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lay-sensitive transmissions. The method includes
using the at least one first ranking to select a first
component carrier for transmission of uplink con-
trol information, and encoding uplink control infor-
mation into the first component carrier for transmis-
sion to the base station.
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SYSTEM AND METHOD FOR UPLINK CONTROL INFORMATION
TRANSMISSION IN CARRIER AGGREGATION

BACKGROUND
10001} The present embodimenis relate generally fo data transmission in
communication systems and, more specifically, 1o methods and systems for control
information transmission in networks and devices implementing carrier aggregation.
[0002] As used herein, the terms “user equipment” and “UE” can refer to wirsless
devices such as maobile telephones, personal digital assistants {(PDAs), handheld or
laptop computers, and similar devices or other User Agenis ("UA" that have
telecommunications capabilities. In some embodiments, a UE may refer to a mobile,
wireless device. The term "UE" may also refer to devices that have similar capabilities
but that are not generally transportable, such as deskiop computers, set-{op boxes, or
network nodes.
{0003} in  fraditional  wireless  ielecommunications  systems, Iransmission
equipment in a base station or cother network node transmiis signals throughout a
geographical region known as a cell. As technology has evolved, more advanced
equipment has been introduced that can provide services that were not possible
previously. This advanced equipment might include, for example, an evolved universal
terresirial radio access network (E-UTRAN) node B (eNB) rather than a base siation or
other systems and devices that are more highly evolved than the equivalent equipment
in a traditional wireless telecommunications system. Such advanced or next generation
equipment may be referred to hersin as long-term evolution (LTE) equipment, and a
packet-based network that uses such sguipment can be referred o as an evolved
packet system (EPS). Additional improvements to LTE systems and equipment may
result in an LTE advanced (LTE-A) system. As used herein, the phrase “base station”
will refer to any component or network node, such as a traditional base station or an
LTE or LTE-A base station {including eNBs), that can provide a UE with access to other
componants in a telecommunications system.
{00041 in mobile communication systems such as the E-UTRAN, a base station
provides radio access 1o one or more UEs. The base station comprises a packet
scheduler for dynamically scheduling downlink traffic data packe! transmissions and
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allocating uplink traffic data packet transmission resources among all the UEs
communicating with the base station. The functions of the scheduler include, among
others, dividing the available air interface capacity between UEs, deciding the transport
channel to be used for each UE's packet data transmissions, and monitoring packet
aliocation and system load. The scheduler dynamically allocates resources for Physical
Downlink Shared CHannel (PDSCH) and Physical Uplink Shared CHannel (PUSCH)
data transmissions, and sends scheduling information to the UEs through a control
channel.

10005] To facilitate communications, 2 plurality of different communication
channels are established between a base station and a UE including, among other
channels, a Physical Downlink Control Channel (PDCCH).  As the label implies, the
PDCCH is a channel that allows the base station to control a UE during downlink data
communications. To this end, the PDCCH is used to transmit scheduling assignment or
control data packets referred 10 as Downlink Control information (DC) packets 1o the a
UE to indicate scheduling to be used by the UE to receive downlink communication
traffic packets on the PDSCH or transmit uplink communication traffic packets on the
PUSCH or a Physical Uplink Control Channel (PUCCH;) or specific instructions to the
UE {e.g., power control commands, an order {o perform a random access procedure, or
a serni-persistent scheduling activation or deactivation). A separate DCI packet may be
transmitted by the base station to a UE for each traffic packet/sub-frame transmission.
10006] In a wireless communications network, it is generally desirable to provide
high data rate coverage using signals that have a high Signal to interference Plus Noise
ratio {SINR) for UEs serviced by a base station. Typically, only those UEs that are
physically close 1o a base siation can operate with a very high data rate. Also, to
provide high data rate coverage over a large geographical area at a satisfactory SINR, a
large number of base stations are generally required. As the cost of implementing such
a system can be prohibitive, research is being conducted on alternative techniques to
provide wide area, high daia rate service.

[0007] In some cases, carrier aggregation can be used to supporl wider
transmission bandwidths and increase the potential peak data rate for communications
hetween a UE, base siation and/or other network components. In carrier aggregation,
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multiple component carriers are aggregated and may be allocated in a sub-frame 10 a
UE as shown in Fig. 1. Fig. 1 shows carrier aggregation in a communications network
where each component carrier has a bandwidth of 20 MHz and the total system
handwidth is 100 MHz. As illustrated, the available bandwidth 100 is spiit into a plurality
of cariers 102. In this configuration, a UE may receive or transmit on muftiple
component carriers {up to a total of five carriers 102 in the example shown in Fig. 1),
depending on the UE's capabiliies. In soms cases, depending on the network
deployment, each component carrier can have a smaller bandwidth than 20 MHz or
carrier aggregation may occur with carriers 102 lecated in the same band and/or
carriers 102 located in different bands. For example, one carrier 102 may be located at
2 GHz and a second aggregated carrier may be located at 800 MHz.

16008] in many networks, information describing the state or condition of one or
more of the communication channels established between a UE and a base station can
be used to assist a base station in efficiently allocating the most sffective carrier
resources 1o a UE. The state information is referred to as channs! state information
(CSI) and is associated with a particular channel or carrier established between the
base station and the UE. The CSi provides information about the observed (by the UE)
channe! quality on a downlink carrier back 1o the base siation,

10008} Generally, the CS! is communicated to the base station within uplink
control information (UCH. In some cases, in addition to the C8I, UCH contains Hybrid
Automatic Repeat reQuest (HARQ) acknowlsdgment/negative acknowledgement
(ACK/NACK) information in response to PDSCH transmissions on the downlink.
Depending upon the system implementation, the CSI may include the following daia as
channel quality information: Channel Quality Indicator (CQY), Rank indication (R},
and/or Pracoding Matrix indication (PM1). For LTE-A (Rel-10), there may be other types
of channel quality information in addition to the Rel-8 formats listed above. Generally,
the COI assists the base station with selecting an appropriate modulation and coding
scheme (MCS). The Ri provides an indication as to whether the Uk can support one or
multiple spatial multiplexing layers, and the PMI provides information about the
preferred multi-antenna precoding for downlink transmissions.
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10010] In an E-UTRAN Release 8 system, there are generally two approaches for
transmitting UCH in a subframe as illustrated in Figs. 2a and 2b. Figs. 2a and 2b are
Hustrations of exemplary physical resource mapping for transmitting UCH within a
PUCCH and a PUSCH resource, respectively. Genarally, an RB is formed by a number
of Resource Flaments (REs). The REs may be arranged in twelve frequency columns
and fourteen time rows {see Fig. 3, for exampla). Accordingly, each RE corresponds 1o
a particular time/frequency combination. The combination of elements in each time row
can be referred to as a Single Carrier - Frequency Division Muitiple Access (SC-FDMA)
symbol. Various types of data can be communicated in sach RE or combination of
REs. (in Figs. 2a and 2b, elements 101, 108 and 104 sach include a combination of
REs.)

0011} Fig. 2a illustrates the subframe configuration for transmission using the
PUCCH and Fig. 2b shows a PUSCH configuration. Both figures show subframes that
include two slots (Slot 0 and Slot 1) with frequency increasing from the boltom of the RB
to the top. Both figures show a particular subframe n. At any time, a UE may only
transmit UCI on either the PUCCH or PUSCH. As such, only a single one of the
subframe configurations shown in either Fig. 2a or Fig. 2b can be fransmitied by a UE at
a particular time to maintain the single carrier property in uplink,

10012} PUCCH resources are generally located at the edge of the system
bandwidth and different frequency resource is used for Slot 0 and Slot 1 10 achieve
frequency diversity gain. Accordingly, in Fig. 2a, PUCCH block 101 is located at the top
of the RBs, at the highest system bandwidth, and PUCCH block 103 is located at the
bottom of the RBs, ai the lowest system bandwidth. Generally, the precise PUCCH
resource is configured or implicitly mapped using the PDCCH call control element
({CCE) index. Both PUCCH resources 101 and 103 can be used to transmit UCHin the
avallable PUCCH resources as long as the UE does not transmit using the PUSCH
configuration (see Fig. 2b) in the same subirame.

10013 Referring to Fig. 2b, if the UE is tansmitting using the PUSCH in
subframe n, the UC! information may be transmitted within the PUSCH. As shown in
Fig. 2b, PUSCH 104 may occupy a central region of the available system bandwidth,
with the UC! being included within PUSCH 104,



WO 2011/159624 PCT/US2011/040215

{0014] When transmitting the UCH within the PUSCH, the UC! is multiplexed into
the uplink-shared channe! (UL-S8CH). Fig. 3 is an illustration of an exemplary
multiplexing of UCH into the UL-SCH assuming an RB is scheduled for the PUSCH. As
seen in Fig. 3, the coded CQI/PMI bits 110 can be located atl the beginning of the
available PUSCH resources before interleaving. To avoid data punciuring due to CQI
or PMI transmission, the UL-SCH data is rate-matched o be transmitted with the
remaining resources. The coded ACK/NACK bits 112 can be multiplexed with the UL-
SCH data in the channel interleaver by punciuring symbols of the UL-SCH data. The
location of HARG ACIK/NACK symbols 112 is generally next to the SC-FDMA symboils
used as reference signals (RS) 114 to achieve the best channel estimation for HARQ
ACK/NACK bits 112. Rank indication (Rl) bits 116 can be located next o the HARQG
ACK/NACK symbols in the time dimension, but unlike ACK/NACK, the UL-SCH data
may be rate-matched to accommodate Rl resources 116,

{0015] Generally, in a PUSCH transmission, the number of coded symbois for
HARQ-ACK and Ri is calculated using the following equation (1) (see, for example, TS
36.212 Section 5.2.4.1 “3 Generation Partnership Project; Technical Specification
Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA);

Multiplexing and channel coding (Release 8)7 .
1 Y

H

HEN

i i
HE FUSCH —initial 7 PUSCH ik N R T
HE FUSUH LI tEA ) SHEEEEY L0 8
WOM N o
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Equation (1)
0017] in equation {1), O is the number of ACK/NACK bits or rank indicator bits,
M IV g the scheduled bandwidth for PUSCH transmission in the current sub-frame for
the transport block (expressed as a number of subcariers in TS 36.211, “3rd
Generation Partnership Project; Technical Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access (E-UTRA);, Physical channels and

modulation (Release 8)"), AL is an amplitude scaling factor for the PUSCH, and

NPUSCHR e the number of SC-FDMA symbols per subframe for initial PUSCH

symb
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transmission for the same transport block given by y - JZR’VLJ% ~_ﬂ-}\,TSRS}, where

8y b 7

N is equal to 1 if the UE is configured to send PUSCH and SR8 in the same

subframe for initial transmission or if the PUSCH resource allocation for initial
transmission overlaps, even partially, with the cell specific SRS subframe and
bandwidth configuration defined in Section 553 of TS 38.211, “3rd Generation
Partnership Project; Technical Specification Group Radio Access Network; Evolved
Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation

(Release 8)". Otherwise N, is equalto 0. M7 ¢ and K, can be oblained

from the initial PDCCH for the same transport block. Accordingly, equation (1) defines a
minimum number of HARQ ACK/NACK bits to be encoded within a PUSCH subframe.
10018} Generally, the actual number of coded symbols for channel gualily
information (CQI and/or PMI) can be determined using equation (2) (ses, for exampis,
TS 36212 in Section 52.4.1 3¢ Generation Parinership Project; Technical
Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access
(E-UTRA); Multiplexing and channel coding (Release 8)'):

o
2
H
N
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o ¢ PUSCH ~inisial g PUSCH ~initial g PUSCH
WO+ LYy M N B otter

EQ@"E QE Qr — §!§<fl‘s§ 4 - =¥ symb #offser M :;US.’(,L-‘{ N :“:\\;{; m g_ig“ E
Equation {2)

{0020] tn equation (2), O is the number of CQI bits, L is the number of cyclic
redundancy check (CRC) bits given by L:JO O=i Qe =0, Q" and

{8 otherwise
[ L5 = gl 1, respectively, where S, may be determined according lo TS 38.213,
“3rd Generation Parinership Project; Technical Specification Group Radic Access
Network, Evolved Universal Terrestrial Radic Access (E-UTRA), Physical layer
procedures (Release 8)". If a rank indicator is not transmitied, then @, =0.
prosci-niist 0 and K can be obtained from the initial PDCCH for the same transport

biack.
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1002131 in E-UTRAN Release 8 systems, multiple applications supported in a Uk
can have different quality of service (QoS) requirements. For example, VoIP service
may require a smaller delay requirement, while file transfer protocol {FTP) applications
may be more tolerant of delays. To support different QoS, different radio bearers may
be configured and each bearer may be associated with a particular GoS.

00221 On the uplink channels, each radio bearer maps onto a separate logical
channel. Fig. 4 is an Hustration showing the mapping from various uplink radio bearers,
to uplink logical channels, to uplink transport channels, and, finally, to uplink physical
channels. Referring to Fig. 4, Signaling Radic Bearsrs (SRBs) 150 can carry control
plane signaling messages. For example, SREB0 may correspond to the Commaon
Control CHannel (CCCH) that is used only when a UE does not have a regular
connection with a DCCH (Dedicated Control CHannel). The other two SRBs 150 may
map 1o separate DCCHs after a connection has been established, for example. SRB1
can be used to carry conirol-plane messages originating from radio resource
configuration (ARC), and SRB2 can used to cary encapsulated control-plane
messages originating from the non-access stratum (NAS), Data Radic Bearers {DRBs)
152 can carry user-plane traffic. A separate Dedicated Traffic CHannel (DTCH) may he
set up for each active DRB.

{0023] in Fig. 4, each of the uplink logical channels map to the UL-8CH 154 at
the transport channel level, which in turn maps to the PUSCH 156 al the physical
channel level. Separately, the Random Access CHannel (RACH) 158 transport channel
maps to the Physical RACH (PRACH) 160 for performing random accesses, and the
PUCCH physical channel 162 carries physical layer signaling to the base station.

{0024] Additionally, the UE may transmit medium access control (MAC) control
glements (MAC CE) on the uplink channel to communicate control signaling 1o the base
station. MAC control elements can be short {e.g., a few bytes) signaling messages that
are included within a MAC Protocol Data Unit (PDU) that is ransmitied on the uplink to
the base station. For example, Rel-8 MAC control elements may include a Cell Radio
Network Temporary ldentifier (C-RNTI) MAC CE, a Buffer Status Report (BSR) MAC
CE, and a Power Headroom Report (PHR) MAC CE.
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{0025} MAC CEs (if appropriate) may first be scheduled into any new uplink
transmission allocation. Generally, MAC CEs have a higher priority than logical channel
wraffic (8.g., from a DCCH or DTCH), with the exception of a Padding BSR. UL-CCCH
traffic {e.g., from SRB0) may also have higher priority than MAC control elements.
[0026] in Release 8, UC! can be transmitted on either the PUCCH or PUSCH
depending on whether PUSCH resources for UL-SCH transmission are scheduled and
available. In newer network implementations providing carrier aggregation, however, &
UE may be scheduled to transmit PUSCH on multiple uplink carriers simultansously to
increase the peak data rate. In some network implementations, however, only a single
carrier may be allocated for UCH transmissions within the PUCCH from a UE. In that
case, a single UE-specific UL component carrier (CC) is configured semi-statically for
carrying PUCCH UCH from 2 UE. In such an implemeantation, only one UL CC i
configured to transmit PUCCH for UCH transmission even though multiple UL CCs are
configured to transmit data with PUSCHs. This may reduce UE hattery power
consumption by turning on only a single carrier for control signaling. In addition, it may
be beneficial 1o reduce the control signaling overhead because only a single transmit
power control (TPC) command is sufficient 1o control PUCCH power.

100271 In some cases, simultanecus fransmission of UCI and data may alsc be
supported in a network. In that case, UCH may be transmitied on the PUCCH along with
PUSCH for data fransmission. In such an implementation, the single carrier property
can be relaxed with the introduction of clustered Discrete Fourier Transform - Spread
Orthogonal Frequency Division Multiplexing (DFT-S-OFDM), for example. in such an
implementation, however, simuitaneous transmission of PUCCH and PUSCH may
cause larger radio emissions due to the inter-modulation between PUCCH and PUSCH
sspecially within a carder - it is fikely that the transmit power difference between
PUCCH and PUSCH is relatively large dus to the different data rates.

{0028] Generally, in newer networks, the payload of UC! is expected to be larger
than that of Release 8 because LTE-A UEs may support DL transmission on multiple
DL carriers because CQUPMURI fesdback for each of the available carriers will be
communicated to the base station by the UE and HARQ ACK-NACK feedback for each
of the scheduled carriers will be required. As such, the payload of UCH could increase
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linearly with the number of active DL carriers. For example, in Release 8, the number of
HARQ-ACK bits is generally 1 bit or 2 bits for Frequency Division Duplexing (FDD) and
1-4 bits for Time Division Duplexing (TDD). Table 1 shows the required bits for HARQ-
ACK data depending upon the number of scheduled downlink carriers and the number
of code words. The valuss are calculated assuming ACK, NACK and DTX indications
are required for each carrier because PDCCHs are separately fransmitied o schedule
PDSCH on multiple carters. In the case of two code words, five indication values are
required as ACK/NACK for first codeword, ACK/NACK for second codeword and DTX
for PDCCH misdetection. That is, the UF needs fo be able to signal the following five
different states for the case of two code words {(A=ACK, N=NACK): (A4}, (AN}, (N.A),
(NN, and DTX. As shown in Table 1, as the number of carriers increasses, so does the
numbers of bits required for each codeword, whether the codeword is a double or single

codeword.
Number of carriers 2 3 4 |5
Two code words ” ﬁog 4t ﬂ 5 7 10 12
, 5" -1
Single codeword g3 -1l |2 5 7 8
Tabis 1
(00281 A result of an increase in UC! data to be transmiited by the UE is 1o

reduce the available UL-SCH resources for data transmission due to rate matching or
puncturing in a transmission, This is particularly true for HARG-ACK transmissions,
where puncturing may be prevalent. To minimize the reduction of the available UL-SCH
resources due 1o the UCH the base station can increase the PUSCH resources. If, for
example, UC! is transmitted within the PUSCH and the PUSCH resource is dynamicaily
scheduled for the initial transmission the PUSCH resources can be increased to
accommodate the resources for the UCH transmission. However, if UCH needs to be
wransmitted within the PUSCH for the re-ransmission of UL-SCH data or semi-
persistently scheduled PUSCH resources, it may be difficult to increase the PUSCH
resources. In this case, it may be necessary to retransmit the data because the

8
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transmission with the UC!H may not be successfully received due to the puncturing

losses caused by the UC! transmission. The increased number of transmissions may

not be detrimental if the data is not delay-sensitive, e.g., FTP or TCP P data. But the

increased number of transmissions may negatively affect the performance of delay-

sensitive data, e.g., VolP or MAC signaling {e.g., MAC control element), or RRC

signaling messages that include measurement reports, or other high priority data traffic.
BRIEF DESCRIPTION OF THE DRAWINGS

100301 For a more complete understanding of this disclosure, reference is now

made to the following brief description, taken in connection with the accompanying

drawings and detailed description, wherein like reference numerals represent fike parts.

10031} Fig. 1 shows carrier aggregation in a communications network where each

component carrier has a bandwidth of 20 MHz and the total system bandwidth is 100

MHZz;

100323 Figs. 2a and 2b are illustrations of exemplary physical resource mapping

for transmitting UC!H within & PUCCH and a PUSCH, respectively;

10033 Fig. 3 is an illustration of an exemplary multiplexing of UCI data into the

UL-SCH showing an RB containing REs;

0034} Fig. 4 is an illustration showing the mapping from various uplink radio

nearers, 1o uplink logical channels, 1o uplink transport channels, and, finaily, 1o uplink

physical channels;

{0035] Figs. 5a, 5b, and Sc are illustrations of exemplary collections of CCs

allocated to a particular UE and showing how the UE is configured o select particular

CCs of the set of available CCs for UCH transmissions;

[0038] Fig. 6 illustrates steps in a method for the UE to select ong or more UL

CCs for UCH transmission;

10037} Fig. 7 is an illusiration of an example subframe showing candidate

locations for an increased number of HARG-ACK symbols;

10038} Fig. 7A is an Hustration of an example subframe showing UCI

transmission in clustered DFT-8-0OFDM, in which two clusters are allocated for PUSCH

transmission and ACK/NACK or Ri may be distributed over the two clusters;

10
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[0039] Fig. 8 is a diagram of a wirsless communications system including a UE
operable for some of the various embodiments of the disclosure;
[0040] Fig. 9 is a block diagram of a UE operable for some of the various
gmbodimeants of the disclosure;
16041} Fig. 10 is a diagram of a software environment that may be implemented
on a UF operable for some of the various embodiments of the disclosure; and
{0042} Fig. 11 is an illustrative general purpose computer sysiem suitable for
some of the various embodiments of the disclosure.

DETAILED DESCRIPTION
[0043] The present embodiments relate generally to data transmission in
communication systems and, more specifically, 1o methods and systems for control
information transmission in networks and devices implementing carrier aggregation.
(0044} Some embodiments include a method for communicating uplink control
information to a base station using a user equipment. The method includes identifying
component carriers on the user equipment scheduled for Physical Uplink Shared
CHannel (PUSCH) transmissions, and identifying at least one first ranking for each of
the component carriers for transmission of uplink control information. Each first ranking
is at least partially determined by whether the component carrier is configured for delay-
sensitive transmissions. The method includes using the at least one first ranking to
select a first component carrier for transmission of uplink control information, and
ancoding uplink control information into the first component carrier for trangmission to
the base station.
[0045] Other embodiments include a method for communicating uplink control
information 1o a base station using a user equipment. The method includes identitying
component carriers on the user equipment scheduled for Physical Uplink Shared
CHannel (PUSCH) transmissions. When one or more of the component carriers is
configured for non-delay-sensitive transmissions, the method includes identifying one or
more of the component carriers that are configured for non-delay-sensitive
transmissions, and selecting a first component carrigr from the one or more of the
component carriers for transmission of uplink controf information. The method includes

11
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encoding uplink control information into the first component carrier for transmission o
the base station.

[0048] Other embodiments include a method for allocating Hybrid Automatic
Repeat reQuest (HARQ) acknowledgement/negative-acknowledgement {HARG
ACK/NACK) symbols on a physical uplink shared channel (PUSCH). The method
includes identifying a first number of allocated symbols for HARQ ACK/NACK
transmission within & PUSCH subframe. The method includes, when implementing
carrier aggregation, increasing & number of allocated symbols for HARQ ACK/MNACK
transmission, and using the increased number of allocated symbols fo transmit HARQ
ACK/NACK data within the PUSCH subframe.

[0047] Other embodiments include a method for communicating uplink control
information to a base station using a user equipment. The method includes determining
a puncturing ratio of a first physical uplink shared channel (PUSCH) subframe. The
puncturing ratio identifies a ratio of symbols in the PUSCH subframe allocated for uplink
control information to symbols in the PUSCH subframe allocated for uplink shared
channal (UL-SCH) data. When the puncturing ratio is greater than a thrashold, the
method includes reducing an amount of uplink shared channe! (UL-8CH) data encoded
in the PUSCH subframe.

[0048] Other embodiments include a user eguipment including a processor
configured to identify component carriers on the user equipment scheduled for Physical
Uplink Shared CHannel (PUSCH) transmissions, and identify at least one firgt ranking
for each of the component carriers for transmission of uplink control information.  Each
first ranking s at least partially determined by whether the component carrier is
configured for delay-sensitive fransmissions. The processor is configured 1o use the at
least one first ranking to select a first component carrier for transmission of uplink
control information, and encode uplink control information into the first component
carrier for transmission 1o a base siation.

{0049] Other embodiments include a user equipment including a processor
configured to identify component carriers on the user equipment scheduled for Physical
Uplink Shared CHanne! (PUSCH) fransmissions. When one 0or more of the component

carriers is configured for non-delay-sensitive fransmissions, the processor is configured
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to identify one or more of the component carriers that are configured for non-delay-
sensitive fransmissions, and select a first component carrier from the one or more of the
component carrers for transmission of uplink control information. The processor is
configured to encode uplink control information into the first component carrier for
transmission to a base siation.

[6050] To the accomplishment of the foregoing and related ends, the invention,
then, comprises ihe features hereinafier fully described. The following description and
the annexed drawings set forth in detail certain illustrative aspects of the invention.
However, these aspects are indicative of but a few of the various ways in which the
principles of the invention can be employed. Other aspects and novel features of the
invention will become apparent from the following detailed description of the invention
when considerad in conjunction with the drawings.

(0051} The various aspects of the subject invention are now described with
reference 1o the annexed drawings, wherein like numerals refer to fike or corresponding
elements throughout. it shouid be understood, however, that the drawings and detailed
description relating thereto are not intended to limit the claimed subject matier fo the
particular form disclosed. Rather, the intention is to cover all modifications, equivalents,
and alternatives failing within the spirit and scope of the claimed subject matter.

[0052] As used herein, the terms “component,” "system” and the like are intended
to refer to a computer-related entity, either hardware, a combination of hardware and
software, software, or software in execution. For example, a component may be, but is
not fimited to Deing, & Process running on @ Processor, @ Processor, an object, an
executable, a thread of execution, a program, and/or a computer. By way of Hiustration,
both an application running on a computer and the computer can be a component. One
or more components may reside within a process and/or thread of execution and a
component may be localized on one computer and/or distributed between two or more
computers.

{0083} The word “exemplary” is used herein to mean serving as an example,
instance, or illustration. Any aspect or design described herein as “exemplary” is not
necessarily 1o be construed as preferred or advantageous over other aspedts or
designs.

13



WO 2011/159624 PCT/US2011/040215

10054] Furthermore, the disclosed subject matter may be implemented as a
system, method, apparatus, or article of manufacture using standard programming
and/or enginesring technigues to produce software, firmware, hardware, or any
combination thereof to control a computer or processor based device to implement
aspects detailed herein. The term “article of manufacture” (or alternatively, “computer
program product”) as used hersin is intended to encompass a computer program
accessible from any computer-readable device, carrier, or media. For example,
computer readable media can include but are not limited to magnetic storage devices
{e.g., hard disk, floppy disk, magnetic strips . . . ), optical disks {e.g., compact disk {CD},
digital versatite disk (DVD) . . . ), smart cards, and flash memory devices {e.g., card,
stick). Additionally it should be appreciated that a carrier wave can be empioyed o
carry computer-readable electronic data such as those used in transmitting and
receiving electronic mail or in accessing a network such as the Internet or a local area
network (LAN). Of course, those skilled in the art will recognize many modifications
may be made o this configuration without departing from the scope of gpirit of the
claimed subject matter,

{0055] in LTE-A, a UE can transmit UL data over multiple UL CCs dependent
upon base station configuration and UE capability. For each UE, a number of available
UL CCs can be configured when the UE is connected to a base station. The PUSCH
resources that occur within each of the avallable CCs can then be allocated by UL
grants dynamically transmitted by the base station to the UE or through a semi-
persistent scheduling (SP8) allocation similar to Release 8.

[0056] When multiple UL CCs are aliocaied to a UE in a subframe and LG
needs to be transmitted, the UCH may be transmitted using any of the scheduled CCs.
Although any of the available UL CCs (a.g., UCI for each UL CC is transimitted to the
base station using that particular CC) may be used, it is not generally desirable 10 do 80
if the UL CCs transmit data using different QoS settings. Differing Qo8 results in
varying levels of puncture loss in each transmission. i a particuiar CC is used to
transmit delay-sensitive data, by transmitting UCH using that CC, significant puncluring
may resuil. t is important to avoid puncluring losses in delay-sensitive

communications, however, as the losses can result in delay due to data re-transmission
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resulting from the punciuring. Accordingly, it may be preferable to transmit UCH using
particutar ones of the available UL CCs that are configured io carry non-delay-sensitive
data.

{0057} in the present system, a UE is configured to transmit UCH using CCs that
do not carry delay-sensitive data when multiple UL CCs are aflocated to transmit
PUSCHSs. As such, the UE can avoid transmitting UC!H using CCs that are configurad for
high-QoS communications.  In one implementation, delay-sensitive transmissions
include 1) those using resources alliocated by semi-persistent scheduling (8PS, 2)
Signaling Radio Bearer {SRB) transmissions, 8.g., SRBY, 3} MAG CE transmissions,
and 4) other high priority traffic. Generally, therefore, the UE avoids using CCs that
require low delay, such as CCs transmiting data with a particular CQ index. For
example, the UE may avoid CCs, as defined in the TS 23.203 v 8.9.0, that have a CQl
index of 3 for which the delay budget is 50ms.

10058] As an example, Figs. 8a, 5b, and 5c are illustrations of gxemplary
collections of COs allocated 1o a particular UE and showing how the UE is configured to
select particular CCs of the set of available CCs for UCH transmissions. In Fig. 5a, two
carriers, CC1 and CCS, are activated on the UE and are scheduled o transmit PUSCH1
and PUSCHZ, respectively. Either PUSCH1 or PUSCH2 can be used for the
transmission of UCH but PUSCHY is aliocated for SPS while PUSCH2Z is allocated by
dynamic grant. Therefore, there is a high likelihood that the SPS resources will be used
to transmit data requiring a semi-siatic data rate {e.g., VoIP} and requiring minimal
delay {i.e., delay-sensitive communications). As such, in the present system, the UE is
configured avoid transmitting the UCH using PUSCH1. Instead, the UE transmits the
UO! using PUSCH2. Although the inclusion of UGH in PUSCHZ may resuit in puncturing
of data included within PUSCH2, because PUSCH2 is less likely than PUSCHT 1o
transmit delay-sensitive data (PUSCH2 is not allocated for SPS}, a re-transrnission of
the PUSCH? data is more acceptable than a retransmission of the PUSCH1 data.
10059] in Fig. 5b three carriers, CC1, CC3, and CC4, are aliocated to the UE and
are scheduled to transmit PUSCH1, PUSCH2 and PUSCHS, respectively. PUSCH1 I8
allocated for SPS, while PUSCH2 and PUSCHS are both allocated by dynamic grant.
Generally, there is a high likelihood that the SPS resource will be used 1o fransmit data
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requiring a semi-static data rate (e.g., YolP} and with tight delay requirements.
Accordingly, the UE is configured 1o avold retransmissions of PUSCHT. Similarly, as
PUSCH? transmits SRB which need 1o be delivered without delay, the UE is configured
to avoid retransmissions of PUSCH2. Accordingly, in the present system, the UE is
configured to transmit the UC! in PUSCHS which is aflocated by dynamic grant and, in
this example, is configured to transmit DRBs.

[0060] in Fig. 5¢, four carriers, CC1, CC3, CC4, and CCS, are allocated 10 the UE
and scheduled to transmit PUSCHT, PUSCH2, PUSCH3 and PUSCHS4, respectively.
PUSCH1 is allocated for SPS, while PUSCH2 and PUSCH3 are both allocated by
dynamic grant. Generally, there is a high likelihood that the 8PS resource will be used
to transmit data requiring a semi-static data rate (e.g., VoIP) and with stringent delay
requirements. Accordingly, the UE is configured to avoid retransmissions of PUSCHT.
Similarly, as PUSCH2 transmits SRB which need to be delivered without delays, the Uk
is configured to avoid retransmissions of PUSCH2. PUSCHS3 and PUSCH4 are both
allocated by dynamic grant and, therefore, may carry communications more tolerant of
delay. In this example, because there are two UL CCs aliocated by dynamic grant and
used to transmit normal DRBs, the UE is configured to transmit UCH in either PUSCH3
or PUSCH4. For example, the UE may select a single one of PUSCHS and PUSCH4
for the transmission of UC! {(in Fig. 5¢, the UCH is only transmitled in PUSCH4).
Alternatively, the UC! can be distributed across both PUSCHS and PUSCH4.

[0061] When only a single PUSCH carrier is allocated to the UE and is available
for UCH ransmission, puncturing losses may be unavoidable. If the puncturing logs is
severe and happens often, the base siation may consider other ways 10 reduce the
HARQG delay. For sxample, a more conservative MCS can be selected for the low-
delay-requirement data. A conservative MCS, however, may require additional radio
resources 1o achieve the same information bit rate. Therefors, it would not be efficient
in terms of resource utilization given that UC! is not always transmitied whenaver
PUSCH is transmitted. That is, when UCH is not transmitted, a non-punciured PUSCH
ransmission with an overly conservative MCS would represent an inefficient use of the
cell's uplink radio resources that could have otherwise besn assigned 10 othar Uks.
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10062] in some cases, the base station indicates a carrier ranking to the UE
allowing the UE to select the most appropriate CC for UCH transmissions. The ranking
may define which CC has a higher priority for UC! transmission when mulliple carriers
are scheduled for PUSCH fransmission. To minimize the problems described above,
for sxample, CCs that are used for delay-sensitive data will be allocated a priority that
prevents {or minimizes) UC! transmission on those CCs. Assurming the base station is
aware of which CCs, if any, transmit 8PS and which CCs transmit SRB, the base
station can generate a priority listing minimizing the transmission of UCI using the 8PS
OCs. The carrier ranking information can then be signaled by higher layer or L1/2
signaling {e.g., MAC CE) to the UE, for example.

10063} Table 2 shows example carier ranking Information for UG! transmissions.
in Table 2, each carrier is assigned different ranking values for each of three different
example configurations. In this implementation, a lower ranking value means the CCis
more fikely to be selected for transmitting UCH, but other ranking orderings may be used.
Therefore, when multiple CCs are aliocated, the UE first selects a carrier having the
lower ranking value in order 1o transmit UCL If that carrier is unavailable, the UE can
then select an alternative carrier with the next higher {or the same) priority.

{00643 in one example, a UE is allccated CC1 and CC3 (see, for exampile, Fig.
5a) for UC! transmissions and selects a CC for UCH based upon Configuration 1 of
Table 2. In Configuration 1, CC3 has a lower ranking than CC1 (a value of 3 versus 4,
respectively).  Accordingly, the UE is configured to select CC3 for UGCH fransmission
initially.

[00865] in another example, a UE is allocated CC1, CC3, CC4, and CCB {zee, for
example, Fig. 5c¢) for UCI transmissions and selects a CC for UCH based upon
Configuration 1 of Table 2. In Configuration 1, the UE will select CC4 for UCH
transmission because CC4 has the lowest ranking for UC! transmission among the
other scheduled (and allowed) CCs (i.e., CC1, CC3, CC4 and CC5).
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B Configuration 1 | Configuration 2 | Configuration 3
CCi 4 3 Not Allowed
cee 5 13 Not Allowed
e 5 e 3
cc4 1 1 1
CCs - 1 2
Table 2
100686} in some cases, the same ranking can be defined for different CUs (see,

for example, CC1 and CC2 in Configuration 2 of Table 2 as well as CC4 and CCS in
Configuration 2). When two CCs are assigned the same ranking, the UE may be
configured to use either CC to transmit UCH based upon a predefined rule or algorithm,
or transmit the UCH on both carriers. The predsfined rule or algorithm can be based on
the CC index value, for example. When multiple CCs of the same priority ranking are
scheduled, the UE can select the CC with the lowest (or highest) CC index to transmit
UCH

10067] Alternatively, the ranking value may not be available for some CCs or the
CCs may be unauthorized for transmission of UGH (ses, for example, CC1 and COZ of
Configuration 3 of Table 2). f a CC is not allocated a ranking value, that may indicate
that UC! fransmission in that particular PUSCH is banned. In that case, when the anly
scheduted carrers are not allocated rankings (e.g., camiers CG1 and CC2 in
configuration 3 of Table 2), the UE may drop UC transmission or transmit using the
PUCCH resource only.

{0068] The present carrier ranking can also be defined via an implicit method
without any exira over-the-air signaling. For example, carriers could be ranked in
ascending or descending order by other parameiers, 8.g., carer frequency, sysiem
bandwidihs, scheduled number of RBs, transport block size, MOCS level, etc. Seguential
ranking according to the CC index or linked to other GC parameters may also be used
to rank the CCs. Furthermore, the ranking may be implicitly defined by the received UL
grants.
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16089] The present carrier ranking may also be used to define different carrier
rankings for each of the UL-SCH data types available on each carrier, As an example,
Table 3 shows an example camier ranking for SRB transmission and MAC CE
transmission. In this example, the CC rankings for the CCs when transmitling 8RB or
MAC CE are almost the reverse order of the CC rankings when transmitting UCL

SRB MAC CEs UGt

e TR— . 5 —
S8 Py 1 i

CC3 1 2 R

S PR i e
SEE P 5 g

Table 3
16070} Depending upon the system implementation, the base station may only

signal rankings to the UE for one or more of the UL-SCH data types. For example, the
base station may only signal the carrier ranking for SRB and MAC CE 1o the UE. Then,
based upon the rankings for SAB and MAC CE, the carrier ranking for UCI is then
implicitly derived, for example, based on reverse order of the canier ranking of
SRB/MAC CE, for example, by subtracting each priority ranking from the maximum
priority value. For example, if the ranking for SRB or MAC CE for a first CU is 2, and
the maximum possible ranking value is &, the ranking for UC! would be 5-2 or 3.

[0071] In some cases, the radio conditions of different CCs may also be
considerad by the UE for scheduling. For example, for the SRB transmissions, i CC3
has peor radio conditions at a particular tims, while at the same time, CC1 has betier
radio conditions, the UE may be configured to use CC1 for SRB transmissions,
Therefore, Table 3 may be used by the UE only for relative preferential selection of CC
for SRB traffic. Since a logical channel ID may be included for sach MAC SDU
contained within 2 MAC PDU, the MAC entity at the base station may be able to
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correctly extract SRB ftraffic from whichever MAC PDU(s) the UE placed the SHB
message(s) into, with no increase in complexity for the base station.

[0072] When the UE is scheduled to transmil simultaneously on multiple uplink
carriers, there may be a separate MAC PDU for each scheduled carrier. The UE may
take into consideration the radio condition of the scheduled CCs and the carrier ranking
for sending UC! when selecting upon which CC to transmit SRB. Generally, the CO
chosen 1o transmit SRE is different from the CC chosen 1o transmit UCH based on the
UC! carrier-ranking rule instructed by the base station and should have the best rachio
condition among the schedulad CCs.

106073} in some cases, if the CC transmiting UC! is variable depending on
channe! situation, the base station may have 1o perform blind decoding to know which
UL CC includes UCH  Altemnatively, if the scheduled MCS or the amount of frequency
resources consumed is used as one way of considering the radio condition, the base
station and the UE are generally aware of UL CC for UCH exactly and, therefore, blind
decoding for UCH may not be needed.

{0074] The carier ranking iables shown in Table 2 and Table 3 are only
examples. The carrier ranking could be updated with rules that use other factors. For
axample, when the number of configured CCs changes, the carrier ranking could be
updated and signaled to the UE. This carrier ranking could be carried in the RRC
message reconfiguring the carriers, or in a MAC control element {possibly the same
MAC control element as is used 0 activale or deactivate specific carriers).
Alternatively, when a UL CC is added to the configured set of UL CCs of a UE via
signaling such as RRC signaling, the carrier ranking of the newly added CC may also
be provided in the RRC signaling.

18075] Alternatively, the carrier ranking of UCH is configured, while the carrier
ranking of delay-sensitive data is not configured. in this case, the UE can select UL
COs transmitting delay-sensitive data as UL CCs not transmitiing UGL  For gxample,
when CC1, CC4 and CC5 are scheduled, the UE selects CC4 for UCH transmission i
the carrier ranking is configured the same as Configuration 1 in Tabie 2. The UE can
select one of CO1 and CC5 to transmit delay-sensitive data. Among all the scheduled
UL CCs not transmitting UCH, the UL CC used to transmit MAC CE can be selecied
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based on a predefined rule, using parameters such as the order of carrier index, MCS
or bandwidih.

10076} in another implementation, the carrer ranking of UC! is configured, while
the carrier ranking of delay-sensitive data is not configured. In that case, the granted
resources of the scheduled UL CCs may be ordered such that the resources of the UL
CC selected for UCH transmission are placed last or placed such that it is not the first
scheduled UL CC in the order. The UE may then perform logical channel and MAC CE
prioritization on the ordered UL resources across the scheduled UL CCs when deciding
how to map the logical channe! traffic and MAC CE on to the scheduled UL CCs. For
example, when CC1, 0C4 and CC5 are scheduled, the UE selects CC4 for UGH
ransmission if the carrier ranking is configured the same as Configuration 1 in Table 2.
The UE orders the granted resources of these three scheduled CCs such that UL
resources of CC4 are placed last. For example, the granted UL resources may be
ordered as follows:; resources for CC1, followed by rasources for CCB, followed by
resources for CC4, such that the UE performs logical channel and MAC CE prioritization
following this order when mapping the logical channel traffic and MAC CE to the
resources across the scheduled UL CCs,

0077} As another embodiment 1o the carrier ranking procedures described
above, in order to avoid a relatively large puncturing toss, if a UL CC is scheduled with a
smaller number of physical resource blocks (PRBs) than a certain PRB threshold, then
that UL COC could be precluded from transmitting UCL  In some embodiments, the UL
CC may be preciuded from transmitting UC! even if the UL CC has a higher ranking for
ransmiting UCH relative to other UL CCs.  In other words, the UGH might not be
wansmitted on a UL CC. instead, the next available UL CC with the highest carrier
ranking might be used to transmit UCL. The PRB threshoid may be pra-definad or
configured by higher layer signaling. In an embadiment, different PRB thresholds may
be configured for each UL CC.

{0078] in the case of using a predefined PRB threshold, because the UC! size
could vary depending on the number of scheduted DL CCs or activated DL CCs, the
PRE threshold may be defined with respect to the actual UC! transmission. Several
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alternatives exist with respect to defining the PRB threshold with respect to the actual
UCH transmission.

[0079] in one alternative, the PRB threshold may be decided based on the
number of coded symbols required or desired for UCL For a relatively small number of
coded symbols required or desired for UCH a small number of PRBs may be defined as
the PRB thrashold.

{0080} in ancther alternative, the PRB threshold may be decided based on the
number of DL CCs requiring UCH with respect to active DL CCs or configured DL CCs.
Because UC! information may be defined per DL CC, the overall size of a UCI
wansmission might be linearly dependent on the number of DL CCs requiring UCHL
Because UC! with a smalt number of DL CCs could cause a small puncturing loss, the
PRB threshold may be lower relative to the case when a larger number of DL CCs is
activated or configured. Thus, an embodiment for deciding the PRB threshold may be
to define an averaged PRB threshold on a per CC basis. The total PRB threshold could
be a linear scaling of this average PRB threshold.

oosil in still another alternative, the PRB threshold is decided based on the
characteristic of UG transmission.  For example, the PRB threshold for HARQ
ACK/NACK may be defined differently from the threshold used for CQIPMI/RL

10082} As another embodiment to the carrier ranking procedures dascribed
above, a certain UL CC could be preciuded from being used as a UCH CC based on the
configured transmission mode of the UL CC, even if that UL CC has a highser ranking for
ransmitting UCL  For example, if a UL CC is configured with a single antenna port
mode, this UL CC could be precluded from transmitting UC! because the puncturing
loss might be more significant compared to UL CCs configured to use a multiple
antenna port transmission mode {(where up 10 two transport blocks could be
transmitted).  Such preciusion could be temporary based on the currently configured
transmission mode.

[0083] in ail of the above cases, the same rule for selecting the UCH CC might bs
applied at both the UE transmitier and the base station receiver. Thus, for this
smbodiment, the base station may know on which UL CC to expect a particular UCI
transmission.
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10084} In some implementations, the UE selects the most appropriate CC for UCH
transmission using an implicit algorithm.  The algorithm is based upon the following
information of which the UE is aware. First, the UE knows which CC is configured o
support SP3. As one UL CC will be used for 5PS when the configuration related to
SPS is signaled, the UE should be signaled with UL CC information for 8PS, The exact
carrier information may be signaled, or, alternatively, it is also possible for the UL 8PS
transmissions to occur on the same UL CC as the UL CC that transmils PUCCH.

[0085] Second, the UE knows the carrier ordering or rankings for SRB
ransmissions. There are a number of possible approaches for indicating fo the UE the
carrier(s) allocated for transmitting SRB data, One approach is 1o explicitly signal the
carrier ordering {e.g., using a carrier-ranking table such as Table 3 above). The other
approach is to implicitly determine a logical channel priority ordering based upon a
predetermined algorithm. In this approach, each carrier may have a different priority for
logical channels. Carrier ordering for SRB transmission can be decided by referring 1o
the logical channel priority corresponding 1o the SRB iogical channels.

[0086] Third, the UE knows a carrier order for MAC CE transmission. In a simitar
manner as for SRE transmissions, the UE may know the carrier order for MAC CE
transmission by explicit signaling from the base station. Afternatively, the carrier order
may be determined based upon a predetermined algorithm.

00871 Fourth, the UE knows of a carrier 1o be used for other low-delay data
transmission (8.¢., linked via the QCl index). The UE may be aware of the QC1 index of
the logical channel and, hence, can determine which CC is preferred for the
transmission of UG The QOCI may be signaled by higher layer signaling.

[008s] Given this information, Fig. 6 llustrates steps in a method for the UE 1o
select one or more UL CCs for UC! transmission. In step 200, the UE checks whether
multiple UL CCs have been scheduled. fonly a single PUSCH CC is scheduled, the
UE selects that UL CC in step 201 and transmits UC! using that UL CC in step 202 as
there is no other PUSCH CC to select. If only a single PUSCH CC is scheduled and
this CO is used to transmit SPS or other high QoS RBs, the UE may be configured 1o
drop the UCH transmission if the puncturing ratio exceeds a predefined threshold.

23



WO 2011/159624 PCT/US2011/040215

{0089} if, at step 200, the UE determines thal muitiple UL CCs have been
scheduled, the UE checks whether any of the UL CCs are available UL CCs in step
204. The available UL CC(s) may be defined to only include UL CG(s) that are
allocated by dynamic grant and that do not transmit SRB or MAC CE, for example.
[0080] if there Is no available UL CC, the UE selects one of the UL CCs among
the scheduled UL CCs using a predefined selection rule in step 206. For example, the
UE may select the CC having the lowest index. As an alternative, a priority for 8PS,
SRB and MAC CE can be defined as described above (ses, for example, Table 3} and
the CC having the lowest priority can be selected. In general, for example, VoIP
transmitted in SPS resource o other real-time services and SRB have a higher priorily
than MAC CE 1o minimize delay. Afler selecting the CC, the UCH is included in the UL
CC in step 202.

0091} Finally, if there are available UL CCs, the UE selects one CC from the set
of available UL CCs in step 208 and, in step 202, includes the UG in the selected CC.
(0092} As another alternative for using implict signaling as described above, In

order to avoid a relatively large puncturing loss, if a UL CC is scheduled with & smaller
number of physical resource blocks (PRBs) than a certain PRB threshold, then that UL
CC could be precluded from transmitiing UCL  In other words, UCH may not be
fransmittad on a given UL CC if a PRB threshold is not met. Instead, the next available
UL CC may be used to transmit UCH based on implicit selection. This threshold may be
pre-defined in a similar manner to that described above with respect to carrier ranking,
or may be configured by higher layer signaling. In an embodiment, different thresholds
may be configured per UL CC.

{0083} As ancther alternative to the implicit signaling methods described above,
one or more additional parameters may be considered when the UE selscts UCH CC
with the implicit method. An exemplary parameter that may be considered when using
implicit signaling may be ransmission node. In this case, a certain UL CC may be
prioritized as a UCI CC based on transmission mode. For example, if a UL CC s
configured with a multiple antenna port transmission mode, the UL CC may be
prioritized to transmit UC! because the puncturing loss would not be as significant
compared with UL CCs configured to use single antenna port transmission.
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10084} Angther exemplary parameter that may be considerad when using implicit
signaling may be the number of spatial layers in the case of MIMQ. In this case, a UL
CC scheduled with 2 higher number of spatial layers may be prioritized as a UCH CC.
Because a lower number of spatial layers might lead to a lower data rate, the UL CC
with the higher number of spatial layers scheduled is more appropriate to transmit UCH
GO, refative to the UL CC scheduled with the lower number of spatial layers. In this
manner, a relatively large punciuring loss may be avoided.

100851 Another exemplary parameter that may be considered when using implicit
signaling may be transport block size. [n this case, when the information bit size is
relatively small compared to the UCH bit size, the puncturing loss could be significant.
Puncturing foss may be reduced by selecting a UL CC scheduled with & higher transport
block size.

{0098} Another exemplary parameter that may be considered when using implicit
signaling may be the modulation and coding scheme (MCS). In this case, when the
information bit size and the UC! bit size are fixed, the puncturing loss may be
proportional to the MCS level. Accordingly, the puncturing l0ss may e more severe
when the higher MCS level is scheduled. In order to avoid the relatively large
puncturing loss, the UCH CC may be selected as a UL CG scheduled with the lower
MOCS leval

[0097] Another exemplary parameter that may be considered when using implict
signaling may be the transmission number. When the initial transmission is scheduled,
the base station would be able to consider the existence of UCH so that the resource can
be increased to compensate for the puncturing loss. However, for the retransmission, it
may not be difficull for the base station 1o expect the future UCH transmission.  in
addition, a large re-transmission may happen when the channel situation is worse than
ithe base station expects, and it would be important to fransmit it successiully as soon
as possible. f UCH is ransmitted on a UL CC performing the retransmission, it may be
likely to experience ancther ransmission due to punciuring. Therefore, it could be
heneficial to fransmit UCH on a UL CC transmitting the initial transmission or on a small
number of retransmissions.
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{0058} Any of the five parameters described above might bs used individually,
combined with each other, or combined with the above UGH CC information.
Additionally, the same rule for selecting the UCH CC may be applied at both the UE
wansmitter and the base station receiver. Similarly, the same information may be
available at both locations so that the base station may know on which UL CC 1o expect
a particular UCH franemission.

(0089} in some cases, only one CC or set of CCs is configured for UGH
transmission. The base station may signal the carrier (denoted by UCH CC) to be used
for UC! transmission by RRC signaling or L1/L.2 signaling to the UE. The signaling may
be explicit or implicit. In a simple form of implicit signaling, the lowest index CC is
always selected for UC! transmission. 1f this carrier is same as the carrier for PUCCH
transmission, it may not be necessary to provide separate signaling. When no PUSCH
resources are allocated on the UCH CC, in the present system, the UE may still be able
to transmit UCL

[60100] For example, the UE may be configured to transmit UCH on the PUCCH.
Even though PUSCH may be allocated on the other carriers, if PUSCH is not aliocated
on the UCI CC, the UE may transmit UCH using PUCCH. In some networks, it may be
heneficial if some of the carriers are not allowed to transmit PUSCH and PUCCH
simultaneously due to inter-modulation problems or the large power difference between
PUCCH and PUSCH. For example, in a network implementation with three UL CCs
(CC1, CC2, and CC3), CC1 and CC2 may be UCH carriers and CC 1 is a PUCCH
carrier. 1F CC1 is scheduled for PUSCH, then UCH may be transmitted in CC1 {within
the PUSCH resource multiplexed with UL-SCH data, for example). However, if only
003 is scheduled for PUSCH, for instance, then PUSCH in CC3 and PUCCH in CCH
{with PUCCH transmission carrying the UCIH) may be simultaneously transmitted.
100101} Alternatively, the UE may transmit the UCI on another CC with a
scheduled PUSCH. n that case, the UE selects one PUSCH scheduled CC among
non-UCH CCs for transmission of UGl Alternatively, the UE may transmit over all non-
UCH CCs. if the puncturing ratio is below a predefined threshoid, the UE may transmit
the UG on the scheduled non-UCH CCs. Otherwise, the UE may transmit the UG using
the PUCCH on the UCH CC.
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100102} Alternatively, the UE's available CCs may be separated into iwo
categories.  The first category of CCs may be used, for example, for special
transmissions such as delay sensitive transmissions like 8PS, while the other calegory
of COs could be used for general transmission purposes. This could be initially
configured by the base station and reconfigured from time fo time.

100103] The categories could be updated and signaled 1o the UE by the base
station. When there is at least one configured CC in the general transmission category,
the UE may avoid transmitling UC! on the CCs that are intended for delay sensitive
fransmission {(e.g., those CCs in the first category). H no CC is configured in the general
tfransmission category, the UE may transmit UCH on CCs that are ordinarily used for
special transmission when the CC is not transmitting SPS or cther delay sensitive
transmission.

{00104} in this implementation, the base station may need o configure at least one
CC in the general transmission category. If there is more than one CC configured in
general transmission category, the UE could transmit UCH on the general-ransmission
CCs at the same time, or only transmit UCH on one of the CCs, depending on some pre-
defined rule, for example, by transmitting on the CC with the lowest carrier index.
{00105] in another implementation, after UCH CC is selected, the UE can transmit
delay-sensitive data on CCs not transmitting UCH to avoid the puncturing loss from UCH
fransmission. For example, when CC1, CC4 and CC5 are scheduled, the UE selects
CC4 as UCH CC. The UE can then select one of CC1 and CCS o transmit delay-
sensitive data. Among all the scheduled CCs not transmitting UCH, the CC(s) selected
1o transmit delay-sensitive data can be based on a predefined rule, using parameters
such as carrigr index, MCS or bandwidth.

{60106} in yet ancther implementation, after the UCI CC is selected, the granted
resources of the scheduled UL CCs are ordered such that the resources of the UL CC
selected for UC! transmission are placed last or placed such that it i8 not the first
scheduled UL COC in the order. The UE may then perform logical channei and MAC CE
prioritization on the ordered UL resources across the scheduled UL CCs when deciding
how to map the logical channel traffic and MAC CE on to the scheduled UL CCs. For
example, when CC1, CC4 and CCS5 are scheduled, the UE may select CC4 for UCI
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wanasmission. The UE can order the granted resources of these three scheduled CCs
such that UL resources of CC4 are placed last. For example, the granted UL resources
may be ordered as follows: resources for CC1, followed by resources for CCs, followed
by resources for CC4, such that UE performs logical channel and MAC CE prioritization
following this order when mapping the logical channel iraffic and MAC CE to the
resources across the scheduled UL CCs.

60107} As another afternative for carrier sets for UCH, in order to avoid a relatively
large puncturing loss, the UCH transmission might not be transmitied on a UL CC if the
number of scheduled PRBs on the UL CC is smaller than a certain threshold. This
threshold may be pre-defined in a manner similar to that described above with respect
to carrier ranking, or may be configured by higher layer signaling. In an embodiment,
different thresholds may be configured per UL CC.

[60108] Again, both the UE and base slation may be aware of the number of
scheduled PRBs for a particular UL CC and the predefined or configured threshold. in
this case, the base station may know whether or not to expect a UC! ransmission on a
particular UL CC.

100108] Alternatively, to accommodate an increase in the UCH transmitted by a UE,
the equation used to identify the appropriate number of coded symbols for a sublrame
can be modified. In existing networks, the number of coded symbols for HARQ-ACK
(dencted by Q.. ), Rl (denoted by ¢, ) and CQUPMI (denoted byQl, .} can be

calculated using equation (1) described above (see, for example, TS 38.212 in Section
5241 “3¢ Generation Partnership Project; Technical Specification Group Radio
Access Network: Evolved Universal Terrestrial Radio Access (E-UTRA) Muttiplexing
and channel coding (Release 8)"). In the present implementation, however, 10
accommodate the increase in UC! data being transmitted for carrler aggregation, the
equation is adjusted to compensate.

{00110} in some networks, the maximum number of coded symbols for HARQ-

ACK or Rl is limited up to 4-M % to avoid substantial puncituring and to fix the SC-

FDOMA symbols for Ris. R coded symbols are fixed 1o locate on the SC-FDMA symbols
next to the SC-FDMA symbols containing the HARQ-ACK coded symbaols. 4-M P g
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four times of the number of scheduled frequency resources within one SC-FDMA
symbol, which would ordinarily be sufficient 1o support up to four HARQ-ACKs - the
maximum number of HARQ-ACKSs in Release 8. However, as shown in Table 1, fup o
12 HARQ-ACK bits are to be transmitted {as may be the case in carrier aggregation),
the required number of SC-FDMA symbols may exceed four SC-FDMA symbols if the
scheduled frequency resource is small. As such, the upper limit of equation (1) may be
modified to provide a larger number of coded symbols. An example of the modified
equation is found in equation (3), bslow. As shown in equation (3}, the maximum

number of coded symbols is increased from 4-M 7% to 6. MUY, Note, however,
SC 5C

that the muiltiplier of ‘6’ shown in equation (3) may be replaced with other multipliers
depending upon the system implementation.

O3 OM f’\USCH»Q:z;’::’.‘s.’ A,W‘w ~inisial lfm(n:u e
Eﬁ@‘g 1 “E} Q’ACK fiied min s C“E “P‘N'L -‘-',-35'-‘ , ()‘ uk!@!';;(!u{‘l'f
! v A
2.5
Equation (3)
ooii2 After increasing the number of coded symbols in accordance with
g Y

aquation (3), it is necessary to position each of the additional symbols within an RB
subframe. Fig. 7 is an iflustration of an example subframe showing candidale locations
for an increased number of HARG-ACK symbols. Referring to Fig. 7, the new coded
symbols {those symbols exceeding 4 HARQ ACK/NACKSs) can be the located next o
the SC-FDMA symbol after the coded symbols for Rl (see REs encircled by elements
300 of Fig. 7). Alternatively, HARQ-ACKs may first be transmitted continuously over the
SC-FDMA symbols, with transmission of the Ris following. Generally, HARQ-ACK is
maore important than Ris, and should be located close 1o the REG.

1001131 Alternatively, if multiple UL CCs are scheduled, the remaining coded
symbols can be transmited in the next UL CCs. However, the other UL CCs may be
schadulad with a different MCS and frequency resource. Bsacause the number of coded
symbols for UCH in PUSCH is determined by the PUSCH MCS, it may be difficult to
merely insert the remaining coded symbols into another UL CC. If the number of coded
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symbols for ACK/NACK or Ri s larger than 4-M [, the ACK/NACK or Rl information

may be distributed to multiple UL CCs.

[00114] Fig. 7A is an illustration of an example subframe showing UG
transmission in clustered DET-S-OFDM, in which two clusiers (700A and 7008} are
allocated for PUSCH 702 transmission and ACK/NACK (7044, 7048, 704C, and 7040},
or R (7084, 7068, 7080, and 7068D) may be distributed over the two clusters. In Rel-
10, multiple kinds of PUSCH transmission schemes may be supported, such as
clustered DFT-S-OFDM and SU-MIMO, in addition 1o the single antenna configuous
PUSCH transmission scheme used in Rel-8. The actual PUSCH transmission scheme
may be indicated to the UE with higher layer signaling or by a corresponding DO
format. Depending on the selected PUSCH transmission scheme, the actual location of
UCH may be different in order to take advantage of the particular characteristics of each
transmission scheme.

00115} While Fig. 7A shows the use of two clusters, three or more clusiers might
he used in differsnt embodiments. Transmiting ACK/NACK and Rl over mulliple
clusters, such as in Fig. 7A, may provide more frequency diversity relative 1o
transmitting ACK/NACK and Rl in only one cluster. CQI can also be transmitted over
multiple clusters. Alternatively, because the reliability of CQl might not be as important
as ACK/NACK or BRI, CQl may be transmitted in one cluster for simplicity.

[00118] When a UL MIMO mode is configured, if the same UCH information is
repeated over multiple layers or code words, diversity gain might be achisved,
Alternatively, rank 1 (single layer) precoded UL MIMO may also increase the directivity
of the fransmission and can also provide both diversity and precoding (array) gain
without repeating UCL  While repeating UCH and transmitting UC! on different layers
may provide diversity gain and may function weli in conditions where precoding is not
feasible, repeating UC! may reduce or eliminate the precoding gain. Thersfore, the
transmitted power used 1o reach error rate targets can be different, and different powey
offsets for rank 1 and rank 2 transmissions may be desired or required,

{60117} When the additional diversity gain can be achieved in the clustered DFT-
S-OFDM or UL MIMO, the same reliability of UCI may be obtained with a smailer
number of coded symbols relative to a UCH transmission in the contiguous PUSCH
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transmission scheme. A smaller number of coded symbols for UCH may lead o a
reduction of the punciuring loss. In Rel-8, the number of UC! information bits, the
scheduled bandwidth, the number of SC-FDMA symbols per subframe, the total
transport block size and beta offset are used to derive the number of coded symbols for
UCH, as described above with respect fo UCH transmission.  In addition, the actual
PUSCH transmission scheme may be considered to derive the number of coded
symbols for UCL

[O0118] in an embodiment, different beta offsets may be signaled for each PUSCH
ransmission scheme. The following iable 3A shows an example of beta offset
information for ACK/NACK with respect to different PUSCH transmission schemss.
This information may be signaled with higher layer signaling. The UE may apply the
beta value based on the actual scheduled PUSCH transmission scheme.

Contiguous PUSCH transmission
{Rel-8 PUSCH transmission)
Clustered DFT-S-OFDM

UL MIMO with rank 1

{3 ARG -ACK A UL MIMO with rank 2

L I affser

Table 34

100119} Instead of signaling all different beta offset values, the UE may calculate
the beta offset value based on the number of scheduled clusters, the number of code
words, or the number of layers that transmit UCH information when one beta offset value
is signaied. An example equation {(Equation 4) is given by:

- 1)

SHARG-ACK | mHARG-ACK ‘[, :
3 =5 {1+ AN,

mﬁ'ﬁ 2@E M offved affset sig clnsters
Equation {4}

=0 A, N

fayury
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HARQ-ACK
{ao121] in aguation (4}, abovs, Pojessc is the beta offset signaled by higher layer
signaling, A: is the offset for the clustered DFT-S-OFDM transrmission, Newsersis the

number of c%ugters;,ﬁ‘fis the offset for UL MIMO, and Niayers is the number of layers. The

values “< and A may be predefined with a fixed value, or may he configured by higher

layer signaling. In an embodiment, the signaled beta offset value may be same as the
one for Rel-8 PUSCH transmissions. In the case of Rel-8 PUSCH transmissions,

ﬁh’ ARQ-ACK ’[)) HARG-ACK

offser may be oSt bacause N

esiers hag a value of 1 and N s has a value of 1.

00122] in another implementation, the UE is configured to drop UL-SCH data
when too many PUSCH resources are required for UCH transmission. This may occur,
for example, if a UE transmits UCH for an increased number of DL CCs as discussed
above. In order to determine whether too many PUSCH resources are required or not,
the required number of coded symbeols for UCH and the PUSCH resource can be
compared. As an example, the puncturing ratio can be calculated using gquation (8),

helow.
Q: ox T Q;ei Qég;mw
EQ@1 23} 'Rpiei:crzt,rmg = ‘!\];;'(;l;z(,ﬁ !;%7 :';US‘CH
Eguation (&)
100124] in this implementation, the UE is configured to compare Rymcuris ity @

predetermined puncturing level threshold. The threshold can be signaled by RRC

signaling or defined in the specification, for example. if R pincasing is larger than the
threshold, the UE does not transmit some UL-8CH data and only transmits UCH in the
PUSCH. Otherwise, UCH and UL-SCH data may be muitiplexed and transmitted using
the PUSCH resource.

[00125] Because MARG for PUSCH transmission is synchronous, the redundancy
varsion (RY) sequence is fixed unless there is a grant from the base station. As such,
after the data is punctured due to UC! transmission, the punctured data will have a
chance 1o be re-transmitted after three retransmissions unless the base station changes

RV io be transmitied with the grant. I BVO having a farge amount of systematic bits
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happens to be severely punctured due to UCH it is fikely that this data would be
successfully decoded four retransmissions later afier RVO is retransmitted again. In that
sense, if the puncturing is severe, it might be helpful to suspend the PUSCH data and
resume in the next HARQ timing.

100126} Alternatively, if R puncuring is smatller than the threshold, UC!H is fransmitted
with one scheduled UL CC. COtherwise, UC! is divided and transmitted on muitiple UL
CCs.

001271 in ancther embodiment, UL-SCH dropping may be decided based on the
number of resource blocks scheduled by the base siation. Although the normal UCH
transmission may not be requested by the DCI format, the UE may decide whather UL-
SCH data is dropped based on the number of scheduled PRBs at a subframe in which
LCH is expected to be transmitted with UL-SCH data. If the number of scheduled PRBs
in the UL CC that is supposed to transmit UCH is smaller than a certain threshold, the
UL-SCH data in this carrier may be dropped. This threshold may be pre-defined
similarly as described above with respect to carrier ranking, or may be configurad by
higher layer signaling. A different threshold may be configured per UL CC.
Alternatively, instead of the number of resource blocks, the transport block size may be
used 1o decide whether o drop the UL-SCH data in the carrier.

{00128] in another embodiment, the dropping of UL-SCH data may be enabled or
disabled per CC. For example, for UL CC scheduled SPS, the dropping of UL-SCH
data may be disabled. In this cass, the dropping of UL-SCH data may be configured by
RAC signaling or MAC CE. When dropping of UL-8CH is disabled, but the dropping
criterion or criteria are met, UCI may be transmitted in other scheduied UL CCs. i there
is no available UL CC, or f UL-SCH data dropping is disabled for all available UL CGs,
then UC! might be dropped at this subframe. Once the CC is enabled to support the
dropping of UL-SCH data, the dropping of UL-SCH data may then oceur, or may be
determined based on the threshold as described above.

{60128} in another embodiment, when the criterion or criteria for dropping UL-80H
data are met, the UE may drop UCH or UL-SCH data based on a priority.  Again,
examples of criteria for dropping UL-SCH data include & large amount of UCT being
transmitted, the puncturing ratio being larger than a threshold, or the number of
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scheduled PRBs being larger than a threshold. The priority may be based on the type
of data, considering the characteristics of the data. For example, CQI/PRMI/RI may be
dropped first, 1f the criterion or criteria for dropping UL-SCH data are stift met, then UL-
SCH data may be dropped and/or HARQ-ACK/NACK may be the last 1o he dropped.
Additionally, which UCH is dropped first may be signaled by higher layer signaling, or
may be predefined.

i60130] in ancther embodiment, when the dropping criterion or criteria are met, the
UE can reduce the amount of UCHL  Additionally, CQI/PMIRI of some DL CC may be
dropped, or only fimited information may be transmitted.  In another embodiment,
HARQ-ACK/NACK bundiing may be used. When using HARQ-ACK/NACK bundling, a
smalier number of HARGQ-ACK/NACK bits than the required or desired number of HARQ
ACK-NACK bils may be generated based on the HARQ resuits of multiple transpont
blocks.

001311 Alternatively, explicit signaling may be used to indicate whether UL-SC0H
data is included with UC! ransmission.  This explicit signaling may also be included in
DC! format{s) for dynamic uplink granis in addition to CQI request which is already
supported in Release 8. The explicit signaling may also be included in SPS grants.
Table 4 provides an Hlustration of an exemplary information bit for UL-SCH data with
UCH transmission indicating whether the transmission includes UL-8CH data.

BIT value UL-SCH data
0 Transmission
1 No transmission
Table 4
1601321 To avoid introducing additional signaling bits, it could be possibie to reuse

the CQI request bit if some of UL CCs are not used for aperiodic GG transmissions.
Alternatively, the base station may dynamically indicate whether LICH can be included in
the scheduled PUSCH. If the base station signals not o include UCH in the
corresponding UL CC, UCH could be dropped, transmitted in PUCCH, or transmitted in
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other scheduled UL CC. This signaling may be included in an SPS grant as wellas a
dynamic uplink grant.

(001331 The present system can be used to minimize the affect of UCI
transmission on high QoS data when UC! and UL-SCH data are simultaneously
transmitted in the same subframe. The system allows the UE to select UL CC(s)
transmitting lower-GoS data for UCH transmission using explicit or implicit signaling of
the ranking of UG CC(s) or UCH carrier set. Consequently, the determination of UCI GO
would minimize the chance of puncluring resources used for high QoS data
fransmissions, which will maintain the performance of at least high QoS data even if
UCH is transmitted in the PUSCH resource. Additionally, the present system aliows
devices to not transmit UCH or UL-SCH data when the puncturing loss is severe or high
(oS data is transmitted in the PUSCH,

100134} Fig. 8 illustrates a wireless communications system including an
embodiment of a UE 10. The UE 10 is operable for implementing aspects of the
disciosure, but the disclosure should not be limited to these implementations. Though
iflustrated as a mobile phone, the UE 10 may take various forms including a wireless
handset, a pager, a personal digital assistant (PDA), a portable computer, a tablet
computer, a laptop computer. Many suitable devices combine some or all of these
functions. In some embodiments of the disclosure, the UE 10 is not a general purpose
computing device like a portable, laptop or tablet computer, but rather is a special-
purpose communications device such as a mobile phone, a wireless handset, a pager,
a PDA, or a telecommunications device installed in a vehicle. The UE 10 may also be a
device, include a device, or be included in a device that has similar capabilities but that
is not transportable, such as a desktop computer, a set-top box, or a network node.
The UE 10 may support specialized activities such as gaming, inventory control, ioh
control, and/or task management functions, and so on.

[00135] The UE 10 includes a display 712. The UE 10 also includes a touch-
sensitive surface, a keyboard or other input keys generally referred as 714 for input by a
user. The kevboard may be a full or reduced alphanumeric keyboard such as
QWERTY, Dvorak, AZERTY, and sequential types, or a traditional numetic keypad with
alphabet letters associated with a telephone keypad. The input keys may include a
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track wheel, an exit or escape key, a trackball, and other navigational or functional keys,
which may be inwardly depressed to provide further input function. The UE 10 may
present options for the user to select, controls for the user 1o actuate, and/or cursors of
other indicators for the user to direct.

{00138] The UE 10 may further accept data entry from the user, including numbers
to dial or various parameter values for configuring the operation of the UE 10. The Uk
10 may further execute one or more software or firmware applications in response 10
user commands. Thess applications may configure the UE 10 to perform various
customized functions in response to user interaction. Additionally, the UE 10 may be
programmed and/or configured over-the-air, for example from a wirgless base station, a
wiralass access point, or a peer Uk 10,

001371 Among the various applications executable by the UE 10 are a web
browser, which enables the display 712 to show a web page. The web page may be
obtained via wireless communications with a wireless network access node, a cell
tower, a peer UE 10, or any other wireless communication network or system 710, The
network 710 is coupled 0 a wired network 718, such as the internet. Via the wireless
fink and the wired network, the UE 10 has access 1o information on various servers,
such as a server 720. The server 720 may provide content that may be shown on the
display 712. Alternately, the UE 10 may access the network 710 through a peer UE 10
acting as an intermediary, in a relay type or hop type of connaction.

160138} Fig. 8 shows a block diagram of the UE 10. While a variety of known
components of UEs 10 are depicted, in an embodiment a subset of the listed
components and/or additional componenis not listed may be included in the UE 10.
The UE 10 includes a digital signal processor (DSP) 802 and a memaory 804, As
shown, the UE 10 may further include an antenna and front end unit 806, a radic
frequency (RF) transceiver 808, an analog baseband processing unit 810, a microphone
812, an earpiece speaker 814, a headset port 818, an input/output interface 818, a
removable memory card 820, a universal serial bus (USB) port 822, a short range
wireless communication sub-system 824, an alert 826, a keypad 828, a liquid crystal
display (LCD), which may include a touch sensitive surface 830, an LCD coniroller 832,
a charge-coupled device (CCD) camera 834, a camera controlier 838, and a global
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positioning system (GPS) sensor 838. In an embaodiment, the UE 10 may include
another kind of display that does not provide a touch sensitive screen. In an
smbodiment, the DSP 802 may communicate directly with the memory 804 without
passing through the input/output interface 818.

[00138] The DSP 802 or some other form of controller or central processing unit
operates to control the various components of the UE 10 in accordance with embedded
software or Brmware stored in memory 804 or stored in memory contained within the
DSP 802 itself. In addition 1o the embedded software or firmware, the DSP 802 may
execute other applications stored in the memory 804 or made available via information
carrier madia such as portable data storage media like the removable memory card 820
or via wired or wireless network communications. The application software may
comprise a compiled set of machine-readable instructions that configure the DSP 80210
provide the desired functionality, or the application software may be high-level software
instructions to be processed by an interpreter or compiler to indirectly configure the DSk
802.

1001407 The antenna and front end unit 808 may be provided to convert belwesn
wireless signals and electrical signals, enabling the UE 10 to send and receive
information from a celiular network or some other available wireless communications
network or from a peer UE 10. In an embodiment, the antenna and front end unit 806
may include multiple antennas to support beam forming and/or multiple input muitiple
output (MIMO) operations. As is known to those skilled in the art, MIMO operations
may provide spatial diversity which can be used to overcoms difficult channe! conditions
and/or increase channe! throughput. The antenna and front end unit 808 may include
antenna tuning and/or impedance matching components, RF power amplifiers, and/or
low noise amplifiers.

100141} The RF fransceiver 808 provides frequency shifting, converting received
RF signals to baseband and converting baseband transmit signals {o RF. In some
descriptions a radio ransceiver or RF transceiver may be understood 10 include other
signal processing functionality such as modulation/demodulation, coding/decoding,
interleaving/deinterleaving, spreading/despreading, inverse fast Fourier transforming
(IFFT)/Aast Fourler transforming (FFT), cyclic prefix appending/removal, and other signal

37



WO 2011/159624 PCT/US2011/040215

processing functions. For the purposes of clarity, the description here separates the
description of this signal processing from the RF and/or radio stage and conceptually
aliocates that signal processing to the analog baseband processing unit 810 and/or the
DSP 802 or other central processing unit. In some embodiments, the RF Transceiver
808, portions of the Antenna and Front End 806, and the analog base band processing
unit 810 may be combined in one or more processing units and/or application specific
integrated circuits {ASICs).

{00142] The analog baseband processing unit 810 may provide various analog
processing of inputs and oulputs, for example analog processing of inputs from the
microphone 812 and the headset 816 and outputs to the earpisce 814 and the headset
816. To that end, the analog basebmand processing unit 810 may have ports for
connecting to the built-in microphone 812 and the earpiece speaker 814 that enable the
UE 10 to be used as a cell phone. The analog baseband processing unit 810 may
further include a port for connecting 1o a headset or other hands-free microphone and
speaker configuration. The analog baseband processing unit 810 may provide digital-
to-analog conversion in one signal direction and analog-to-digital conversion in the
opposing signal direction. In some embodiments, at least some of the functionality of
the analog baseband processing unit 810 may be provided by digital processing
components, for exarnple by the DSP 802 or by other ceniral Processing unis.

100143] The DSP 802 may perform modulation/demodulation, coding/decoding,
interleaving/deinterleaving, spreading/despreading, inverse fast Fourier transforming
(IFFT)/ffast Fourier transforming (FFT), cyclic prefix appending/removal, and cther signal
processing functions associated with wireless communications. In an embodiment, for
example in & code division multiple access (CDMA) technology application, for a
wransmitter function the DSP 802 may perform modulation, coding, interleaving, and
spreading, and for a recsiver function the DSP 802 may perform despreading,
deinterieaving, decoding, and demodutation. In another embodiment, for example in an
orthogonal frequency division multiplex access (OFDMA) technoiogy application, for the
wransmitter function the DSP 802 may perform modulation, coding, interleaving, inverse
fast Fourler transforming, and cyclic prefix appending, and for a receiver function the
DSP 802 may perform cyclic prefix removal, fast Fourier transforming, deinterleaving,
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decoding, and demodulation. In other wireless technology applications, yet other signal
processing functions and combinations of signal processing functions may be
performed by the DSP 802.

00144} The DSP 802 may communicate with & wireless network via the analog
baseband processing unit 810, In some embodiments, the communication may provide
Internet connectivity, enabling a user to gain access to content on the Intemet and 10
send and receive e-mail or text messages. The inpul/output interface 818 interconnects
the DSP 802 and various memories and interfaces. The memory 804 and the
removable memory card 820 may provide software and data to configure the operation
of the DSP 802. Among the interfaces may be the USB interface 822 and the short
range wireless communication sub-system 824. The USBE interface 822 may be used to
charge the UE 10 and may also enable the UE 10 to function as a peripheral device to
sxchange information with a personal computer or other computer systam. The short
range wireless communication sub-system 824 may include an infrared port, a
Bluetooth interface, an IEEE 802.11 compliant wirsless interface, or any other short
range  wirsless communication sub-system, which may enable the UE 10 10
communicate wirelessly with other nearby mobile devices and/or wireless base stations.
[00145] The inputfoutput interface 818 may further connect the DSP 802 10 the
alert 826 that, when triggered, causes the UE 10 io provide a notlice to the user, for
axample, by ringing, playing a melody, or vibrating. The alert 826 may serve as a
mechanism for alerting the user to any of various events such as an incoming call, a
new toxt message, and an appointment reminder by silently vibrating, or by playing a
specific pre-assignad melody for a particular caller.

1001461 The keypad 828 couples to the DSP 802 via the interface 818 to provide
one mechanism for the user io make selections, enter information, and otherwise
orovide input to the UE 10. The keyboard 828 may be a full or reduced alphanumeric
keyboard such as QWERTY, Dvorak, AZERTY and segquential types, or a fraditional
numeric keypad with alphabst letters associated with a telephone keypad. The input
keys may include a track wheel, an exit or escape key, a frackball, and other
navigational or functional keys, which may be inwardly depressed {0 provide further
input function. Another input mechanism may be the LCD 830, which may include
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touch screen capability and also display text and/or graphics o the user. The LCD
controlier 832 couples the DSP 802 {o the LCD 830

001471 The CCD camera 834, if equipped, enables the UE 10 to take digital
pictures. The DSP 802 communicates with the CCD camera 834 via the camers
controller 838, In another embodiment, a camera operating according to a technology
other than Charge Coupled Device cameras may be employed. The GPS sensor 838 is
coupled 1o the DSP 802 to decode global positioning system signals, thereby enabling
the UE 10 to determine its position. Various other peripherals may also be included to
provide additional functions, &.g., radio and television reception.

100148} Fig. 10 illustrates a software environment 802 that may be implemented
by the DSP 802. The DSP 802 executes operaling system drivers 804 that provide a
platform from which the rest of the software operates. The operating system drivers
904 provide drivers for the UE hardware with standardized interfaces that are
accessible to application sofiwars.  The opsrating system drivers 904 include
application management services (AMS) 806 that transfer control between apptlications
running on the UE 10, Also shown in Fig. 10 are a web browser application 808, a
media player application 910, and Java applets 812. The web browser application 808
configures the UE 10 to operate as a web browser, allowing a user 1o enter information
into forms and select links to retrieve and view web pages. The media player
application 910 configures the UE 10 to reirieve and play audio or audiovisual media.
The Java applets 912 configure the UE 10 to provide games, utilities, and other
functionality. A component 914 might provide functionality described herein.

100148} The UE 10, base siation, and other components described above might
include a processing component that is capable of executing instructions related to the
actions described above, Fig. 11 llustrates an example of a system 1000 that includes
a processing component 1010 suitable for implementing one or more gmbodiments
disclosed herein. In addition to the processor 1010 (which may be referred to as a
central processor unit (CPU or DSP), the system 1000 might include network
connectivity devices 1020, random access memory (RAM) 1030, read only memory
(ROM) 1040, secondary storage 1080, and inpuf/output (/O) devices 1060. In some
cases, some of these componenis may not be present or may be combined in various
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combinations with one another or with other components not shown. These
components might be located in a single physical entity or in more than one physical
entity. Any actions described herein as being taken by the processor 1010 might be
taken by the processor 1010 alone or by the processor 1010 in conjunction with one or
more components shown or not shown in the drawing.

[60150] The processor 1010 exacutes instructions, codes, computer programs, of
scripts that it might access from the network connectivity devices 1020, RAM 1030,
ROM 1040, or secondary storage 1050 (which might include various disk-based
systemns such as hard disk, floppy disk, or optical disk). While only one processor 1010
is shown, multiple processors may be present.  Thus, while instructions may be
discussed as Deing executed by a processor, the instructions may be executed
simultaneously, serially, or ctherwise by one or multiple processors. The processor
1010 may be implemented as one or more CPU chips.

001511 The network connectivity devices 1020 may take the form of modems,
modem banks, Fthernet devices, universal serial bus (USB) interface devices, serial
interfaces, token ring devices, fiber distributed data interface (FDDY) devices, wireless
local area network (WLAN) devices, radio transceiver devices such as code division
mutltiple access (CDMA) devices, global system for mobile communications (GSM) radio
ransceiver devices, worldwide interoperability for microwave access (WiMAX) devices,
and/or other well-known devices for connecting fo networks. These network
connectivity devices 1020 may enable the processor 1010 to communicate with the
internet or one or more telecommunications networks or other networks from which the
nrocessor 1010 might receive information or to which the processor 1010 might output
information.

[00152] The network connectivity devices 1020 might also include one or more
transceiver components 1025 capable of transmitting and/or receiving data wirelessly in
the form of electromagnetic waves, such as radio frequency signals or microwave
frequency signals. Alternatively, the data may propagate in or on the surface of
slectrical conductors, in coaxial cables, in waveguides, in optical media such as optical
fiber, or in other media. The transceiver component 1025 might include separale
recelving and transmitling units or a single transceiver. information transmitted or
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received by the transceiver 1025 may include data that has been processed by the
processor 1010 or instructions that are to be executed by processor 1010. Such
information may be received from and outpuited o a network in the form, for example,
of a computer data baseband signal or signal embodied in a carrier wave. The data
may be ordered according to different sequences as may be desirable for gither
processing or generating the data or transmilting or recelving the dala. The baseband
signal, the signal embedded in the carrier wave, or other types of signais currently used
or hereafier developed may be referred to as the transmission medium and may be
generated according to several methods well known to one skilied in the art.

{00153] The RAM 1030 might be used to store volatile data and perhaps to store
instructions that are executed by the processor 1010. The ROM 1040 is a non-volatile
memory device that typically has a smaller memory capacity than the memaory capacity
of the secondary storage 1050. ROM 1040 might be used to store instructions and
perhaps data that are read during execution of the instructions. Access 10 both RAM
1030 and ROM 1040 is typically faster than io secondary storage 1050, The secondary
storage 1050 is typically comprised of one or more disk drives or tape drives and might
he used for non-volatile storage of data or as an over-flow data storage device if HAM
1030 is not large enough to hold all working data. Secondary storage 1050 may be
used 1o store programs that are loaded into RAM 1030 when such programs are
selectad for axecution.

1001541 The /O devices 1080 may include fiquid crystal displays {LCDs), touch
screen displays, keyboards, keypads, switches, dials, mice, track balls, voice
recognizers, card readers, paper tape readers, printers, video monitors, or other well-
known inputoutput devices. Also, the transceiver 1025 might be considered fo be a
component of the /O devices 1060 instead of or in addition 1o being a component of the
network connectivity devices 1020. Some or all of the /O devices 1060 may be
substantially similar to various components depicted in the previously described drawing
of the UE 10, such as the display 712 and the input 714.

[00155] While several embodiments have been provided in the present disciosure,
it should be understood that the disclosed systems and methods may be embodied in
many other specific forms without departing from the spirit or scope of the present
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disclosure. The present examples are to be considered as illustrative and not
restrictive, and the intention is not o be limited 1o the details given herein. For example,
the various elements or components may be combined or integrated in another system
or certain features may be omitted, or not implemented.

[001586] Also, techniques, systems, subsystems and methods described and
Hiustrated in the various embodiments as discrete or separate may be combined or
integrated with other systems, modules, techniques, or methods without departing from
the scope of the present disclosure. Other items shown or discussed as coupled or
directly coupled or communicating with each other may be indirectly coupled or
communicating through some interface, device, or intermediate component, whether
electrically, mechanically, or otherwise. Other examples of changes, substitutions, and
alterations are ascertainable by one skilled in the art and may be made without
departing from the spirit and scope disclosed harein.

[00157] To apprise the public of the scope of this invention, the Tollowing claims
are made.
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CLAIMS

What is claimed is:
1. A method for communicating uplink control information 1o a base siation using a
user equipment, comprising:

identifying component carriers on the user equipment scheduled for Physical
Uplink Shared CHannel (PUSCH) transmissions;

identifying at least one first ranking for each of the component carriers for
transmission of uplink control information, each first ranking being at least partially
determinged by whether the component carrier is configured for delay-sensitive
ransmissions;

using the at least one first ranking 1o select a first component carrier for
fransmission of uplink control information; and

sgncoding uplink control information into the first component carrier for
fransmission {o the base station.

2. The method of claim 1, wherein delay-sensitive transmissions include at least
one of semi-persistent scheduled transmissions, transmissions using signaling radio
bearers, and medium access control (MAC) control element transimissions.

3. The method of claim 1, including receiving a ranking table from the base station,
the ranking table including the at least one first ranking for each of the component
carriers.

4, The method of claim 3, wherein the ranking table further ranks each of the

component carriers for transmission of at least one of signaling radio bearers, and
medium access conirol (MAC) control elements.
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5. The method of claim 1, wherein identifying at least one first ranking includes:
receiving at least one second ranking for each of the component carriers for at
least one of signaling radio bearer transmission, and medium access control (MACG)
control element transmission; and
determining the at least one first ranking for transmission of uplink control
information using the at least one second ranking.

8. The method of claim 5, wherein using the at least one second ranking includes
reversing an order of the at least one second ranking.

7. The method of claim 1, including modifying a first ranking of at least one of the
componeant carriers hased upon a radio signal condition of the at least one of the
component carriers.

8. The method of claim 1 further comprising:

determining whether a second uplink component carrier of the identified
componeant carriers is scheduled with a number of physical resource blocks lower than a
threshold; and

responsive to the number of physical resource blocks being lower than the
threshold, precluding the second uplink component carrier from transmitting the uplink
controf information.

g, The method of claim 8 wherein the second uplink component carrier has a higher
ranking than the first component carrier.

10.  The method of claim 8 wherein the first component carrier is the next available
uplink component carrier relative o the second uplink component carrier.

11,  The mesthod of claim 8 wherein the threshold is defined with respect o
transmission of the uplink control information.
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12. The method of claim 11 whearein the threshold is defined based on an amount of
coded symbols for uplink control information.

13. The method of claim 11 wherein the threshold is decided based on a number of
downlink component carriers requiring uplink control information.

4. The method of daim 11 wherein the threshold is decided based on a
characteristic of the uplink control information.

5. The method of claim 1 further comprising:

determining whether a second uplink component carrier of the identified
component carriers is scheduled; and

precluding the second uplink component carrier from transmitting the uplink
control information based on a transmission mode configured for the second uplink
component carrier.

18.  The method of claim 15 wherein the fransmission mode comprises ong of single
antenna port mode and multiple antenna port mode.

17. A method for communicating uplink control information to a base station using a
user equipment, comprising:

identifying component carriers on the user equipment scheduled for Physical
Uplink Shared CHannel (PUSCH) transmissions;

when one or more of the component carriers is configured for non-delay-sensitive
transmissions:

identifying one or more of the component carriers that are configured for non-
delay-sensitive transmissions, and

selacting a first component carrier from the one or more of the component
carriers for transmission of uplink coniro! information; and

gnceding uplink control information  into the first component carrier for
trangmission to the base station.
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18. The method of claim 17, wherein delay-sensitive transmissions include at least
one of semi-persistent scheduled transmissions, transmissions using signaling radio
bearers, and medium access control (MAC) control element transmissions.

19. The method of claim 17, including receiving a ranking table from the base station,
the ranking table including at least one first ranking for each of the component carriers
for transmission of uplink control information.

20,  The method of claim 19, including modifying the at least one first ranking of at
least one of the component carriers based upon a radio signal condition of the at least
one of the component carriers.

21, The method of claim 17, including:

receiving at least one second ranking for sach of the componant carriers for
transmission of at least one of signaling radio bearers, and medium access conirol
{(MAC) control element transmission; and

identifying at least one first ranking for each of the component carriers for
transmission of uplink control information using the at least one second ranking.

22.  The method of claim 17 further comprising:

determining whether a second uplink component camier of the identified
component carriers is scheduled with a number of physical resource biocks lower than a
thrashold; and

responsive 1o the number of physical resource blocks being lower than the
threshold, precluding the second uplink component carrier from being the selected first
component carrier.

23. The method of claim 17 whersin selecting the first component carrier is further
based on a transmission mods.
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24.  The method of claim 17 wherein selecting the first component carrier is further
hased on numbers of spatial layers of the component carriers.

25. The method of claim 17 wherein selecting the first component carrier is further
pased on transport block size.

28. The method of claim 17 whergin selecting the first component carrier is further
based on a level of a modulation and coding scheme used for transmission to the base
statfion.

27.  The method of claim 17 whersin selecting the first component carrier is further
based on a transmission number of an uplink data transmission,

28. A method for allocating Hybrid Automatic Repeat reQuest (HARQ)
acknowledgement/negative-acknowledgement  (HARQ ACK/NACK) symbols on a
physical uplink shared channet (PUSCH), comprising:

identifying a first number of allocated symbols for HARQ ACK/NACK
transmission within a PUSCH subframe;

when implementing carrier aggregation, increasing a number of aliocated
symbois for HARQ ACK/NACK transmission; and

using the increased number of allocated symbols 1o transmit HARQ ACK/NACK
data within the PUSCH subframe.

289.  The method of claim 28 further comprising:
transmitting PUSCH with one of multiple transmission schemes.

30. The method of claim 28 whersin the PUSCH subframe has an associated
transmission scheme, and wherein the method further comprises:

applying a beta offset for the derivation of a number ¢of coded symbols for uplink
control information, wherein the beta offset is selected from a plurality of different bela
offsets for each of a plurality of different PUSCH transmission schemes.
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31. The method of claim 30 wherein the beta offset is signaled using higher layer
signaling.

32. The method of claim 30 wherain the beta offset is selected based on g PUSCH
fransmission scheme.

33. The method of claim 32 wherein the beta offset is calculated according to an
ﬁHARQ“ACK = bl X (1 + Ac x (_{V - 1) + Al " (l’\irl:;ye;'s - l))

offset T Foffvet sig clusters
3

equation defined by

HARQ-ACK
wherein 9Pk g the beta offset signaled by higher layer signaling, e is the offset

N A

for the clustered DFT-5-0FDM transmission, Tu'wemis the number of clusters, ~'ig the

A

offset for UL MIMQO, and N s is the number of layers, and wherein the values ¢ and

1 are either predefined with a fixed value or configured by higher layer signaling.

34. A method for communicating uplink control information to a base station using a
user equipment, comprising:

determining a puncluring ratio of a first physical uplink shared channel (PUSCH)
subframe, the punciuring ratio identifving a ratio of symbols in the PUSCH subframe
allocated for uplink control information to symbols in the PUSCH subframe allocated for
uplink shared channe! (UL-8CH) data; and

when the puncluring ratio is greater than a threshold, dropping an amount of
uplink shared channel (UL-SCH) data encoded in the PUSCH subframe.

35. The method of claim 34 whersin dropping the UL-SCH data is further decided
based on whether a number of scheduled physical resource blocks is lower than a

threshold.

36. The method of claim 34 wherein dropping the UL-SCH dala is further decided
based on fransport block size.
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37.  The method of claim 34 further comprising:

before dropping the UL-SCH daia, determining that the dropping of UL-SCH data
is enabled, wherein when the dropping of UL-SCH data is disabled then UL-SCH data is
not dropped.

38.  The method of claim 34 wherein dropping of the UL-SCH data is only performed
after determining that at least one condition is met, the condition selected from the
group consisting of 1) no uplink carrier for uplink control information being avallable and
2} alt available uplink carriers for uplink control information being disabled from dropping
the UL-SCH data.

38. The method of claim 34 further comprising:
continuing to drop UL-SCH data or uplink control information according to a priority
established based on a type of data.

40. The method of claim 39 whersin the type of data is selected from the group
consisting of Hybrid Automatic Repeat reQuest (HARQ) acknowledgement/negative-
acknowledgement (HARQ ACK/NACK) data, channel guality indicator {CQI)/ precoding
matrix indicator (PM1)/ rank indicator (Ri) data, and UL-SCH data.
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41. A user equipment, comprising:

2 processor, the processor being configured to:

identify component carriers on the user squipment scheduled for Physical Uplink
Shared CHannel (PUSCH) transmissions;

identify al least one first ranking for each of the component carriers for
transmission of uplink controt information, sach first ranking being at least partially
determined by whether the component carrier is configured for delay-sensitive
transmissions;

use the at least one first ranking to select a first component carrier for
fransmission of uplink control information; and

encode uplink control information into the first component carrier for transmission
o & base station.

42.  The user equipment of claim 41, wherein delay-sensitive fransmissions include at
least one of semi-persistent scheduled transmissions, fransmissions using signaling
radio bearers, and medium access control (MAC) control element fransmissions.

43. The user equipment of claim 41, wherein the processor is configured 1o receive a
ranking table, the ranking table including the at least one first ranking for sach of the
component carriers,

44.  The user agquipment of claim 43, wherein the ranking table further ranks each of
the component carriers for transmission of at least one of signaling radic bearers, and
medium access control (MAC) control slements.

45.  The user equipment of claim 41, the processor is configured 1o

receive at least one second ranking for each of the component carriers for at
least one of signaling radio bearer transmission, and medium access control (MAC)
control element transmission; and

detlermine the al least one first ranking for transmission of uplink control
information using the at least one second ranking.
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46, A user equipment, comprising:

a processor, the processor baing configured {o:

identify component carriers on the user equipment scheduled for Physical Uplink
Shared CHannel (PUSCH) transmissions;

when one or more of the component carriers is configured for non-delay-sensitive
transmissions:

identify one or more of the componeant carriers that are configured for non-delay-
sensitive transmissions, and

select a first component carrier from the one or more of the component carriers
for transmission of uplink control information; and

encode uplink control information into the first component carrier for transmission
to a base station.

47.  The user equipment of claim 46, wherein delay-sensitive fransmissions include at
least one of semi-persisient scheduled transmissions, transmissions using signaling
radio bearers, and medium access control (MAC) control element transmissions.

48.  The user equipment of claim 48, wherein the processor is configured to receive a
ranking table from the base station, the ranking table including at laast one first ranking
for sach of the component carriers for transmission of uplink control information,

48,  The user equipment of claim 48, wherein the processor is configured to modify
the at least one first ranking of at least one of the component carriers based upon a
radio signal condition of the at least one of the component carrigrs.

50.  The user equipment of claim 48, wherein the processor is configured to:

receive at least one second ranking for each of the component carriers for
transmission of at least one of signaling radio bearers, and medium access conirod
(MAC) control element transmission; and

identify at least one first ranking for each of the component carriers for
transmission of uplink control information using the at least one second ranking.
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