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DESCRIPTION

BACKGROUND

[0001] In order to support higher data rate and spectrum efficiency, the Third Generation
Partnership Project (3GPP) Long Term Evolution (LTE) system has been introduced into 3GPP
Release 8 (R8). (LTE Release 8 may be referred to herein as LTE R8 or R8-LTE.) In LTE,
transmissions on the uplink are performed using Single Carrier Frequency Division Multiple
Access (SC-FDMA). In particular, the SC-FDMA used in the LTE uplink is based on Discrete
Fourier Transform Spread Orthogonal Frequency Division Multiplexing (DFT-S-OFDM)
technology. As used hereafter, the terms SC-FDMA and DFT-S-OFDM are used
interchangeably.

[0002] In LTE, a wireless transmit/receive unit (WTRU), alternatively referred to as a user
equipment (UE), transmits on the uplink using only a limited, contiguous set of assigned sub-
carriers in a Frequency Division Multiple Access (FDMA) arrangement. For example, if the
overall Orthogonal Frequency Division Multiplexing (OFDM) signal or system bandwidth in the
uplink is composed of useful sub-carriers numbered 1 to 100, a first given WTRU may be
assigned to transmit on sub-carriers 1-12, a second WTRU may be assigned to transmit on
sub-carriers 13-24, and so on. While the different WTRUs may each transmit into only a subset
of the available transmission bandwidth, an evolved Node-B (eNodeB) serving the WTRUs may
receive the composite uplink signal across the entire transmission bandwidth. An example can
be found in US 2008/311919.

[0003] LTE Advanced (which includes LTE Release 10 (R10) and amy include future releases
such as Release 11, also referred to herein as LTE-A, LTE R10, or R10-LTE) is an
enhancement of the LTE standard that provides a fully-compliant 4G upgrade path for LTE and
3G networks. In both LTE and LTE-A, there is a need for certain associated layer 1/layer 2
(L1/2) uplink control information (UCI) to support the UL transmission, downlink (DL)
transmission, scheduling, multiple-input multiple-output (MIMO), efc. In LTE-A, power settings
for uplink channels, respectively, may be done independently. What is needed in the art are
systems and methods for providing uplink control information and dealing with the power
issues that may arise when using multiple uplink channels.

SUMMARY

[0004] Methods and systems for transmitting uplink control information (UCI) in an LTE
Advanced system are disclosed. A user equipment device (UE) may determine whether uplink
control information should be transmitted across PUCCH and PUSCH (a subset of the bits
transmitted on PUCCH and the remaining bits transmitted on PUSCH) based on whether the
number of bits in the UCI is less than or equal to a threshold that may be provided to the UE. If
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the number of UCI bits is less than or equal to the threshold, the UCI bits may be transmitted
on the PUCCH, whereas if the number of UCI bits is above the threshold, the UCI bits may be
transmitted on both the PUSCH and the PUCCH in the same subframe. In another
embodiment, the number of UCI bits may be compared to a second, higher threshold and if the
number of UCI bits exceeds the second, higher threshold, all the UCI bits may be transmitted
on the PUSCH. In another embodiment, if all UCI bits will fit onto the PUCCH, they may be
transmitted on the PUCCH. If all the bits will not fit onto the PUCCH, they may be transmitted
on both the PUCCH and the PUSCH in the same subframe. In another embodiment, a relative
size of the UCI may be determined (i.e., the size the UCI payload compared to the size of the
capacity of a shared channel, e.g., PUSCH) and if the relative size is below a threshold, the
UCI bits may be transmitted on PUSCH only.

[0005] In another embodiment, the type of UCI bits may be determined, and if certain types of
bits are present (e.g., ACK/NACK bits), the bits of the certain type may be transmitted on one
channel, such as the PUCCH, while the remaining bits may be transmitted on a second
channel, such as the PUSCH. Alternatively, the number of downlink component carriers (DL
CCs) that are active, or alternatively configured, and the use of transmission modes supported
in LTE Release 8 may be taken into account. If the number of DL CCs is not one or
transmission modes supported in LTE Release 8 are not used, a subset of UCI bits may be
transmitted on PUCCH while, in the same subframe, the remaining bits may be transmitted on
PUSCH. If the number of DL CCs is one and transmission modes supported in LTE Release 8
are used, the UCI may be evaluated to determine whether the contents contain certain types of
UCI bits (e.g., ACK/NACK, CQI/PMI, RI) and a determination as to which channel(s) to use for
transmitting such bits may be made. The priority or primary DL CCs may also be evaluated
when multiple DL CCs are available (active or, alternatively, configured), and UCI bits
associated with a primary or highest priority DL CC may be transmitted on PUCCH with the
remaining bits being transmitted on PUSCH.

[0006] The amount of power that may be required to transmit the uplink control information on
more than one channel may also be evaluated. If a UE determines that transmitting the UCI
bits across both PUSCH and PUCCH will exceed a maximum power threshold, the UE may
transmit the UCI bits on only one of the PUSCH and PUCCH or scale down PUSCH and/or
PUCCH power. In embodiments where multiple PUSCHs are available, various means may be
used to determine which PUSCH should be used to transmit UCI bits, including determining an
appropriate PUSCH based on UCI payload size, PUSCH data payload size, or the relationship
between UCI payload size and the carrying capacity of the available PUSCHs. These and
additional aspects of the current disclosure are set forth in more detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The following detailed description of disclosed embodiments is better understood when
read in conjunction with the appended drawings. For the purposes of illustration, there is
shown in the drawings exemplary embodiments; however, the subject matter is not limited to
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the specific elements and instrumentalities disclosed. In the drawings:

Figure 1 illustrates a non-limiting exemplary user equipment, eNodeB, and MME/S-GW on
which methods and systems for signaling uplink control information as disclosed herein may be
implemented.

Figure 2 illustrates a non-limiting exemplary network environment in which methods and
systems for signaling uplink control information as disclosed herein may be implemented.

Figure 3 illustrates a non-limiting exemplary system for transmitting ACK/NACK bits for different
downlink carriers.

Figure 4 illustrates non-limiting exemplary means for using multiple PUCCH RB resources in a
PUCCH region for UCI transmission.

Figure 5 illustrates non-limiting exemplary means for transmitting UCI on both PUCCH and
PUSCH from a UE in a system utilizing downlink coordinated multi-point transmission (DL
COMP).

Figure 6 illustrates a non-limiting exemplary method of determining how to signal UCI.

Figure 7 illustrates another non-limiting exemplary method of determining how to signal UCI.
Figure 8 illustrates another non-limiting exemplary method of determining how to signal UCI.
Figure 9 illustrates another non-limiting exemplary method of determining how to signal UCI.
Figure 10 illustrates another non-limiting exemplary method of determining how to signal UCI.
Figure 11 illustrates another non-limiting exemplary method of determining how to signal UCI.
Figure 12 illustrates another non-limiting exemplary method of determining how to signal UCI.
Figure 13 illustrates another non-limiting exemplary method of determining how to signal UCI.
Figure 14 illustrates another non-limiting exemplary method of determining how to signal UCI.
Figure 15 illustrates another non-limiting exemplary method of determining how to signal UCI.

Figure 16 illustrates another non-limiting exemplary method of determining how to signal UCI.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0008] Figure 1 illustrates non-limiting, exemplary UE 101 that may implement the present
subject matter and features of LTE-A. UE 101 may be a wireless transmit and receive unit
(WTRU) of any type, including a mobile telephone, a smart phone, a personal data assistant
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(PDA), a laptop, or any other device that may wirelessly communicate with one or more other
devices or networks. In some embodiments, UE 101 may be configured to communicate with
an LTE-A network or system. UE 101 may be configured with processor 140, which may be
communicatively connected with memory 150 and may draw power from a power source, such
as battery 160, which may also provide power to any or all of the other components of UE 101.
Processor 140 may be configured to perform UCI signaling and related functions as disclosed
herein, as well as any other functions disclosed herein and/or any other functions that may be
performed by a processor configured in a UE. Memory 150 may be configured to store data,
including computer executable instructions to perform any function described herein or any
other function that may be performed by a UE. UE 101 may also be configured with one or
more antennas 110a-d, which may transmit data received from one or more transceivers 120a-
d to a base station, eNodeB, or other network device, and may provide data from such a
device to one or more transceivers 120a-d.

[0009] Transceivers 120a-d and/or antennas 110a-d may be communicatively connected to
antenna mapping/precoding module 130. Antenna mapping/precoding module 130 may be
communicatively connected to processor 140. Note that any or all of the components illustrated
in Figure 1 may be physically the same component or combined into a single physical unit, or
alternatively may be physically separate. For example, antenna mapping/precoding module
130, processor 140, and transceivers 120a-d may be physically configured on a single
microchip, or may each be configured on individual microchips. Any variations of such
configurations are contemplated as within the scope of the present disclosure.

[0010] UE 101 may be configured to communicate wirelessly with eNodeB 170. In addition to
components that may be found in a typical eNodeB, eNodeB 170 may include processor 173,
which may be any processor or multiple processors that may be configured to perform eNodeB
functions and/or the subject matter disclosed herein. Processor 173 may be communicatively
connected to memory 174, which may be any type of memory or combination of memory
types, including volatile and non-volatile memory. eNodeB 170 may also be configured with
transceivers 172a-d, which may be communicatively connected to antennas 171a-d,
configured to facilitate wireless communications, for example, with UE 101 in an LTE or LTE-A
system. Multiple transmit and/or receive antennas may be configured on eNodeB 170 in order
to facilitate MIMO and/or other technologies that may take advantage of such multiple
antennas.

[0011] eNodeB 170 may be communicatively connected, via one or more wireless or wired
communications connections, to Mobility Management Entity/Serving Gateway (MME/S-GW)
180. MME/S-GW 180 may be configured with processor 181 which may be any processor or
multiple processors that may be configured to perform MME/S-GW functions and/or the subject
matter disclosed herein. Processor 181 may be communicatively connected to memory 182,
which may be any type of memory or combination of memory types, including volatile and non-
volatile memory. In one embodiment, UE 101, eNodeB 170, and/or MME/S-GW 180 are
configured to implement UCI signaling in an LTE-A system as disclosed herein.
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[0012] DFT-S-OFDM may be used as a communications means fromUE 101 to eNodeB 170
(i.e., in uplink). DFT-S-OFDM is a form of OFDM transmission with the additional constraint
that the time-frequency resource assigned to a UE consists of a set of frequency-consecutive
sub-carriers. An LTE uplink may not include a direct current (DC) subcarrier. The LTE uplink
may include one mode of operation wherein frequency hopping can be applied to
transmissions by a UE. In the LTE Release 8 (R8) uplink (UL), there is a need for certain
associated layer 1/layer 2 (L1/2) uplink control information (UCI) to support the UL
transmission, downlink (DL) transmission, scheduling, multiple-input multiple-output (MIMO),
etc. For example, UE 101 may be configured to provide UCI to eNodeB 170 periodically and/or
aperiodically. UCI may consist of hybrid automatic repeat request (HARQ)
acknowledgement/negative acknowledgement (ACK/NACK) which may be 1 or 2 bits, channel
status reporting including a channel quality indicator (CQl), a precoding matrix indicator (PMI),
and/or rank indicator (RI) which may be 4-11 bits when transmitted on a physical uplink control
channel (PUCCH), and a scheduling request (SR) which may be 1 bit. These examples of
numbers of bits for these types of UCI correspond to the number of bits for these types in LTE
Release 8. The number of bits for these types is not limited to these values and other
embodiments are contemplated as within the scope of the present disclosure.

[0013] In embodiments and examples described herein that refer to CQI, PMI, and RI bit
types specifically, these embodiments may be easily extended to include additional UCI bit
types that may be supported by a UE and reported periodically or aperiodically. These
embodiments and examples may also be easily extended to replace any one or more of the
CQl, PMI, and RI bit types with other types of UCI bits that may be supported by a UE and
reported periodically or aperiodically.

[0014] In LTE Release 8, UCI may be transmitted, for example by UE 101, in one of two ways.
In the absence of assigned Physical UL Shared Channel (PUSCH) resources in a subframe,
the UE 101 may transmit the UCI using Physical UL Control Channel (PUCCH) resources.
When UL data is present or the UE is otherwise transmitting data on a physical uplink shared
channel (PUSCH), UCI signaling may take place on PUSCH and may be multiplexed with data
on the PUSCH. However, in Release 8, simultaneous transmission of PUCCH and PUSCH is
not supported. In addition, the simultaneous transmission of ACK/NACK and CQI by a UE may
not be enabled by UE-specific higher layer signaling. In this case, the CQl is dropped, and only
the ACK/NACK is transmitted using the PUCCH, which may result in some degradation in the
scheduling and rate adaptation accuracy.

[0015] In LTE-Advanced (LTE-A), introduced in 3GPP Release 10 (R10), simultaneous
PUSCH and PUCCH transmission, for example by UE 101, may be supported and the single-
carrier constraint on UL waveform is relaxed. In Release 10, both frequency-contiguous and
frequency-non-contiguous resource allocation on each UL component carrier is supported.

[0016] In LTE-A, it is anticipated that the UCI size (number of UCI bits) will be increased,
compared to LTE, taking into account the new features including coordinated multipoint
transmission (COMP), higher order DL MIMO, bandwidth extension, and Relay. For example,
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in order to support high order MIMO (e.g., 8x8 MIMO) and/or COMP, a large amount of
channel status reports (CQI/PMI/RI) may be fed back to the serving eNodeB (and possibly
neighboring eNodeB(s) in COMP implementations). The UCI overhead will be further increased
by the use of asymmetric bandwidth extension. Accordingly, the payload size of Release 8 LTE
PUCCH may not be sufficient to carry the increased UCI overhead (even for a single DL
component carrier) in LTE-A. UCI signaling in LTE-A may be more flexible than UCI signaling in
LTE, allowing for more configurations in UCI signaling in LTE-A. Due to this, and since the UCI
size (number of UCI bits) may be larger in LTE-A, new configurations to support the increased
UCI size may be needed. In some embodiments of the present disclosure, the capability of
simultaneous PUSCH and PUCCH transmission is taken advantage of in order to transmit the
UCI signaling that may be generated in an LTE-A system, or any other system.

[0017] In addition, as the power settings for the PUSCH and PUCCH, respectively, are done
independently, some rules for LTE-A UCI signaling are set forth herein for embodiments that
take advantage of the simultaneous PUCCH and PUSCH transmission in a subframe for the
situations where the sum of the power levels of the PUSCH and PUCCH reaches or exceeds
the given maximum transmit power.

[0018] Note that as used herein, a physical uplink control channel (PUCCH) may be an LTE or
LTE-A PUCCH, which is an uplink channel that carries uplink control information. Alternatively,
a PUCCH as used herein can be any channel or multiple channels or other wireless
communications means that may be used, exclusively or non-exclusively, to transmit control
information for an uplink. As used herein, a physical uplink shared channel (PUSCH) may be
an LTE or LTE-A PUSCH, which is an uplink channel that carries user data (i.e., SCH data).
Alternatively, a PUSCH as used herein can be any channel or multiple channels or other
wireless communication means that may be used, exclusively or non-exclusively, to transmit
user data on an uplink. A PUSCH as used herein may also carry control information. Uplink
control information (UCI) as used herein may be specific LTE or LTE-A control information, or
UCI may be any control information used in any wireless system carried on any type of channel
or wireless communications means. All such embodiments are contemplated as within the
scope of the present disclosure.

[0019] Figure 2 shows wireless communication system/access network 200 which may be
configured as part of or as an entire LTE or LTE-A system. Network 200 may include Evolved-
Universal Terrestrial Radio Access Network (E-UTRAN) 250. E-UTRAN 250 may include UE
210, which may be any type of UE or WTRU, including UE 101 of Figure 1, and one or more
evolved Node Bs (eNodeBs) 220a, 220b, and 220c¢, which may be any device configured to
perform the functions of an eNodeB, such as eNodeB 170 of Figure 1. As shown in Figure 2,
the UE 210 may be in communication with eNodeB 220a. eNodeBs 220a, 220b, and 220c may
interface with each other using an X2 interface. eNodeBs 220a, 220b, and 220c may also be
connected to Mobility Management Entity (MME)/Serving Gateway(S-GW) 230a and/or 230b,
through an S1 interface. MME/S-GWs 230a and 230b may be any device configured to
perform the functions of an MME/S-GW, such as MME/S-GW 180 of Figure 1. Although a
single UE 210 and three eNodeBs 220a, 220b, and 220c are shown in Figure 2, it is
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contemplated that any number and combination of wireless and wired devices may be included
in network 200.

[0020] In some embodiments implemented in an LTE-A system, it may be desirable to
transmit UL control information (UCI) from a UE to an eNodeB in order to support UL user data
transmissions and other UL transmissions, DL user data transmissions and other DL
transmission, scheduling data, MIMO data, efc. UCI may include, but is not limited to, HARQ
ACK/NACK(s), channel status reporting, CQI/PMI/RI, and/or scheduling request(s) (SR). It
should be noted that the term of "user data" as used herein can be interchangeable with "SCH
(shared channel) data". A UE may transmit UCI on PUCCH or PUSCH. Table 1 shows PUCCH
formats defined for LTE that may be used in some embodiments and the corresponding UCI
contents. Formats 2a and 2b are supported for normal cyclic prefix only. In some
embodiments, when transmitting UCI on PUSCH, the same formats may be used.

Table 1. PUCCH Formats and Corresponding UCI contents

PUCCH Modulation Number of bits per ucl
Format Scheme subframe, Mp;;
1 N/A N/A SR
1a BPSK 1 ACK/NACK (SR)
1b QPSK 2 ACK/NACK (SR)
2 QPSK 20 CQI/PMI/RI
CQI/PMI/RI &
2a QPSK+BPSK 21 ACK/NACK
CQI/PMI/RI &
2b QPSK+QPSK 22 ACK/NACK

[0021] The time and frequency resources that may be used by a UE to report UCI may be
controlled by an eNodeB. Some UCI, such as CQI, PMI, and RI reporting may be periodic or
aperiodic. In some embodiments, aperiodic reports may provide similar data to that provided
by periodic reports, as well as additional data. In such embodiments, if both periodic and
aperiodic reporting would occur in the same subframe, the UE may be configured to only
transmit the aperiodic report in that subframe.

[0022] The CQI and PMI payload sizes of each PUCCH reporting mode may be
predetermined, for example provided by 3GPP standard specifications. Other UCI type payload
sizes of each PUCCH reporting mode may be predetermined, for example provided by 3GPP
standard specifications.

[0023] In order to handle the increased UCI sizes and higher volumes of uplink control
information (UCI) that may occur in LTE-A systems, several embodiments introduced by the
present disclosure may be used. Some of the embodiments disclosed herein take advantage
of the simultaneous PUSCH and PUCCH transmission capabilities of LTE-A.
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[0024] In an embodiment, alternative configurations for signaling UCI from a UE in an LTE-A
system may be employed in addition to the LTE UCI signaling methods. In a first such
embodiment, multiple PUCCH transmissions may be used for multiple UCI fields or reports.
Multiple PUCCH transmissions (or resources), for multiplexing multiple UCI fields/reports may
be implemented such that multiple PUCCH transmissions are either code-multiplexed or
frequency-multiplexed. For example, in LTE when the transmission of channel quality indicator
(CQl) collides with the scheduling request (SR) transmission in the same subframe, the CQl is
dropped. However, in LTE-A, it is possible to have CQIl and SR transmitted simultaneously in
the same subframe using code division multiplexing (CDM) (i.e., using different orthogonal
phase rotations of a cell-specific sequence) or frequency division multiplexing (FDM) (i.e.,
using different resource blocks (RBs)). Accordingly, a UE may multiplex the PUCCH format 1
(possibly with 1a/1b) and format 2 (possibly with 2a/2b) to simultaneously transmit them over
multiple PUCCH resources. Alternatively, multiple PUCCH transmissions may be considered to
transmit high volume LTE-A UCI from a UE.

[0025] In embodiments implementing UCI signaling over multiple PUCCH resources, CDM,
FDM, or time division multiplexing (TDM), or any combination thereof, may be used to signal
UCI. In one embodiment, when high volume UCI is needed, the UCI may be transmitted from a
UE over multiple PUCCH resources using CDM (i.e., different phase rotations of a cell-specific
sequence). In such embodiments, different orthogonal phase rotations (equivalently cyclic
shifts) of a cell-specific length-12 frequency domain (or time domain) sequence may be applied
for each bit (or a group of bits, or different control fields) of UCI. For example, in the case of
asymmetric bandwidth extension (such as 2 DL component carriers and 1 UL component
carrier), HARQ ACK/NACK bits for different DL component carriers may be transmitted in a
single UL carrier using different phase rotations of a cell-specific sequence. Alternatively or
additionally, as illustrated in Figure 3, ACK/NACK bits for different DL carriers (ACK/NACK bits
310 and 320) may be transmitted (on the same time-frequency resource) using the same

phase rotated sequence, but using different orthogonal cover sequences, w! and w? for
Carrier-1 and Carrier-2, respectively.

[0026] An eNodeB may configure a UE to multiplex multiple UCI fields/reports in a subframe
by Layer 1 or 2 (L1/2) signaling or higher layer signaling. In embodiments that employ multiple
PUCCH transmissions, if the total transmit power of the multiple PUCCHs exceeds the UE's
maximum transmit power, denoted as Pmax, (or Pmax + P_threshold, where P_threshold is a
threshold), then the UE may piggyback to the LTE UE procedure, (i.e., by dropping a low
priority feedback report, such as CQI/PMI).

[0027] An eNodeB may employ blind detection for the multiple PUCCH transmissions to
determine which PUCCH transmissions (UCI fields) are applied in the subframe. Alternatively,
some of the power reduction/back-off approaches disclosed in U.S. Patent Application No.
12/703,092, filed February 9, 2010, entiled "APPARATUS AND METHOD FOR UPLINK
POWER CONTROL FOR A WIRELESS TRANSMITTER/ RECEIVER UNIT UTILIZING
MULTIPLE CARRIERS", which is hereby incorporated by reference in its entirety, may be used,
in some embodiments with some modification. For example, after calculating the power levels
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for each PUCCH, if the sum of the powers exceeds Pmax, then the respective transmit power
may be adjusted with an equal power or a relative power (depending on the priority of the
individual channel) in order to comply with the maximum power limitation. Another option for
the power setting for multiple PUCCHs is to modify the LTE PUCCH power control such as
introducing a power offset for the individual PUCCH. Exceeding maximum allowed CC transmit
power(s) may instead of or in addition to exceeding Pmax be considered for these decisions.

[0028] In an alternative embodiment, UCI signaling over multiple PUCCH resources may be
implemented using FDM. In such an embodiment, each bit (or a group of bits like ACK/NACK
bits and CQI bits, or different control fields) of UCI may be transmitted using a different RB pair
within a pre-configured PUCCH region (i.e., PUCCH resources). Figure 4 illustrates an
example of using multiple PUCCH RB resources (FDM based) in PUCCH region 410 to
transmit high volume UCI (e.g., multiple UCI reports) such that ACK/NACK is transmitted over
RB 420 corresponding m=0, while in the same subframe CQI/PMI/RI is transmitted over a
different RB, such as RB 430 corresponding m=2. Alternatively or additionally, in the case of
asymmetric bandwidth extension (such as 2 DL component carriers and 1 UL component
carrier), UCI bit(s) for different DL component carriers may be transmitted over different RB
pairs such as m=0, 2 for Carrier-1 and Carrier-2, respectively.

[0029] In another embodiment, UCI signaling over multiple PUCCH resources may be
implemented using TDM. In such an embodiment, each bit (or a group of bits like ACK/NACK
bits and CQlI bits, or different control fields) of UCI may be transmitted with time division base
(TDB) on an OFDM symbol basis, on a slot basis, or on a subframe basis.

[0030] Note that in the above UCI signaling over multiple PUCCH resources embodiments, the
UE may be configured by an eNodeB through higher layer signaling (or L1 signaling) regarding
which PUCCH resources (time/frequency/code) are allocated to the UE. In these embodiments,
the R8 LTE PUCCH formats may be maintained as specified in the 3GPP standard
specification; that is, maintaining backward compatibility to R8 LTE. In addition, in the case of
CDM (and FDM), the CM (cubic metric) may be increased depending on the number of
resources (codes/phase rotations or RBs) in use. Accordingly, the impact of CM on the power
setting for PUCCH may be taken into consideration, that is, to apply a power backoff by an
amount of the CM increase, if any.

[0031] In another embodiment, UCI signaling over both PUCCH and PUSCH in the same
subframe (transmitting UCI, for example high volume UCI, on both PUSCH and PUCCH(s)
from a UE) may be implemented, for example when asymmetric carrier aggregation, higher
order DL MIMQ, and/or COMP is in use. For signaling UCI on both PUCCH(s) and PUSCH
(simultaneous PUCCH and PUSCH transmission for UCI) in the same subframe, ACK/NACK
and/or SR may be multiplexed with CQI/PMI/RI such that ACK/NACK and/or SR may be
transmitted on PUCCH while in the same subframe (periodic or aperiodic) CQI/PMI/RI signaling
may be carried out on PUSCH (or vice versa). In some embodiments, a UE with no user data
to transmit may be configured to send UCI on PUSCH without UL data. For instance, a UE in
DL COMP may transmit UCI (including ACK/NACK, CQI/PMI/RI, and SR) associated with the
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serving (anchor) cell over the PUSCH intended for the serving cell, while in the same subframe
the UE may transmit other control information (e.g., CQI/PMI) targeting non-serving (anchor)
cells over a pre-specified PUCCH(s) for that recipient cell(s), or vice-versa.

[0032] Figure 5 illustrates an example of transmitting UCI on both PUCCH(s) and PUSCH
from a UE in DL COMP. In this example, it is assumed that the UE has UL shared channel (UL-
SCH) data transmitted in the subframe. If the UE does not have any data to be transmitted at
that time, UCI is sent on PUSCH without UL data. Alternatively or additionally, in the case of
asymmetric CA (e.g., 1 UL carrier and N DL carriers where N>1), the UE may transmit UCI
associated with the DL anchor carrier over either PUSCH or PUCCH(s). At the same time, the
UE may transmit UCI for DL non-anchor carrier(s) over the other physical channel (e.g.,
unused for the DL anchor carrier). Alternatively, the UE may transmit UCI for DL non-anchor
carrier(s) over PUSCH on a different UL component carrier (CC).

[0033] In an LTE-A system embodiment, the power setting for PUSCH and PUCCH,
respectively, may be done independently. In the case of transmitting UCI over both PUSCH and
PUCCH(s) in the same subframe, when Pmax is reached (i.e., the case of negative power
headroom), power backoff approaches, including those described in U.S. Patent Application
No. 12/703,092 referenced herein, such as equal power reduction, relative power reduction, or
power reduction using channel (and/or UCI type) based priority, in order to comply with the
maximum power limitation. Alternatively or additionally, a UE transmitting UCI using both
PUSCH and PUCCH that detects that Pmax is reached may switch to the method of
transmitting UCI using multiple PUCCH resources as disclosed herein. In another alternative,
such a UE may transmit UCI using PUSCH only. Alternatively, the UE may transmit UCI using
PUCCH only possibly dropping low priority UCI fields like CQI/PMI, if any. Exceeding maximum
allowed CC transmit power(s) may instead of or in addition to exceeding Pmax be considered
for these decisions.

[0034] In another embodiment, simultaneous periodic PUCCH and aperiodic PUSCH
transmissions for UCI may be implemented. In legacy LTE (R8) systems, in the event of a
collision between periodic CQI/PMI/RI reports and aperiodic CQI/PMI/RI, periodic CQI/PMI/RI
reporting is dropped in that subframe. However, the UE may be configured to transmit both the
aperiodic report and periodic report in the same subframe if necessary. For instance, in
asymmetric CA, the UE may be configured to perform periodic CQI/PMI/RI, reporting
associated with the DL anchor carrier using PUCCH and to perform aperiodic CQI/PMI/RI,
reporting associated with DL non-anchor carrier(s) using the PUSCH, or vice versa, in the
same subframe. When Pmax is reached (i.e., the case of negative power headroom), the UE
may drop the aperiodic CQI/PMI/RI reporting on the PUSCH. Alternatively, the UE may drop
the periodic CQI/PMI/RI reporting on the PUCCH. Exceeding maximum allowed CC transmit
power(s) may instead of or in addition to exceeding Pmax be considered for these decisions.

[0035] In another embodiment, high volume UCI may be transmitted on PUSCH. When the
UCI payload size is so large (such as the sum of the number of HARQ ACL/NACK bits and
number of payload bits for CQI/PMI/RI is larger than a threshold) that it cannot fit into a
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PUCCH resource, the UCI may be sent on PUSCH with or without UL-SCH data (depending on
whether the UE has been scheduled for data transmission or not), similar to LTE UCI signaling
on PUSCH when UE has been scheduled for data transmission on PUSCH. In this
embodiment, it may not be necessary for the UE to be scheduled for data transmission on
PUSCH to carry the UCI. Rather, the UE may be configured by higher layer signaling or L1/2
signaling when the UCl is to be carried on PUSCH.

[0036] An eNodeB may configure a UE to transmit UCI on both PUCCH and PUSCH, or
configure a UE to not transmit UCI on both PUCCH and PUSCH, for example depending on the
UE's capability, DL/UL configuration/service, channel condition, PUSCH/PUCCH resource
availability, and/or UE transmit power availability. The configuration may be given to the UE
through L1/2 signaling or higher layer signaling. For transmitting UCI on both PUCCH(s) and
PUSCH in the same subframe, after calculating the power levels for the PUCCH and PUSCH,
respectively, if the sum of the powers exceeds Pmax, then power backoff approaches may be
used (including those described in U.S. Patent Application No. 12/703,092 referenced herein),
such as the respective channel transmit power may be adjusted/reduced with an equal power
or a relative power (depending on the priority of the individual channel), or a predefined offset,
in order to comply with the maximum power limitation. In yet another alternative, the UE may
transmit the UCI on the PUCCH only possibly dropping low priority UCI fields like CQI/PMI. In
still another embodiment, the UE may transmit all the required UCI fields on PUSCH only with
or without uplink shared channel (UL-SCH) data depending on whether the UE has been
scheduled for data transmission or not). In any of these embodiments, the eNodeB may
employ blind detection for the individual physical channel (i.e., PUCCH and PUSCH) to
determine which physical channel(s) (or UCI fields) are transmitted in the subframe. Exceeding
maximum allowed CC transmit power(s) may instead of or in addition to exceeding Pmax be
considered for these decisions.

[0037] In an alternative embodiment, legacy LTE UCI signaling may be performed by a UE
with LTE-like DL/UL configuration (such as one-to-one DL/UL spectrum mapping, no COMP).
The UCI overhead may be similar to LTE R8. However, unlike LTE R8, the UE may transmit
HARQ ACK/NACK on PUCCH (in one embodiment, in order to improve ACK/NACK reliability),
while in the same subframe transmitting aperiodic CQI/PMI/RI on PUSCH.

[0038] In another alternative, new PUCCH formats with higher order modulation (16QAM)
may be used to support a larger UCI size. These new PUCCH formats may be defined using
higher order modulation. As shown in Table 2, new PUCCH formats are introduced using
16QAM, (format 3, 4/4a/4b/4c). The PDCCH format 3 may be used for carrying 4 bits of
ACK/NACK (possibly with SR). For example, 4 bits of ACK/NACK may be used in carrier
aggregation (for example, 2 DL carriers with SM MIMO and 1 UL carrier). The PUCCH format
4/4a/dbldc may be used to feedback 40 coded bits of CQI/PMI/RI bits (with ACK/NACK in
4al/4bl4c) in LTE-A. For the new formats disclosed herein, the power setting for PUCCH may
include a power offset to accommodate the usage of higher order modulation, 16 QAM (i.e., to
reflect the fact that different SINR is required for different modulation schemes).

Table 2. Extended PUCCH formats
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PUCCH Modulation Number of bits per ,
Format Scheme subframe, Myt UCl field(s)
1 N/A N/A SR
1a BPSK 1 ACK/NACK (SR)
1b QPSK 2 ACK/NACK (SR)
2 QPSK 20 CQI/PMI/RI
CQI/PMI/RI &
2a QPSK+BPSK 21 ACK/NACK
CQI/PMI/RI &
2b QPSK+QPSK 22 ACK/NACK
3 16QAM 4 ACK/NACK (&SR)
4 16QAM 40 CQl/PMI/RI
CQI/PMI/RI &
4a 16QAM+BPSK 41 ACK/NACK
CQI/PMI/RI &
4b 16QAM+QPSK 42 ACK/NACK
CQI/PMI/RI &
4c 16QAM+16QAM 44 ACK/NACK

[0039] Note that in all of the embodiments set forth above using LTE-A UCI signaling, the
eNodeB may configure the UE to transmit UCI by L1/2 signaling or higher layer signaling.

[0040] In an alternative embodiment, simultaneous PUCCH and SRS transmissions may be
used in an LTE-A system that supports simultaneous PUCCH(s) (and PUSCH) and SRS
transmissions in the SRS symbol location (last OFDM symbol). In such embodiments, a UE
may transmit SRS even though SRS and PUCCH format 1/1a/1b (including normal PUCCH
format 1/1a/1b) and/or 2/2a/2b (and potentially formats 3/4/4a/4b/4c as set forth herein) and
the transmission occur in the same subframe simplifying such transmissions in an LTE-A
system.

[0041] In another embodiment, UCI signaling may be performed in LTE-A systems that
implement UL MIMO. Several MIMO modes for PUSCH may be used including spatial
multiplexing (SM) MIMO (such as open loop and closed loop SM MIMO), beamforming (BF),
and transmit diversity (such as cyclic delay diversity (CDD), space-time block coding (STBC),
space-frequency block coding (SFBC), spatial-orthogonal resource transmit diversity (SORTD),
etc). An LTE-A system configured according to the present disclosure may use any of the
following MIMO modes for UCI signaling. For UCI transmission on PUCCH, any of the following
MIMOQO options may be implemented:

e beamforming with one layer (In this case, the eNodeB provides a codebook or PMI
feedback for the UE.);
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e CDD transmission (ix) diversity;

* STBC/SFBC/SORTD;

¢ antenna switching (In this case, antenna switching may be done on an OFDM symbol
basis or slot basis.); and

« when simultaneous PUSCH and PUCCH transmission in UL MIMO is implemented
where UCI is transmitted on PUCCH, any one of the above MIMO options may be used
for PUCCH regardless of the MIMO mode for PUSCH.

[0042] For UCI transmission on PUSCH, in one embodiment a UL MIMO scheme for the UCI
part in PUSCH may be applied independently of the UL MIMO for the data part where the
MIMO scheme for the UCI part may be any one of the following:

» beamforming with one layer;

» CDD tx diversity;

» STBC/SFBC;

e antenna switching (In this case, antenna switching may be done on a OFDM symbol
basis or slot basis.);

e antenna selection; and

» the same MIMO mode as the data part of PUSCH may be applied for the UCI part.

[0043] In another embodiment, the UE may transmit all UCI bits on PUSCH only where a large
UCI size may be used for LTE-A UCI transmission.

[0044] Methods and systems will now be described providing more detailed embodiments of
simultaneous PUCCH/PUSCH UCI transmissions. Methods and systems are provided that
allow a UE to determine which, if any, of the UCI bits to transmit on PUCCH and which, if any,
to transmit on PUSCH. For a UE with user data to transmit on PUSCH, UCI transmitted on
PUSCH may be transmitted along with the data. For PUSCH transmissions without user data,
only the UCI may be transmitted on the PUSCH. In the below embodiments, the UCI bits may
include the UCI for the given subframe for all of the active (or configured) downlink component
carriers (DL CCs). Based on various factors such as scheduling, eNodeB requests, and DL
transmissions, UCI bits for a given DL CC may include one or more of ACK/NACK bits (actual
bits or bits reserved for ACK/NACK even if not sent), CQI bits, PMI bits, RI bits, other types of
feedback bits (such as long-term (also called outerloop) PMI or short-term (also called
innerloop) PMI), and any other control bits that a UE may send to the radio network. Different
DL CCs may have different UCI bit types to be transmitted in a given subframe. Any one or
more DL CCs may have no UCI bits to be transmitted in a given subframe. UCI bits may also
include types of control bits not specifically related to DL CCs.

[0045] Note that CQl and PMI reports are typically reported together and are referred to as
CQI/PMI reports herein. However, such reports may be reported separately, and the
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embodiments herein may be easily extended to such embodiments. As a variation to each of
the methods and embodiments described herein, PUCCH may be extended to mean multiple
PUCCHSs if multiple PUCCHs are allocated in a given subframe and are allowed to carry UCI.

[0046] In an embodiment, a decision may be made as to how UCI is to be transmitted based
on the number of UCI bits to transmit (which may also be referred to as the UCI payload size)
within a subframe. Figure 6 illustrates a method of implementing such an embodiment. At block
610, a determination is made as to the number of UCI bits to be transmitted. In one
embodiment, this determination may exclude any aperiodic CQI/PMI/RI reporting bits and any
other aperiodic reporting bits. Other embodiments may include such aperiodic reporting bits.

[0047] At block 620, a determination may be made as to whether the number of UCI bits is
less than or equal to some number N. N may be pre-configured on a UE or signaled to a UE by
an eNodeB. The value of N may be a function of PUCCH format such that there may be a
different value of N for each PUCCH format. If the number of UCI bits is less than or equal to
N, the UE may prepare to transmit all the UCI bits on the PUCCH at block 630. If the number of
UCI bits is greater than N, the UE may prepare to transmit a subset of the UCI bits on PUCCH
and the rest of the UCI bits on PUSCH at block 640. For example, the UE may prepare to
transmit ACK/NACK bits on PUCCH and the remaining UCI bits (such as CQI, PMI, and RI bits)
on PUSCH. Alternatively, a determination may be made at block 650 as to whether the number
of UCI bits is greater than N', where N' > N. N' may be pre-configured on a UE or signaled to a
UE by an eNodeB. The value of N' may be a function of PUCCH format such that there may be
a different value of N' for each PUCCH format. In this embodiment, if the number of UCI bits is
greater than N’, then at block 660 the UE may prepare to transmit all the UCI bits on the
PUSCH and none on the PUCCH. If the number of UCI bits is greater than N but less than or
equal to N', the UE may prepare to transmit a subset of the UCI bits on PUCCH and the rest of
the UCI bits on PUSCH at block 640. In another alternative, if the number of UCI bits is
determined to be greater than N at block 620, then the UE may prepare to transmit all the UCI
bits on the PUSCH and none on the PUCCH at block 660.

[0048] Note that barring other changes or determinations that may need to be made, such
UCI bits may be transmitted without further adjustment. Throughout the present disclosure, a
UE may be described as "preparing to transmit" UCI bits rather than merely transmitting such
bits to allow for the possibility of additional adjustments before transmission of the UCI bits. For
example, a UE may prepare to transmit UCI bits using both PUCCH and PUSCH, but may later
determine that a power threshold would be reached by such a transmission (as described in
more detail below) and therefore may actually transmit UCI bits using only one of PUCCH and
PUSCH.

[0049] In an alternative embodiment, a UE may determine whether the UCI payload fits on the
allocated PUCCH to determine how it will transmit UCI. Figure 7 illustrates a method of
implementing such an embodiment. At block 710, a determination is made as to the number of
UCI bits to be transmitted (also referred to as the size of the UCI payload). In one embodiment,
this determination may exclude any aperiodic CQI/PMI/RI reporting bits and any other
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aperiodic reporting bits. Other embodiments may include such aperiodic reporting bits.

[0050] At block 720, a determination is made as to whether all of the UCI bits will fit on the
allocated PUCCH. If all of the UCI bits will fit on the allocated PUCCH, at block 730 the UE may
prepare to transmit all the UCI bits on the PUCCH and none on the PUSCH. If the number of
UCI bits does not fit on the PUCCH, at block 740 the UE may prepare to transmit a subset of
the bits on PUCCH and the rest on PUSCH. For example, the UE may prepare to transmit
ACK/NACK bits on PUCCH and the remaining UCI bits (such as CQI, PMI, and RI bits) on
PUSCH. As another example, the UE may prepare to transmit the ACK/NACK bits for all the DL
CCs and all the non-ACK/NACK bits (such as CQI, PMI, and RI bits) for as many DL CCs that
will fit on the PUCCH and the non-ACK/NACK bits (such as CQI, PMI, and RI bits) for the other
DL CCs on the PUSCH. When determining whether the UCI bits will fit on the allocated
PUCCH, the UE may consider all the allowed PUCCH formats for that PUCCH.

[0051] In another embodiment, the UE may compare the UCI payload size to one or more of
the data payload size or the PUSCH size (which may also be called the PUSCH carrying
capacity) to determine how it will transmit UCI. APUSCH size may be measured using one or a
number of factors such as the number of RBs, the number of OFDM symbols, the number of
physical coded bits, or some combination of these or other factors. Figure 8 illustrates a
method of implementing such an embodiment. At block 810, a determination is made as to the
payload size (number of bits) of the UCI to be transmitted. In one embodiment, this
determination may exclude any aperiodic CQI/PMI/RI reporting bits and any other aperiodic
reporting bits. Other embodiments may include such aperiodic reporting bits.

[0052] At block 820 the UE may determine a relationship between the UCI payload size and
one or more of the data payload size and the PUSCH size. For example, the UE may compare
to a threshold N the relative size (for example percentage) of the UCI payload to the PUSCH
size or the relative size (for example percentage) of the UCI payload to the data payload to
determine how to transmit UCI. N may be pre-configured on a UE or signaled to a UE by an
eNodeB. For example, if the UCI payload size percentage of the PUSCH size, or the UCI
payload size percentage of the data payload size, is smaller than the threshold N, the UE may
prepare to transmit all UCI on PUSCH at block 830. If the UCI payload size percentage of the
PUSCH size, or the UCI payload size percentage of the data payload size, is greater than or
equal to the threshold N, the UE may prepare to transmit some UCI bits on PUCCH and other
UCI bits on PUSCH at block 840, or the UE may prepare to transmit all UCI bits on PUCCH at
block 850.

[0053] In an alternate embodiment, the UE may compare the PUSCH size to a threshold to
determine how it will transmit UCI. A PUSCH size may be measured using one or a number of
factors such as the number of RBs, the number of OFDM symbols, the number of physical
coded bits, or some combination of these or other factors. Since this determination is
independent of the UCI payload size, block 810 may be skipped. At block 820, the size of the
PUSCH may be compared to a threshold value N. N may be pre-configured on a UE or
signaled to a UE by an eNodeB. If the carrying capacity of the PUSCH is larger than a given
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threshold N, then the UE may prepare to transmit all UCI on PUSCH at block 830. In the case
of a large PUSCH, the performance penalty for combining UCI with the data on PUSCH may be
reduced so it may be desirable to transmit all of the UCI on PUSCH in this case and avoid the
potential power limitations of simultaneous PUSCH-PUCCH due to maximum power reduction
(MPR) effects. If the capacity of PUSCH is less than or equal to N, the UE may prepare to
transmit some UCI bits on PUCCH and other UCI bits on PUSCH at block 840. Alternatively, the
UE may prepare to transmit all UCI bits on PUCCH at block 850.

[0054] In other embodiments, if the UE is allocated a PUSCH and has no user data to send,
the UE may prepare to transmit UCI on PUSCH or a combination of PUCCH and PUSCH
depending on the UCI payload size. Figure 9 illustrates a method of implementing such an
embodiment. At block 910, a determination that no user data is available for transmission is
made. At block 920, a determination is made as to the number of UCI bits be transmitted. At
block 930 a determination is made as to whether all the UCI bits will fit on the PUSCH. If so, at
block 940 the UE may prepare to transmit all the UCI on the PUSCH. If the number of UCI bits
will not fit on PUSCH, at block 950 the UE may prepare to transmit a subset of the UCI on the
PUCCH, such as the ACK/NACK bits, and the remainder of the UCI bits on the PUSCH.
Alternatively, when the number of UCI bits does not fit on PUSCH, at block 950 the UE may
prepare to transmit all UCI bits on PUCCH. Note that this may only be possible if the PUCCH
carrying capacity is greater than that of the PUSCH. In these embodiments, PUSCH may be
preferred over the PUCCH when the UCI bits will fit because when the UE has no data to send,
transmitting the UCI on the PUSCH does not affect the performance on the PUSCH.

[0055] As a variation in any of these embodiments, if the UCI bits to be transmitted include
CQl, PMI, or RI bits associated with aperiodic CQI/PMI or RI reports, the UE may exclude such
bits when determining the number of UCI bits to be transmitted and/or when determining which
bits may go on PUCCH. In such embodiments, the UE will always transmit CQI, PMI, and RI
bits associated with aperiodic CQI/PMI and RI reports on the PUSCH. Such embodiments may
be desirable when aperiodic reports are much larger than the periodic reports and are unlikely
to fit on PUCCH. If additional aperiodic report types are defined for R10 or in the future, the UE
may be configured to also exclude the bits for those reports in this manner and transmit those
bits on the PUSCH always.

[0056] For example, if the number of UCI bits excluding any aperiodic CQI/PMI and RI report
bits is less than or equal to some number N, or alternatively, less than or equal to the carrying
capacity of PUCCH, then the UE may prepare to transmit all the UCI bits, except any aperiodic
CQI/PMI and RI report bits, on the PUCCH, and may prepare to transmit aperiodic CQI/PMI
and RI report bits on the PUSCH. If the number of UCI bits, excluding any aperiodic CQI/PMI
and RI report bits, is greater than N, or alternatively greater than the carrying capacity of
PUCCH, then the UE may prepare to transmit a subset of the bits on PUCCH and the rest on
PUSCH. For example, in an embodiment the UE may prepare to transmit ACK/NACK bits on
PUCCH and all CQIl, PMI, and RI bits (for periodic and aperiodic reports) on PUSCH.
Alternatively, if the number of UCI bits, excluding any aperiodic CQI/PMI and RI report bits, is
greater than N’ (where N' > N), then the UE may prepare to transmit all the UCI bits on the
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PUSCH and none on the PUCCH. In another alternative, if the number of UCI bits, excluding
any aperiodic CQI/PMI and RI report bits, is greater than N, then the UE may prepare to
transmit all of the UCI bits on the PUSCH and none on the PUCCH. N and N' may each be pre-
configured on a UE or signaled to a UE by an eNodeB. The values of N and N' may each be a
function of PUCCH format such that there may be a different value of N and/or N' for each
PUCCH format.

[0057] Note that for any of the embodiments disclosed herein, when determining the carrying
capacity of PUCCH, the UE may consider all the allowed PUCCH formats for the allocated
PUCCH. In each of the embodiments, if scheduling is such that periodic and aperiodic UCI
reports of the same type would be transmitted simultaneously for a given DL CC, the UE may
omit the periodic report of that type for that CC from transmission and from the determination
of the UCI payload size.

[0058] In other embodiments, a UE may determine how it will transmit UCI based on the type
of UCI bits that it needs to transmit and such determination may be based on UCI type priority.
In one such embodiment, illustrated in Figure 10, the types of bits in UCI may be determined at
block 1010. At block 1020, a determination may be made as to whether any of the UCI bits to
be transmitted are ACK/NACK bits. If the UCI bits to be transmitted contain ACK/NACK bits, the
UE may prepare to transmit the ACK/NACK bits on the PUCCH and all other types of UCI bits
on the PUSCH at block 1030. Since the ACK/NACK bits may be the most important bits, they
may be sent on the PUCCH for better performance than on the PUSCH.

[0059] Alternatively, as illustrated in Figure 11, a UE may be configured to know which types of
UCI bits fit together on the PUCCH in each of the PUCCH formats and determine how to
transmit UCI based on that knowledge. At block 1110, the types of bits in UCI to be transmitted
may be determined by a UE. At block 1120 the UE may choose the combination of the highest
priority types that fit together, in one embodiment such that the number of high priority bits that
will be transmitted on PUCCH is maximized. At block 1130, the UE may prepare to transmit the
combination of the highest priority types that fit together on the PUCCH using the appropriate
PUCCH format. Note that in many embodiments, ACK/NACK has the highest priority, RI (or
equivalent) has the second highest priority, and CQI/PMI (or equivalent) follows in priority. The
UE may transmit all other types of UCI on the PUSCH.

[0060] In further embodiments, a UE may determine how it will fransmit UCI bits based on a
downlink (DL) configuration, including, for example, a number of active (or configured) DL CCs
and/or the DL transmission mode, such as the use of multi-antenna techniques. In one such
embodiment, if a UE determines that the number of DL CCs is one and the DL transmission
mode is a transmission mode supported in R8, the UE may prepare to transmit all of the UCI
on PUSCH and none on PUCCH. An alternative embodiment using DL configuration is
illustrated in Figure 12. At block 1210, a determination may be made as to whether the number
of DL CCs is one and the DL transmission mode is a transmission mode supported in R8-LTE.
If not, for example if the number of DL CCs is greater than one, the UE may prepare to
transmit a subset of the (aggregated) UCI bits on the PUCCH and the rest of the UCI bits on
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the PUSCH at block 1215. The UE may determine which bits to transmit on PUCCH and which
bits to transmit on PUSCH in accordance with other methods and embodiments described
herein.

[0061] If there is only one DL CC and the DL transmission mode is a transmission mode
supported in R8-LTE, at block 1220, a determination may be made as to whether the UCI
contains ACK/NACK bits. If so, at block 1230, the UE may prepare to transmit the ACK/NACK
bits on the PUCCH. At block 1240, a determination may be made as to whether there are
periodic CQI/PMI and periodic RI bits in the UCI. If so, the UE may prepare to transmit the
periodic RI bits on PUCCH and the periodic CQI/PMI bits on PUSCH at block 1250. At block
1260, a determination may be made as to whether there are periodic CQI/PMI bits and no
periodic Rl bits. If so, the UE may prepare to transmit the periodic CQI/PMI bits on PUCCH at
block 1270. At block 1280, a determination may be made as to whether there are periodic RI
bits and no periodic CQI/PMI bits. If so, the UE may prepare to transmit the periodic RI bits on
PUCCH at block 1290. If the UE determines that there are aperiodic UCI report bits, the UE
prepares to transmit those on PUSCH.

[0062] In some embodiments, a UE may determine how it will transmit UCI based on UL
transmission mode, such as the number of transmit antenna ports, and/or PUSCH
configuration, including contiguous PUSCH RB allocation vs. non-contiguous PUSCH RB
allocation. In one such embodiment, if a UE is configured to transmit PUSCH (carrying two
codewords) with multiple antenna ports in a subframe, then the UE may prepare to transmit
CQI/PMI bits on the PUSCH and the reminder of the UCI bits (e.g., ACK/NACK bits and/or RI
bits) on PUCCH. Alternatively, the UE may prepare to transmit all of the UCI bits on PUSCH
and none on PUCCH.

[0063] In other embodiments, if non-contiguous PUSCH RB allocation grant is given to a UE,
then the UE may prepare to transmit all of the UCI on PUSCH and none on PUCCH. Otherwise
(i.e., contiguous PUSCH RB allocation case), the UE may prepare to transmit UCI bits using
one or more methods disclosed herein.

[0064] In some embodiments, there may be both periodic and aperiodic UCI reports of the
same type requested (or scheduled for transmission) for a DL CC in the same subframe. In
this case, the UE may transmit (or prepare to transmit) the aperiodic UCI report bits for that CC
on PUSCH and the UE may drop (not transmit) the periodic report for that type for that CC.
Figure 13 illustrates one method of implementing such an embodiment. At block 1310, a
determination may be made that there are both periodic and aperiodic reports of the same
type requested (or scheduled for transmission) for a DL CC in the same subframe. At block
1320, the UE may drop (not transmit) the periodic report for that type for that CC. At block
1330, the remaining UCI contents may be transmitted or prepared for transmission, in some
embodiments using one or more methods disclosed herein.

[0065] In some embodiments, there may be both periodic and aperiodic UCI reports
requested for different DL CCs in the same subframe. For example there may be a periodic
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UCI report requested for one DL CC, while there may be an aperiodic UCI report requested for
another DL CC. In this case, the UE may transmit (or prepare to transmit) the periodic UCI
report bits on PUCCH and the aperiodic UCI report bits on PUSCH or vice versa.

[0066] In other embodiments, a UE may use DL CC priority to determine how it will transmit
UCI where the primary DL CC has the highest priority. Figure 14 illustrates one method of
implementing such an embodiment. At block 1410, a UE may determine whether any of the
UCI bits are for a primary DL CC. If not, at block 1420, the UE may prepare to transmit all of
the UCI on PUSCH. If there are bits of the UCI that are for a primary DL CC, then at block
1430, the bits associated with the primary DL CC may be prepared for transmission by the UE
on the PUCCH, while the remaining bits of the UCI may be prepared for transmission on the
PUSCH in the same subframe. For example, if the UCI consists of multiple periodic CQI/PMI
reports to be transmitted in a given subframe, and one of the reports is for the primary DL CC,
then, at block 1430, the UE may prepare to transmit the CQI/PMI report for the primary DL CC
on the PUCCH and the other reports on the PUSCH. If none of the reports is for the primary DL
CC, the UE may prepare to transmit all the reports on the PUSCH at block 1420.

[0067] Note that if it is determined at block 1410 that there are no bits to be transmitted for the
primary DL CC, instead of transmitting all the UCI bits on PUSCH in block 1420, the UE may
prepare to transmit the UCI bits for the next highest priority DL CC (as determined, for
example, by the configuration order, DL CC index or ID, or any other means known to the UE
and/or the eNodeB) on the PUCCH and the UCI for the other DL CCs on the PUSCH at block
1440. For example if the UCI consists of multiple periodic CQI/PMI reports to be transmitted in
a given subframe, and none of the reports is for the primary DL CC, then the UE may prepare
to transmit the CQI/PMI report for the next highest priority DL CC on the PUCCH and the other
reports on the PUSCH. Options and alternatives for this next priority DL CC are as described
herein for the primary DL CC.

[0068] Alternatively, if the UE is configured to be aware that only certain combinations of UCI
types will fit on the PUCCH, when using the allowed PUCCH formats for the allocated PUCCH,
then the UE may prepare to transmit the combination of the highest priority UCI types for the
primary DL CC (for example ACK/NACK and periodic RI if periodic Rl is to be transmitted;
ACK/NACK and periodic CQI/PMI otherwise) on PUCCH and the other UCI types for the
primary DL CC on the PUSCH at block 1430. Alternatively, the UE may drop the bits for the
other UCI types for the primary DL CC. If there are no UCI bits for the primary DL CC, the
same principles may be applied to the highest priority DL CC for which there is UCI at block
1440.

[0069] In another alternative, if the UCI to be transmitted in a given subframe includes
ACK/NACK and a periodic CQI/PMI report for the primary DL CC, then the UE may prepare to
transmit the ACK/NACK and periodic CQI/PMI report for the primary DL CC on the PUCCH and
the other UCI bits on the PUSCH at block 1430. If there are no UCI bits for the primary DL CC,
the same principles may be applied to the highest priority DL CC for which there is UCI at block
1440.
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[0070] In some embodiments, a UE may determine how it will transmit UCI bits based on an
explicit grant for UCI (e.g., for periodic CQI/PMI/RI reports.) In such embodiments, an eNodeB
may explicitly provide a UL grant to a UE to transmit UCI without user data, for example via a
new or modified DCI format or via higher layer signaling. For example, the eNodeB may
provide an UL grant to the UE to transmit periodic reports such as for CQI/PMI or RI bits when
it is aware that the UE does not have data to send and the scheduled UCI reports will not fit in
PUCCH. In one embodiment, if the UE receives such a grant, the UE may prepare to transmit
the UCI on the PUSCH only, in accordance with the grant. In another embodiment, the UE may
split the UCI between PUCCH and PUSCH in accordance with one or more of the other
embodiments described herein.

[0071] Note that in any of the methods and embodiments disclosed herein, a further
determination of how UCI bits are to be transmitted may be made by a UE and/or an eNodeB
based on whether or not a maximum power threshold has or will be met or exceeded. Figure
15 illustrates a method of implementing one such embodiment. At block 1510, a UE may make
a decision as to how to transmit UCI. Any means or method of transmitting UCI may be
determined at block 1510, including splitting UCI between PUCCH and PUSCH in the same
subframe, for example in accordance with any of the other embodiments disclosed herein. At
block 1520, the UE may determine the power needed for transmission of the UCI using the
means determined at block 1510. At block 1530, the UE may determine whether the power
needed for transmission will exceed the maximum allowed power. If the maximum power will
not be exceeded, at block 1540, the UCI bits will be transmitted according to the preferred
method determined at block 1510. Decisions regarding whether maximum power will be
exceeded may include one or more of the power limits configured or otherwise known to the
UE such as CC maximum transmit power(s) and UE maximum transmit power.

[0072] If, at block 1530, it is determined that the maximum allowed power will be exceeded,
the UE may take one or more alternate courses of action. In one embodiment, the UE may
scale one or more of the PUCCH and PUSCH power at block 1550. Note that scaling methods
and means that may be employed include, but are not limited to, those set forth in U.S. Patent
Application No. 12/703,092 referenced herein.

[0073] Alternatively, if, at block 1530, it is determined that the maximum allowed power will be
exceeded, the UE may transmit all the UCI on PUSCH at block 1560. Transmitting all the UCI
on PUSCH eliminates MPR effects resulting from simultaneous PUSCH-PUCCH transmission
which can reduce maximum allowed power.

[0074] In another alternative, if the UE determines that the maximum allowed power will be
exceeded at block 1530, at block 1570 the UE may determine if transmitting all the UCI on
PUSCH exceeds the maximum allowed power level. If transmitting all the UCI on PUSCH does
not exceed the maximum allowed power level, transmitting all the UCI on PUSCH will eliminate
the need to scale the power before transmission. If transmitting UCI on PUSCH will eliminate
the need to scale the power, the UE may transmit all the UCI on PUSCH at block 1560. If
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transmitting all the UCI on PUSCH will not eliminate the need to scale the power, the UE may
keep its original decision on UCI transmission method, for example splitting UCI across PUCCH
and PUSCH in the same subframe, and scale the power on the PUCCH and the PUSCH at
block 1580 in any manner as described for block 1550 such as based on the priorities of the
channels. In such embodiments, the UCI on the PUCCH may be preserved since the PUCCH
may have the highest priority.

[0075] Note that in any of the methods and embodiments disclosed herein, PUCCH and
PUSCH may be transmitted over the same or different UL CCs. These methods and
embodiments are applicable in both cases. An example for transmission on different UL CCs is
PUCCH may be transmitted on the primary UL CC, while PUSCH may be transmitted on other
ULCC.

[0076] In some LTE-A systems and implementations, multiple PUSCHs may be used per
subframe. In such embodiments, a UE may have to determine on which PUSCH to transmit
UCI bits when it has determined that any UCI bits are to be transmitted on PUSCH rather than,
or in addition to, on PUCCH. Such bits are referred to herein as "UCI bits for PUSCH."

[0077] In one such embodiment, illustrated in Figure 16, a UE may first determine whether
multiple PUSCHs are in use or available at block 1610. If not, then at block 1620, the UE may
prepare to transmit any UCI bits that are intended for transmission on PUSCH on the available
PUSCH. If there are multiple PUSCHs available, a UE may choose a PUSCH for transmission
of UCI based on PUSCH size (carrying capacity) at block 1630. In an embodiment, the UE may
prepare to transmit the UCI bits for PUSCH on the PUSCH having a largest size (or carrying
capacity). PUSCH size may be measured using one or a number of factors such as the
number of RBs, the number of OFDM symbols, the number of physical coded bits, or some
combination of these or other factors. Alternatively, at block 1630 the UE may choose the
PUSCH based on the relationship between two or more of the UCI payload size, the PUSCH
data payload size and the PUSCH carrying capacity. For example, the UE may transmit the
UCI bits for PUSCH on the PUSCH for which the UCI payload size relative to (for example
percentage of) the total payload size or the UCI payload size relative to (for example
percentage of) the data payload is the smallest. Each of these embodiments may reduce the
performance impact of including UCI with data on PUSCH. At block 1640, the UE may prepare
to transmit the UCI bits for PUSCH on the PUSCH selected at block 1630.

[0078] In alternative embodiments, upon determining that there are multiple PUSCHs at block
1610, a UE may determine whether there is a primary UL CC that has a PUSCH at block 1650.
If so, the UE may prepare to transmit the UCI bits for PUSCH on the primary UL CC's PUSCH
at block 1660. The primary UL CC may be a UL CC that has been paired with the primary DL
CC. If there is no PUSCH on a primary UL CC, a PUSCH may be selected using the means of
block 1630 or any other means or method. In alternative embodiments, the UE may choose
the PUSCH for transmission of UCI bits to be the PUSCH on the UL CC which is configured, or
designated in some way, by the eNodeB for the UE to transmit ACK/NACK bits on.
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[0079] In some embodiments, a UE may choose the PUSCH for transmission based on an
explicit signaling or grant, such as a grant for an aperiodic UCI report request. In one such
embodiment, the UE may prepare to transmit the UCI bits for PUSCH on the PUSCH explicitly
designated by the eNodeB via L1 or higher layer signaling. In one alternative, if the eNodeB
provides an UL grant specifically for UCI, the UE may prepare to transmit the UCI for PUSCH
on the allocated PUSCH. In another alternative, if the UE receives a PDCCH having an
aperiodic UCI request bit (or aperiodic request bit set to "1"), the UE may prepare to transmit
the UCI bits for PUSCH on the PUSCH associated with this request by the PDCCH. Such UCI
bits may include the aperiodic UCI report bits and all other UCI bits to be transmitted on the
PUSCH.

[0080] Although features and elements of the embodiments and methods disclosed herein are
described above in particular combinations, each feature or element can be used alone without
the other features and elements or in various combinations with or without other features and
elements. The methods or flow charts provided herein may be implemented in a computer
program, software, or firmware incorporated in a computer-readable storage medium for
execution by a general purpose computer or a processor. Examples of computer-readable
storage mediums include a read only memory (ROM), a random access memory (RAM), a
register, cache memory, semiconductor memory devices, magnetic media such as internal
hard disks and removable disks, magneto-optical media, and optical media such as CD-ROM
disks, and digital versatile disks (DVDs).

[0081] Suitable processors include, by way of example, a general purpose processor, a
special purpose processor, a conventional processor, a digital signal processor (DSP), a
plurality of microprocessors, one or more microprocessors in association with a DSP core, a
controller, a microcontroller, Application Specific Integrated Circuits (ASICs), Field
Programmable Gate Arrays (FPGASs) circuits, any other type of integrated circuit (IC), and/or a
state machine.

[0082] A processor in association with software may be used to implement a radio frequency
transceiver for use in a wireless transmit receive unit (WTRU), user equipment (UE), terminal,
base station, radio network controller (RNC), or any host computer. A UE may be used in
conjunction with modules, implemented in hardware and/or software, such as a camera, a
video camera module, a videophone, a speakerphone, a vibration device, a speaker, a
microphone, a television transceiver, a hands free headset, a keyboard, a Bluetooth™ module,
a frequency modulated (FM) radio unit, a liquid crystal display (LCD) display unit, an organic
light-emitting diode (OLED) display unit, a digital music player, a media player, a video game
player module, an Internet browser, and/or any wireless local area network (WLAN) or Ultra
Wide Band (UWB) module.

ITEMIZED LIST OF EMBODIMENTS

[0083] Item 1. A method for transmitting uplink control information comprising:
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determining that the uplink control information meets a criteria; and

responsive to determining that the uplink control information meets the criteria, transmitting a
first subset of uplink control information bits on a physical uplink control channel in a first
subframe and transmitting a second subset of uplink control information bits on a physical
uplink shared channel in the first subframe.

[0084] Item 2. The method of item 1, wherein determining that the uplink control information
meets the criteria comprises determining that a number of uplink control information bits is
above a first threshold.

[0085] Item 3. The method of item 2, further comprising determining that the number of uplink
control information bits is below a second threshold.

[0086] Item 4. The method of item 1, wherein determining that the uplink control information
meets the criteria comprises determining that a number of uplink control information bits will
not fit in the physical uplink control channel.

[0087] Item 5. The method of item 1, wherein determining that the uplink control information
meets the criteria comprises:

determining a relative uplink control information payload size; and

determining that the relative uplink control information payload size is less than a first
threshold.

[0088] Item 6. The method of item 1, wherein determining that the uplink control information
meets the criteria comprises determining that there is no user data to transmit and that a
number of uplink control information bits will not fit in the physical uplink shared channel.

[0089] Item 7. The method of item 1, wherein determining that the uplink control information
meets the criteria comprises determining that the uplink control information comprises at least
one of acknowledgement bits and negative acknowledgement bits.

[0090] Item 8. The method of item 7, wherein the first subset of uplink control information bits
comprises at least one of the acknowledgement bits and the negative acknowledgement bits
and the second subset of uplink control information bits comprises all other uplink control
information bits.

[0091] Item 9. The method of item 1, wherein determining that the uplink control information
meets the criteria comprises determining that there is a single downlink component carrier.
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[0092] Item 10. The method of item 9, further comprising determining that the uplink control
information comprises at least one of each of a channel quality indicator bit, a precoding matrix
indicator bit, and a rank indicator bit.

[0093] Item 11. A wireless transmit and receive unit configured to transmit uplink control
information, comprising:

a processor configured to:
determine that the uplink control information meets a criteria, and

responsive to determining that the uplink control information meets the criteria, determining a
first subset of uplink control information bits and a second subset of uplink control information
bits; and

a transceiver configured to:

transmit the first subset of uplink control information bits on a physical uplink control channel in
a first subframe, and

transmit the second subset of uplink control information bits on a physical uplink shared
channel in the first subframe.

[0094] Item 12. The wireless transmit and receive unit of item 11, wherein the processor
configured to determine that the uplink control information meets the criteria comprises the
processor configured to determine that at least one uplink control information bit is associated
with a primary downlink component carrier.

[0095] Item 13. The wireless transmit and receive unit of item 11, wherein the processor is
further configured to determine that a power needed to transmit the first subset of uplink
control information bits on the physical uplink control channel and transmit the second subset
of uplink control information bits on the physical uplink shared channel is less than a maximum
power threshold.

[0096] Item 14. The wireless transmit and receive unit of item 11, wherein the processor is
further configured to:

determine that a power needed to transmit the first subset of uplink control information bits on
the physical uplink control channel and transmit the second subset of uplink control information
bits on the physical uplink shared channel is greater than a maximum power threshold; and

scale down at least one of a PUCCH power level and a PUSCH power level.
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[0097] Item 15. The wireless transmit and receive unit of item 11, wherein the processor is
further configured to select the physical uplink shared channel from a plurality of physical
uplink shared channels.

[0098] Item 16. The wireless transmit and receive unit of item 15, wherein the processor is
configured to select the physical uplink shared channel from the plurality of physical uplink
shared channels based on an uplink control information payload size.

[0099] Item 17. The wireless transmit and receive unit of item 15, wherein the processor is
configured to select the physical uplink shared channel from the plurality of physical uplink
shared channels based on a relationship between an uplink control information payload size
and at least one of a physical uplink shared channel data payload size and a physical uplink
shared channel carrying capacity.

[0100] Item 18. The wireless transmit and receive unit of item 15, wherein the processor is
configured to select the physical uplink shared channel from the plurality of physical uplink
shared channels based on whether one of the plurality of physical uplink shared channels is on
a primary uplink component carrier.

[0101] Item 19. The wireless transmit and receive unit of item 11, wherein the processor
configured to determine that the uplink control information meets the criteria comprises the
processor configured to determine that a number of downlink component carriers is one and
that the uplink control information comprises at least one of each of a channel quality indicator
bit, a precoding matrix indicator bit, and a rank indicator bit.

[0102] Item 20. The wireless transmit and receive unit of item 11, wherein the processor is
further configured to:

determine that the uplink control information comprises periodic report data and aperiodic
report data; and

discard the periodic report data.
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PATENTIKRAYV
1. Fremgangsmaéade implementeret af en tradlgs sende/modtage-enhed, WTRU, til at sende
uplinkstyringsinformation, hvor fremgangsmaden omfatter:
at modtage en konfiguration, der angiver, om WTRU’en er konfigureret til at sende samtidigt
péa en fysisk uplinkkontrolkanal, PUCCH, og pa en fysisk deltuplinkkanal, PUSCH,;
at bestemme, at en uplinkkontrolinformation, UCI, skal sendes i en fgrste subframe, og, at
UCl'en omfatter et forste delsaet af UCI bits, som svarer til mindst en forste type UCI og et
andet delszet af UCI bits, som svarer til mindst en anden type UCI bits; og
reagerer pa at bestemme, om WTRU'en er konfigureret til at sende samtidigt pa PUCCH'en
og PUSCH’en, og at UCl'en der skal sendes i den forste subframe omfatter mindst den farste
type UCI og mindst den anden type UCI, sender det forste delsaet af UCI bits p4d PUCCH’en |
den forste subframe og sender det andet delsaet af UCI bits pd PUSCH'en i den farste
subframe.
2. Fremgangsmade ifolge krav 1, hvor det forste delsat af UCI omfatter mindst en af de
felgende: en hybrid automatisk gentagelsesanmodning, (HARQ), en positiv kvittering (ACK),
en HARQ negativ kvittering, (NACK) eller en planleegningsanmodning (SR).
3. Fremgangsmade ifglge krav 1, hvor det andet delsaet af UCI bits omfatter mindst en af
de folgende: en periodisk kanalkvalitetsindikator, CQIl, en aperiodisk CQl, et periodisk for-
kodningsmatrixindeks, PMI, et aperiodisk PMI, en periodisk rangindikator, Rl og en aperio-
disk RI.
4. Tradles sende/modtage-enhed, WTRU, konfigureret til at sende uplinkstyringsinformation,
hvor WTRU'en omfatter:
en processor konfigureret til:
at modtage en konfiguration, der angiver, om WTRU'en er konfigureret til at sende samtidigt
pa en fysisk uplinkkontrolkanal, PUCCH, og fysisk uplinkdeltkanal, PUSCH;
at bestemme, at en uplinkkontrolinformation, UCI, skal sendes i en forste subframe, og, at
UCl'en omfatter et forste delsaet af UCI bits, som svarer til mindst en forste type UCI og et
andet delsaet af UCI bits, som svarer til mindst en anden type UCI bits, og
reagerer pa at bestemme, om WTRU'en er konfigureret til at sende samtidigt pd PUCCH’en
og PUSCH’en, og at UCl'en der skal sendes i den forste subframe, omfatter mindst den farste
type UCI og mindst den anden type UCI,
en transceiver konfigureret til:
at sende det forste delsaet af UCI bits pad PUCCH'en i den farste subframe og
at sende det andet delsaet af UCI bits p4d PUSCH’en i den forste subframe.
5. Tradles sende/modtage-enhed ifelge krav 4, hvor det forste delsat af UCI omfatter mindst
en af de folgende: en hybrid automatisk gentagelsesanmodning, (HARQ), en positiv kvitte-
ring (ACK), en HARQ negativ kvittering, (NACK), eller en planleegningsanmodning (SR).
6. Tradles sende/modtage-enhed ifslge krav 4, hvor det andet delsset af UCI bits omfatter

mindst en af de fglgende: en periodisk kanalkvalitetsindikator, CQl, en aperiodisk CQl, et

Awa# 160791
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periodisk forkodningsmatrixindeks, PMI, et aperiodisk PMI, en periodisk rangindikator, Rl og

en aperiodisk RI.
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