may be capable of operating with the same Timing
Advance (TA). The WTRU may be configured to determine
the one or more groups of UL CC sets based on a predeter-
mined identification of which of the one or more uplink
carriers may correspond to the one or more UL CC sets. At
206, the WTRU may also be configured to select at least one
UL CC setand, at 208, identify at least one of the one or more
uplink carriers that may be capable of random access channel
(RACH) communication for the selected at least one UL CC
set. At 210, the WTRU may be configured to initiate a RACH
communication on at least one of the identified one or more
uplink carriers for the selected at least one UL CC set and, at
212, to receive a TA value in response to the RACH commu-
nication. The WTRU may be further configured, at 214, to
apply the TA value to each of the one or more uplink carriers
that comprise the selected at least one UL CC set.

[0105] Embodiments contemplate that the selected at least
one UL CC set may have an associated Time Alignment
Timer (TAT) and, at 216, the WTRU may be further config-
ured to either start the TAT or restart the TAT. Referring to
FIG. 3, the WTRU may also be configured, at 302, to receive
a signal via a downlink carrier where the signal may include
aTA value. The WTRU may, at 304, identify atleast one ofthe
one or more uplink carriers that may be paired with the
downlink carrier and, at 306, identify at least one of the one or
more UL CC sets that may correspond to the at least one of the
one or more uplink carriers that may be paired with the
downlink carrier. The WTRU may, at 308, apply the TA value
to each of the one or more uplink carriers that comprise the
identified at least one of the one or more UL CC sets.

[0106] Referring to FIG. 4, embodiments contemplate that
one or more UL CC sets may correspond to respective fre-
quency bands and the WTRU may be configured, at 402, to
receive a signal via a downlink carrier, where the signal may
include a TA value. The WTRU may be configured, at 404, to
identify a frequency band corresponding to the downlink
carrier and identify at least one of the one or more UL CC sets
whose respective frequency band may correspond to the fre-
quency band of the downlink carrier. The WTRU may, at 406,
apply the TA value to each of the one or more uplink carriers
that may comprise the identified at least one of the one or
more UL CC sets.

[0107] Referring to FIG. 5, embodiments contemplate that
the a selected at least one UL CC set may includes at least one
uplink carrier with a dedicated physical uplink control chan-
nel (PUCCH) configuration. A WTRU may be, at 502, con-
figured to cease transmitting on a resource corresponding to
the PUCCH upon an expiration of the TAT. Alternatively or
additionally, the WTRU may be, at 504, configured to remove
atleast a part of the PUCHH configuration upon an expiration
of'the TAT. Also alternatively or additionally, the WTRU may
be, at 506, configured to remove one or more RACH
resources from the configuration of the selected at least one
UL CC set upon an expiration of the TAT.

[0108] Referring to FIG. 6, embodiments contemplate a
wireless network resource, such as an evolved Node B (eNo-
deB), may be configured, at least in part, at 602, to identify
one or more uplink carriers with which the eNodeB (or the
wireless network) may be capable of operating. The eNodeB
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may be configured, at 604, determine one or more indices.
Each of the one or more indices may correspond respectively
to one or more uplink component carrier sets (UL CC sets).
Also, each of'the UL CC sets may comprise one or more of the
uplink carriers, and each of the one or more uplink carriers
that comprise a respective UL CC set may be capable of
operating with the same Timing Advance (TA). The eNodeB
may, at 606, be configured to transmit the one or more indices.
[0109] Embodiments contemplate that the eNodeB may be
configured to, at 608, receive a RACH communication on at
least one of the one or more uplink carriers that comprise at
least one of the one or more UL CC sets and may, at 610,
transmit a TA value in response to the RACH communication.
The TA value may be applicable to each of the one or more
uplink carriers that comprise the at least one of the one or
more UL CC sets. Alternatively or additionally, the eNode B
may be, at 612, configured to transmit a signal, where the
signal may include a TA value and an indicator. The indicator
may be a Group Index, for example. The indicator may indi-
cate at least one of the one or more UL CC sets to which the
TA value may be applicable.

[0110] Although features and elements are described above
in particular combinations, one of ordinary skill in the art will
appreciate that each feature or element can be used alone or in
any combination with the other features and elements. In
addition, the methods described herein may be implemented
in a computer program, software, or firmware incorporated in
a computer-readable medium for execution by a computer or
processor. Examples of computer-readable media include
electronic signals (transmitted over wired or wireless connec-
tions) and computer-readable storage media. Examples of
computer-readable storage 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 such as internal hard disks and
removable disks, magneto-optical media, and optical media
such as CD-ROM disks, and 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, UE,
terminal, base station, RNC, or any host computer.

What is claimed is:

1. A wireless transmit/receive unit (WTRU), comprising:

a processor, the processor configured, at least in part to:

identify one or more uplink carriers with which the
WTRU is capable of operating; and

determine one or more uplink component carrier sets
(UL CC sets), each of'the UL CC sets comprising one
or more of the uplink carriers, each of the one or more
uplink carriers that comprise a respective UL CC set
being capable of operating with the same Timing
Advance (TA).

2. The WTRU of claim 1, wherein the processor is further
configured to determine the one or more UL CC sets based on
a predetermined identification of which of the one or more
uplink carriers correspond to the one or more UL CC sets.

3. The WTRU of claim 1, wherein the processor is further
configured to receive at least one index, the at least one index
corresponding to at least one of the one or more UL CC sets
and the one or more uplink carriers that comprise the at least
one of the one or more UL CC sets.

4. The WTRU of claim 1, wherein the processor is further
configured to:
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selecting at least one UL CC set;

identifying at least one of the one or more uplink carriers
that are capable of random access channel (RACH) com-
munication for the selected at least one UL CC set;

initiating a RACH communication on at least one of the
identified one or more uplink carriers for the selected at
least one UL CC set; and

receiving a TA value in response to the RACH communi-

cation.

5. The WTRU of claim 4, wherein the processor is further
configured to apply the TA value to each of the one or more
uplink carriers that comprise the selected at least on UL CC
set.

6. The WTRU of claim 5, wherein the TA value is applied
using a Timing Advance Command received in a Random
Access Response message received in response to the RACH
communication.

7. The WTRU of claim 5, wherein the selected at least one
UL CC set has an associated Time Alignment Timer (TAT)
and the processor is further configured to either start the TAT
or restart the TAT.

8. The WTRU of claim 1, wherein the processor is further
configured to:

receive a signal via a downlink carrier, the signal including

a TA value;

identify at least one of the one or more uplink carriers that

is paired with the downlink carrier;
identify at least one of the one or more UL CC sets that
correspond to the at least one of the one or more uplink
carriers that is paired with the downlink carrier; and

apply the TA value to each of the one or more uplink
carriers that comprise the identified at least one of the
one or more UL CC sets.

9. The WTRU of claim 1, wherein the signal includes a
Timing Advance Command Medium Access Control (MAC)
control element.

10. The WTRU of claim 1, wherein the one or more UL CC
sets correspond to respective frequency bands, and the pro-
cessor is further configured to:

receive a signal via a downlink carrier, the signal including

a TA value;

identify a frequency band corresponding to the downlink

carrier;

identify at least one of the one or more UL CC sets whose

respective frequency band corresponds to the frequency
band of the downlink carrier; and

apply the TA value to each of the one or more uplink

carriers that comprise the identified at least one of the
one or more UL CC sets.

11. The WTRU of claim 7, wherein the selected at least one
UL CC setincludes at least one uplink carrier with a dedicated
physical uplink control channel (PUCCH) configuration, and
the processor is further configured to cease transmitting on a
resource corresponding to the PUCCH upon an expiration of
the TAT.

12. The WTRU of claim 7, wherein the selected at least one
UL CC setincludes at least one uplink carrier with a dedicated
physical uplink control channel (PUCCH) configuration, and
the processor is further configured to remove at least a part of
the PUCCH configuration upon an expiration of the TAT.

13. The WTRU of claim 7, wherein the processor is further
configured to remove one or more RACH resources from the
configuration of the selected at least one UL CC set upon an
expiration of the TAT.
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14. A method for establishing timing advance, comprising:

identifying one or more uplink carriers operating on a
wireless communication network; and

determine one or more uplink component carrier sets (UL
CC sets), each of the UL CC sets comprising one or more
of the uplink carriers, each of the one or more uplink
carriers that comprise a respective UL CC set being
capable of operating with the same Timing Advance
(TA).

15. The method of claim 14, further comprising:

selecting at least one UL CC set;

identifying at least one of the one or more uplink carriers
that are capable of random access channel (RACH) com-
munication for the selected at least one UL CC set;

initiating a RACH communication on at least one of the
identified one or more uplink carriers for the selected at
least one UL CC set; and

receiving a TA value in response to the RACH communi-
cation.

16. The method of claim 15, further comprising:

applying the TA value to each of the one or more uplink
carriers that comprise the selected at least on UL CC set;
and

executing at least one of a start or a restart of a Time
Alignment Timer (TAT), the TAT being associated with
the selected at least one UL CC set.

17. The method of claim 15, further comprising;

receiving a signal via a downlink carrier, the signal includ-
ing a TA value;

identifying at least one of the one or more uplink carriers
that is paired with the downlink carrier;

11
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identifying at least one of the one or more UL CC sets that
correspond to the at least one of the one or more uplink
carriers that is paired with the downlink carrier; and
applying the TA value to each of the one or more uplink
carriers that comprise the identified at least one of the
one or more UL CC sets.
18. An evolved Node B (eNodeB), comprising:
a processor, the processor configured, at least in part, to:
identify one or more uplink carriers with which the
eNodeB is capable of operating;
determine one or more indices, each of the one or more
indices corresponding respectively to one or more
uplink component carrier sets (UL CC sets), each of
the UL CC sets comprising one or more of the uplink
carriers, each of the one or more uplink carriers that
comprise a respective UL CC set being capable of
operating with the same Timing Advance (TA); and
transmit the one or more indices.
19. The eNodeB of claim 18, wherein the processor is
further configured to:
receive a RACH communication on at least one of the one
or more uplink carriers that comprise at least one of the
one or more UL CC sets; and
transmit a TA value in response to the RACH communica-
tion, the TA value being applicable to each of the one or
more uplink carriers that comprise the at least one of the
one or more UL CC sets.
20. The eNode B of claim 18, wherein the processor is
further configured to:
transmit a signal, the signal including a TA value and an
indicator, the indicator indicating at least one of the one
or more UL CC sets to which the TA value is applicable.
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