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(57) Abstract: A wireless communication device configured for selecting a codeword and determining a symbol length for uplink
control information is described. The wireless communication device includes a processor and instructions stored in memory. The
wireless communication device establishes communication with a base station, receives downlink control information from the
base station and receives base station information. The wireless communication device generates uplink control information based
on the base station information. The wireless communication device also determines a number of symbols for the uplink control
information for a plurality of layers and sends the uplink control information.
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DESCRIPTION

TITLE OF INVENTION
SELECTING A CODEWORD AND DETERMINING A SYMBOL

LENGTH FOR UPLINK CONTROL INFORMATION

TECHNICAL FIELD

The present disclosure relates generally to
communication systems. More specifically, the present
disclosure relates to selecting a codeword and determining a

symbol length for uplink control information.

BACKGROUND ART

Wireless communication devices have become smaller
and more powerful in order to meet consumer needs and to
improve portability and convenience. Consumers have
become dependent upon wireless communication devices
and have come to expect reliable service, expanded areas of
coverage, and increased functionality. A wireless
communication system may provide communication for a
number of cells, each of which may be serviced by a base
station. A base station may be a fixed station that

communicates with wireless communication devices.
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As wireless communication devices have advanced,
improvements in communication speed have been sought.
One way to increase communication speed is to allocate
more communication resources to the wireless
communication device. However, allocating more resources
to a wireless communication device may also require the use
of more communication overhead, such as control messages.
Communication overhead may consume communication
resources, which may be limited. As illustrated by this
discussion, improved systems and methods for

communicating control messages may be beneficial.

SUMMARY OF INVENTION

A preferred embodiment is a wireless communication
device configured for selecting a codeword and determining
a symbol length for uplink control information, comprising:
processor; memory in electronic communication with the
processor; instructions stored in the memory, the
instructions being executable to: establish communication
with a base station; receive downlink control information
from the base station; receive base station information;
generate uplink control information based on the base
station information; determine a number of symbols for the
uplink control information for a plurality of layers; and send

the uplink control information.



10

15

20

25

WO 2011/158969 PCT/JP2011/064333

-3-

Another preferred embodiment is a method for
selecting a codeword and determining a symbol length for
uplink control information, comprising: establishing
communication with a base station; receiving downlink
control information from the base station; receiving base
station information; generating, on a wireless
communication device, uplink control information based on
the base station information; determining, on the wireless
communication device, a number of symbols for the uplink
control information for a plurality of layers; and sending the
uplink control information.

The foregoing and other objectives, features, and
advantages of the invention will be more readily understood
upon consideration of the following detailed description of
the invention, taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a block diagram illustrating one
configuration of one or more wireless communication
devices in which systems and methods for selecting a
codeword and determining a symbol length for wuplink
control information may be implemented;

Figure 2 is a block diagram illustrating a more specific

configuration of one or more User Equipments (UEs) in
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which systems and methods for selecting a codeword and
determining a symbol length for uplink control information
may be implemented;

Figure 3 is a block diagram illustrating one
configuration of several information formatting mechanisms
that may be used in accordance with the systems and
methods disclosed herein;

Figure 4 is a flow diagram illustrating one
configuration of a method that may be performed on a base
station according to the systems and methods disclosed
herein;

Figure 5 is a flow diagram illustrating one
configuration of a method for selecting a codeword and
determining a symbol length for uplink control information;

Figure 6 is a block diagram illustrating one
configuration of a codeword selection module for CQI and/or
PMI multiplexing;

Figures 7A is flow diagrams illustrating several
configurations of a method for selecting a codeword for
uplink control information;

Figures 7B 1is flow diagrams illustrating several
configurations of a method for selecting a codeword for

uplink control information;
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Figures 7C is flow diagrams illustrating several
configurations of a method for selecting a codeword for
uplink control information;

Figures 7D is flow diagrams illustrating several
configurations of a method for selecting a codeword for
uplink control information;

Figures 7E is flow diagrams illustrating several
configurations of a method for selecting a codeword for
uplink control information;

Figure 8 is a block diagram illustrating one
configuration of a control symbol quantity determination
module for Acknowledgement/Negative Acknowledgement
(ACK/NACK) and/or Rank Indicator (RI);

Figure 9 illustrates various components that may be
utilized in a wireless communication device; and

Figure 10 illustrates various components that may be

utilized in a base station.

DESCRIPTION OF EMBODIMENTS

The 3rd Generation Partnership Project, also referred
to as “3GPP,” is a collaboration agreement that aims to
define globally applicable technical specifications and
technical reports for third and fourth generation wireless

communication systems. The 3GPP may define
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specifications for the next generation mobile networks,
systems, and devices.

3GPP Long Term Evolution (LTE) is the name given to a
project to improve the Universal Mobile Telecommunications
System (UMTS) mobile phone or device standard to cope
with future requirements. In one aspect, UMTS has been
modified to provide support and specification for the
Evolved Universal Terrestrial Radio Access (E-UTRA) and
Evolved Universal Terrestrial Radio Access Network (E-
UTRAN).

At least some aspects of the systems and methods
disclosed herein may be described in relation to the 3GPP
LTE and LTE-Advanced standards (e.g., Release-8 and
Release-10). However, the scope of the present disclosure
should not be limited in this regard. At least some aspects
of the systems and methods disclosed herein may be utilized
in other types of wireless communication systems.

A wireless communication device may be an electronic
device used to communicate voice and/or data to a base
station, which in turn may communicate with a network of
devices (e.g., public switched telephone network (PSTN), the
Internet, etc.). In describing systems and methods herein, a
wireless communication device may alternatively be referred
to as a mobile station, a user equipment (UE), an access

terminal, a subscriber station, a mobile terminal, a remote
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station, a user terminal, a terminal, a subscriber unit, a
mobile device, etc. A wireless communication device may be
a cellular phone, a smart phone, a personal digital assistant
(PDA), a laptop computer, a netbook, an e-reader, a wireless
modem, etc. In 3GPP specifications, a wireless
communication device is typically referred to as a user
equipment (UE). However, as the scope of the present
disclosure should not be limited to the 3GPP standards, the
terms “UE” and “wireless communication device” may be
used interchangeably herein to mean the more general term
“wireless communication device.”

In 3GPP specifications, a base station is typically
referred to as a Node B, an evolved or enhanced Node B
(eNB), a home enhanced or evolved Node B (HeNB) or some
other similar terminology. As the scope of the disclosure
should not be limited to 3GPP standards, the terms “base
station,” “Node B,” “eNB,” and “HeNB” may be used
interchangeably herein to mean the more general term “base
station.” Furthermore, the term “base station” may be used
to denote an access point. An access point may be an
electronic device that provides access to a network (e.g.,
Local Area Network (LAN), the Internet, etc.) for wireless
communication devices. The term “communication device”
may be used to denote both a wireless communication

device and/or a base station.
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A wireless communication device configured for
selecting a codeword and determining a symbol length for
uplink control information is disclosed. The wireless
communication device includes a processor and instructions
stored in memory. The wireless communication device
establishes communication with a base station, receives
downlink control information from the base station and
receives base station information. The  wireless
communication device also generates uplink control
information based on the base station information. The
wireless communication device also determines a number of
symbols for the uplink control information for a plurality of
layers and sends the uplink control information.

The number of symbols for the wuplink control
information may be determined for a plurality of codewords.
At least one codeword on the plurality of layers may be
aggregated. The number of symbols may be determined
based on a worst layer. The number of symbols may be
determined based on a proportional allocation of all layers.

A plurality of By, values may be used to determine
the number of symbols for the uplink control information.
The number of symbols may be determined based on an

equation

PUSCH—initial +; PUSCH—initial o PUSCH

O+R)-M ‘N :
, (0+R)-My symb B offser PUSCH ~ PUSCH ORI
0’ =min  MPUSCH _ZRL
K symb Q
m

r
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, where Q' is the number of symbols, O is a number of
uplink control information bits, R is a number of Cyclic
Redundancy Check (CRC) bits, MS}Z,USCH"i"itial is a number of
subcarriers for an initial uplink channel transmission,

NS}J),%‘ZCH_""”""I is a number of symbols per subframe for the

initial uplink channel transmission, ﬂ(sfls]f,CH is Bomer value

for given uplink control information (e.g., from the eNB) 212,

K, is an interleaver size for a codeword r, MS}ZUSCH is a

number of subcarriers for the current uplink channel
PUSCH
Nsymb

transmission, is a number of symbols per subframe

for the current uplink channel transmission, Qg is a

number of Rank Indicator (RI) bits and @, is a modulation

order.
The number of symbols may be determined based on

an equation

PUSCH —initial PUSCH —initial PUSCH
O Mg, ) Nsymb ’ 'Boﬁ:?ef PUSCH
,4-Mg,

Cc-1
Sk,
- r=0 - , wherein

Q' =min

Q' is the number of symbols, O is a number of uplink

control information bits, M[USCH-riial i 5 number of

subcarriers for an initial uplink channel transmission,

NS[;%‘ZCH_"”"”"” is a number of symbols per subframe for the

initial uplink channel transmission, ﬂo}/;%](f,CH is Bomer value

for uplink control information, K, is an interleaver size for

a codeword r, C is a number of codewords and MSiUSCH Is a
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number of subcarriers for the current uplink channel
transmission.
The number of symbols may be determined based on

an equation

o-MP USCH-~initial | 5 PUSCH~initial . g PUSCH

. b
0! = min — sym offset 4. M PUSCH
(7,
Lj sum
wherein
' is a number of symbols for layer i, O is a number of
i y y
uplink control information bits, MFPUSCH=nitial 3¢ o number of

subcarriers for an initial uplink channel transmission,

NP USCH —initial

symb is a number of symbols per subframe for the

initial uplink channel transmission, ﬂol}jlg/f,CH is Bogser value

for uplink control information, K,; is an interleaver size of

a jth codeword, L; is a number of layers of a codeword, Lg,,

Cc-1
is a total number of layers Lgy,=> L; and MPUSCH s a
=

number of subcarriers for the current uplink channel
transmission. The number of symbols may be determined
based on the equation 0'=max(Qf)  i=L.. Lsum

The number of symbols may be determined for at least
one Acknowledgement and Negative Acknowledgement
(ACK/NACK) message. The number of symbols may be
determined for at least one Rank Indicator (RI) message.

The wireless communication device may also select a

codeword from a plurality of codewords for the uplink
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control information. Selecting a codeword may be based on
a Modulation and Coding Scheme (MCS) setting. Selecting a
codeword may be based on a Hybrid Automatic Repeat
Request (HARQ) status. The codeword may be selected for
at least one CQI/PMI message. The codeword may be
selected statically.

A method for selecting a codeword and determining a
symbol length for uplink control information is also
disclosed. The method includes establishing communication
with a base station, receiving downlink control information
from the base station and receiving base station information.
The method also includes generating, on a wireless
communication device, uplink control information based on
the base station information. The method also includes
determining, on the wireless communication device, a
number of symbols for the uplink control information for a
plurality of layers and sending the wuplink control
information.

Uplink Control Information (UCI) is feedback from a UE
to an eNB that may be used to indicate the channel
condition and acknowledge downlink transmissions, etc.
For example, UCI may include Hybrid Automatic Repeat
Request (HARQ) feedback (e.g., Acknowledgement and
Negative Acknowledgement, “ACK/NACK” or “A/N”), Channel

Quality Indication (CQI), Pre-coding Matrix Indicator (PMI)
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and Rank Indication (RI), etc. In LTE Release-10, multiple
(e.g., up to 5) Downlink (DL) Component Carriers (CCs) may
be assigned to a UE. Thus the UCI payload may be much
larger than that of a Release-8 system where only one DL
CC is used. Due to limited resources, a Physical Uplink
Control Channel (PUCCH) may not be able to support full
UCI feedback. Therefore, an appropriate UCI multiplexing
method with data transmission on a Physical Uplink Shared
Channel (PUSCH) may be beneficial.

Furthermore, with LTE Release-10 and beyond, a UE
may use multiple antennas for data transmission, thus
allowing or enabling Single User Multiple Input and Multiple
Output (SU-MIMO). For example, a UE may transmit one
Codeword (CW) on multiple layers or transmit multiple CWs
on multiple layers, each on a different layer. A layer defines
a transmit antenna port by multiplexing one or more
Codewords (CWs) on one or more layers.

Uplink Control Information (UCI) may be Time Division
Multiplexed (TDM) on a PUSCH with SU-MIMO. In one
configuration, for both single component carrier (CC) and
multiple CCs, HARQ-ACK and RI may be replicated across
all layers of both CWs. Furthermore, the HARQ-ACK and RI
may be TDM multiplexed with data such that UCI symbols

are time-aligned across all layers. In such a configuration,
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the number of UCI symbols on each CW and on each layer
may be determined.

Additionally or alternatively, CQI and/or PMI may be

transmitted on only 1 Codeword (CW). In such a
configuration, Release-8 multiplexing and channel
interleaving mechanisms may be used or extended. For
example, an input to data-control multiplexing

%Oo qla 927 CI3,---> QQCQI_b f0> f1> fz, ﬁ,---a fG—]} may be grouped lntO
column vectors 8081288y & iy of length Q,,*L, where (@,
is a modulation order (e.g., 2 for QPSK, 4 for 16QAM and 6

for 64QAM, etc.) and L is the number of layers 222 (e.g., 1,

2, etc.) that the CW is mapped onto. 90- 91> 92> 935 -+ 99y -1 is
the coded CQI/PMI output with the number of bits QOcg; and
fos fis f2s f35- fg-1 18 G bits of coded data. The variables
80°81°857 85> 8y, ATE column vectors of bit sequences of
CQI/PMI multiplexed with data, each column vector is of
length Q,,*L (each column vector converts to symbols of
modulation order Q, across L layers, i.e., (@, *L per vector
length). H' is the number of column vectors, which should
be equal to the number of resource elements (besides
reference symbols) of the Physical Uplink Shared Channel
(PUSCH). Time alignment or realignment may be enabled
across 2 or more layers (e.g., L=2). In one configuration of

UCI symbol-level layer mapping, UCI symbols may be



10

15

20

25

WO 2011/158969 PCT/JP2011/064333

- 14 -
treated the same as (or a part of) data. In such a
configuration, a mechanism for CW selection may be used.
The systems and methods disclosed herein describe
how to determine the number of UCI symbols on each CW
and on each layer for A/N and/or RI channel interleaving.
Furthermore, the systems and methods disclosed herein
describe a mechanism for CW selection for CQI/PMI
multiplexing.
In LTE and LTE-A (and possibly other wireless
communication systems), the control message may be better
protected than data information bits using higher

redundancy. A parameter called Byg. 18 defined to give the

relative levels of redundancy for the control messages.
Different control messages may have different S,z values
which are configured by the base station.

The systems and methods disclosed herein may be
used to determine the number of UCI symbols on each CW
and each layer for A/N and RI mapping. Detail is given
below on how to compute the number of symbols with the
same or different layer modulations and given S,g., values.

For CQI/PMI multiplexing, the systems and methods
disclosed herein provide a procedure for CW selection when
multiple CWs are used in SU-MIMO transmission. Several
aspects may be considered including complexity, Modulation

and Coding Scheme (MCS) setting and HARQ process. In
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one configuration, the CW with minimum overhead is
selected, thus reducing or minimizing system impact on the
transmitted CW due to control multiplexing. In particular,
considering the soft combining feature in HARQ, a CW with
retransmission may be chosen over a CW with initial
transmission.

Various configurations are now described with
reference to the Figures, where like reference numbers may
indicate functionally similar elements. The systems and
methods as generally described and illustrated in the
Figures herein could be arranged and designed in a wide
variety of different configurations. Thus, the following more
detailed description of several configurations, as
represented in the Figures, is not intended to limit scope, as
claimed, but is merely representative of the systems and
methods. As used herein the term “plurality” may indicate
two or more. For example, a plurality of components refers
to two or more components.

Figure 1 is a Dblock diagram illustrating one
configuration of one or more wireless communication
devices 102 in which systems and methods for selecting a
codeword and determining a symbol length for wuplink
control information may be implemented. The one or more
wireless communication devices 102 communicate with a

base station 112 using one or more antennas 108a-n. For
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example, the wireless communication device 102 transmits
electromagnetic signals to the base station 112 and receives
electromagnetic signals from the base station 112 using the
one or more antennas 108a-n. The base station 112
communicates with the one or more wireless communication
devices 102 using one or more antennas 110a-n. A User
Equipment (UE) pursuant to 3GPP specifications is one
example of a wireless communication device 102 and an
evolved Node B (eNB) pursuant to 3GPP specifications is one
example of a base station 112.

The one or more wireless communication devices 102
and the base station 112 may use multiple channels to
communicate with each other. In the configuration
illustrated in Figure 1, a wireless communication device 102
may use an uplink control channel 114 to send uplink
control information A 116a to the base station 112. One
example of an uplink control channel 114 is a Physical
Uplink Control Channel (PUCCH) pursuant to 3GPP
specifications. The base station 112 may use a downlink
control channel 118 to send downlink control information to
the wireless communication device 102. One example of a
downlink control channel is a Physical Downlink Control
Channel (PDCCH) pursuant to 3GPP specifications.

The one or more wireless communication devices 102

may use an uplink shared channel 120 to communicate with
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or transmit data 126 to the base station 112. Examples of
data 126 include voice data, media data, Internet data, file
data, etc. Multiple wireless communication devices 102 may
concurrently use the uplink shared channel 120. One
example of an uplink shared channel 120 is a Physical
Uplink Shared Channel (PUSCH) pursuant to 3GPP
specifications.

A wireless communication device 102 may send data
126 using one or mode codewords 124 on one or more layers
122. For example, a layer 122 defines a transmit antenna
port for a spatial stream. Multiple layers 122 may be
formed by using different weighted combinations of multiple
antennas 108a-n, 110a-n on the wireless communication
device 102 and/or base station 112.

The base station 112 may use one or more downlink
component carriers 128 to send data (e.g., voice data, media
data (e.g., video, etc.), Internet data, files, etc.) to the one
or more wireless communication devices 102. One or more
downlink component carriers 128 may be assigned to a
single wireless communication device 102.

The wireless communication device 102 may generate
uplink control information 116. For example, the wireless
communication device 102 may generate uplink control
information 116 (e.g., feedback values) based on data or

information received on the downlink control channel 118
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and/or one or more downlink component carriers 128. For
example, the wireless communication device 102 may
generate ACK bits for correctly received data and NACK bits
for data that was not correctly received. Other examples of
uplink control information 116 include PMI, RI and CQIL
PMI may be used for generating or updating a precoding
matrix on the base station 112. The Rank Indicator (RI)
may be used to define the number of useful transmission
layers when spatial multiplexing is used. CQI may provide
an indication of channel quality.

The uplink control channel 114 may have limited
resources for sending uplink control information A 116a.
For example, the uplink control channel 114 may have a
certain amount of time, frequency and/or spatial resources
allocated to it 114 for sending uplink control information A
116a. The amount of uplink control information 116 may
vary. For example, as the base station 112 assigns more
downlink component carriers 128 to a  wireless
communication device 102, the wireless communication
device 102 may generate more uplink control information
116. For instance, the wireless communication device 102
may generate more ACK/NACK messages or information as
more data is received on the downlink component carriers
128. In some cases, there may not be enough resources

(e.g., time resources, frequency resources, spatial resources,
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etc.) on the uplink control channel 114 to carry all of the
uplink control information 116.

Uplink control information B 116b may-be sent using
the uplink shared channel 120. For example, uplink control
information B 116b may be multiplexed with data 126 on
one or more code words 124 on one or more layers 122.
Using this approach may allow uplink control information B
116b to be sent to the base station 112. For example,
uplink control information B 116b may be used in addition
or alternatively from uplink control information A 116a.

The one or more wireless communication devices 102
may include a codeword selection module 104 and/or a
control symbol quantity determination module 106. The
codeword selection module 104 may be a hardware and/or
software module used to determine or select a codeword 124
to transmit uplink control information B 116b. In one
configuration, for example, CQI and/or PMI messages may
only be sent on one codeword 124. The codeword selection
module 104 may be used to determine or select a codeword
124 for transmitting the CQI and/or PMI messages (e.g.,
when multiple codewords 124 are used).

The control symbol quantity determination module 106
may be a hardware and/or software module used to
determine a number or length of symbols to be transmitted

on each codeword 124 and/or on each layer 122. For
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example, the control symbol quantity determination module
106 may determine the number of symbols used to transmit
uplink control information B 116b.

The base station 112 may include a static / semi-static
codeword selection scheduling module 143. The static /
semi-static codeword selection may be performed using a
Modulation and Coding Scheme (MCS) setting and base
station 112 scheduling 143. In this configuration,
Modulation and Coding Scheme (MCS) settings may be
controlled by the base station 112. Accordingly, the base
station 112 may modify the MCS setting and antenna port
numbers to allow static or semi-static codeword selection.
For example, the base station 112 may set static codeword
selection on the first codeword 124 by always setting a
higher (or the same) MCS setting on the first antenna port
(e.g., the first layer). When the channel condition changes,
the base station 112 may switch the antenna port number
to maintain a higher (or same) MCS setting for the first
codeword 124.

Figure 2 is a block diagram illustrating a more specific
configuration of one or more User Equipments (UEs) 202 in
which systems and methods for selecting a codeword and
determining a symbol length for uplink control information
may be implemented. One or more UEs 202 may include an

Uplink Control Information (UCI) determination module 230,



10

15

20

25

WO 2011/158969 PCT/JP2011/064333

-21 -
a codeword selection module 204, a control symbol quantity
determination module 206 and one or more antennas 208a-
n.

The one or more UEs 202 may communicate with an
evolved NodeB (eNB) 212 using one or more antennas 208a-
n. The eNB 212 may also communicate with the one or
more UEs 202 using one or more antennas 210a-n. The one
or more UEs 202 may send data 226 and/or information to
the eNB 212 using a PUCCH 214 and/or a PUSCH 220. For
example, the UE 202 may send UCI A 216a on the PUCCH
214. Additionally or alternatively, the one or more UEs 202
may send data 226 and/or UCI B 216b on one or more
Codewords (CWs) 224 on one or more layers 222 to the eNB
212 using the PUSCH 220. The eNB 212 may send data
and/or information to the one or more UEs 202 using a
PDCCH 218 and/or one or more downlink component
carriers 228.

The UCI determination module 230 on a UE 202 may
determine feedback values or messages to be sent to the
eNB 212. For example, the UCI determination module 230
may determine or generate one or more HARQ 232 (e.g.,
A/N) messages, Rl messages 234, PMI messages 236 and/or
CQI messages 238. The codeword selection module 204 may
select a Codeword (CW) 224 on which to send UCI B 216b or

part of UCI B 216b. For example, the codeword selection



10

15

20

25

WO 2011/158969 PCT/JP2011/064333

-20 -
module 204 may select a CW 224 for PMI 236 and/or CQI
238 messages.

The control symbol quantity determination module 206
may include a CQI and/or PMI symbol quantity
determination module 240. The CQI and/or PMI symbol
quantity determination module 240 may determine the
symbol quantity or number of symbols used for CQI 238
and/or PMI 236 messages. The control symbol quantity
determination module 206 may also include an ACK/NACK
and/or RI symbol quantity determination module 242. The
ACK/NACK and/or RI symbol quantity determination
module 242 may determine the number of symbols used for
HARQ (A/N) messages 232 and/or RI messages 234. In
other words, the ACK/NACK and/or RI symbol quantity
determination module 242 may determine how many
symbols are used to transmit HARQ messages 232 and/or RI
messages 234 on the PUSCH 220.

The eNB 212 may include certain data or parameters

such as Byx. for each type of control information 248 (e.g.,

Boser 2" is the Bugme for CQI/PMI, Buz,™ is the Byg, for RI

and foge ROAK is the Pymy for ACK/NACK), PUSCH

Resource Information 250 (such as the subcarrier(s)
location and the number of physical resource blocks Npgp),
a number of codewords C 252 and/or the Modulation and

Coding Scheme (MCS) setting 254 for each CW (e.g., MCS
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Index I,s). These parameters 248, 250, 252, 254 may be
determined and/or sent to the UE 202 by the eNB 212.
More detail concerning these parameters 248, 250, 252, 254
is given below. The eNB 212 may also include a UCI
interpretation module 244 and/or a UCI Report
Configuration module 246. The UCI interpretation module
244 may be used by the eNB 212 to interpret UCI B 216b.
For example, UCI B 216b may be signaled implicitly. For
instance, code word selection 204 may be performed without
the UE 202 sending an explicit message to the eNB 212 in
order to indicate the CW 224 that was selected for a PMI
236 and/or CQI 238 in UCI B 216b. Thus, the UCI
interpretation module 244 may be used to interpret UCI B
216b (e.g., to determine which CW 224 the PMI 236 and/or
CQI 238 was sent on). The eNB 212 may also include an
UCI Report Configuration module 246. For example, eNB
212 may use the UCI Report Configuration module 246 to
send an explicit message to the UE 202 that dictates which
CW 224 a PMI 236 or CQI 238 message should be sent on.
For context, an example of Release-8 PUSCH data and
control multiplexing is given hereafter. In LTE Release-8
PUSCH data and control multiplexing, the data and control
are coded and transmitted separately by puncturing the
code data blocks to allocate resources for UCI. The UCI

multiplexing includes two steps (see Figure 3, for example).
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First, the coded CQI/PMI is multiplexed in front of coded
data bits. Second, channel interleaving of coded ACK/NACK
and coded RI is performed. The coded A/N and coded RI are
inserted to given column sets of symbols in a sub-frame. A
Bogser is defined to vary the error prot»ection given on the
control information relative to that given on the data based
on channel characteristics and received data as measured at
the base station (eNB). Accordingly, B times the resources
is allocated to each control bit compared with each data
information bit. The control redundancy is provided by a
simple repetition of the coded control bits into the required
coded symbols. In one configuration, the default B ge is 20
times for A/N and RI and 6.25 times for CQI.

When a UE 202 transmits HARQ-ACK bits or rank
indicator (RI) bits, it may determine the number of coded

symbols @ for HARQ-ACK or rank indicator (RI) as

illustrated in Equation (1).

PUSCH -initial PUSCH —initial PUSCH
O-Mg, 'Nsymb ) ﬁoffset PUSCH
LA4-Mg,

C-1
SK,
r=0

Q' = min

(1)

In Equation (1), O is the number of ACK/NACK bits or rank

PUSCH
MS C

indicator (RI) bits, (which may be computed from
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PUSCH Resource Information 250) 1is the scheduled
bandwidth for PUSCH transmission in the current sub-
frame for the transport block expressed as a number of
subcarriers. MEUSCH-iniial i5 the number of subcarriers for
initial PUSCH transmission for the same transport block.
(f;S]f,CH is a B,pme value for the ACK/NACK or RI sending on
PUSCH 220. (C 252 is the number of CWs 224 for this
transmission, K, is a turbo code interleaver size for a CW

224. K, may be determined by the Modulation and Coding

Scheme (MCS) setting 254 and the number of subcarriers

(e.g., Nprp ) may be provided by the PUSCH Resource

NPUSCH —initial

symb is the number of Single

Information 250.
Carrier-Frequency Division Multiple Access (SC-FDMA)
symbols per subframe for initial PUSCH transmission for

the same transport block given by

PUSCH —initial UL :
N omb i =(2-(Nsymb—1)—NSRS). Nggs is the number of Sound

Reference Signals in a slot. Nggs is equal to 1 if the UE is
configured to send PUSCH and SRS in the same subframe
for an initial transmission or if the PUSCH resource
allocation for initial transmission even partially overlaps
with the cell specific SRS subframe and bandwidth
configuration. Otherwise, Nggs is equal to O. Ngfnb is the

number of SC-FDMA symbols per slot. For example, Ng,l;,,b is

equal to 7 with a normal cyclic prefix and 6 for an extended
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cyclic prefix. Mfz,USCH is a number of subcarriers for the

current uplink channel transmission.

the number of CWs C 252 and turbo

’

M :;USCH —initial
interleaver size K may be obtained from the initial PDCCH
for the same transport block. If there is no initial PDCCH
with DCI format O for the same transport block,
MFPUSCH=initial =" the number of CWs C 252 and K may be
determined from the most recent semi-persistent scheduling
assignment PDCCH, when the initial PUSCH for the same
transport block is semi-persistently scheduled or the
random access response grant for the same transport block,
when the PUSCH is initiated by a random access response

grant.

For HARQ-ACK information Quck =0m -0’ and

PUSCH _ p,HARQ-ACK HARQ-ACK
B offset p offset 14 offset

to 3GPP specifications and configured by the eNB 212 with a

may be determined according

UCI Report Configuration 246. For RI information
' PUSCH _ pRI .
Orr =0 Q' and ﬁoﬁijf,c =Bofser - Bk, may be determined

according to 3GPP specifications and configured by the eNB

212 with a UCI Report Configuration 246. Qucx and Qg are

the number of bits of coded A/N and coded RI, respectively.

O4cx' and Qp;' are the number of symbols of coded A/N and

coded RI, respectively, each symbol with a modulation order

of 90,. 0, may be determined by the PUSCH resource

information 250 and codeword MCS setting 254.
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When the UE 202 transmits channel quality control
(CQI) and PMI information bits, it may determine the

number of coded symbols Q' for channel quality

information as illustrated in Equation (2).

PUSCH-~initial _ 5, PUSCH~initial _ PUSCH

(0+R)- My N symb Pofser A PUSCH 5 PUSCH _ DRI
*se symb 0

m

Q' =min I

Kr

r=0 _
(2)

In Equation (2), R is the number of Cyclic Redundancy

0 0<11

8 otherwise

Check (CRC) bits given by Rz{ Ocor =09m Q" and

,B;;ﬁfs]ftCH :ﬂgﬁ%[. ,Bo%%t may be determined according to 3GPP

10 specifications and configured by the eNB 212 with UCI

Report Configuration 246. MS[;USCH is a number of
subcarriers for the current uplink channel transmission,
N;Lm]iCH is a number of symbols per subframe for the current
uplink channel transmission. Qg; is a number of Rank

15 Indicator (RI) bits and Q,, is a modulation order. In general,
O may denote a number of bits and Q' may denote a number
of symbols such that 0=0,,*0'. If an RI is not transmitted,
then Qg =0.

In LTE-A, a UE 202 may have multiple antennas 208a-

20 n. This may enable or allow Single User-Multiple Input
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Multiple Output (SU-MIMO) on one or more component
carriers (CCs). A UE 202 may transmit one or multiple
Codewords (CWs) 224 (e.g., Transport Blocks (TBs)) with
each CW 224 on one or multiple layers 222. Uplink Control
Information (UCI) may be multiplexed on a PUSCH with SU-
MIMO. In one configuration, for both single component
carrier (CC) and multiple CCs, HARQ-ACK 232 and RI 234
may be replicated across all layers of both or multiple CWs
224. Furthermore, the HARQ-ACK 232 and RI 234 may be
TDM multiplexed with data such that UCI symbols are time-
aligned across all layers. In such a configuration, the
number of UCI symbols on each CW and on each layer 222
may be determined according to the systems and methods
disclosed herein.

Additionally or alternatively, CQI 238 and/or PMI 236
may be transmitted on only 1 Codeword (CW) 224. In such
a configuration, Release-8 multiplexing and channel
interleaving mechanisms may be used and/or extended. For
example, an input to data-control multiplexing
iflo,q],6]2a613a-~-sqQCQ1—1>f0>f1:f2:f3=---:fG—1} may be grouped into
column vectors 808,285,858y of length @, *L, where O,
is a modulation order (e.g., 2 for QPSK, 4 for 16QAM and 6
for 64QAM, etc.) and L is the number of layers 222 (e.g., 1,
2, etc.) that the CW is mapped onto. Time alignment or

realignment may be enabled across 2 or more layers (e.g.,
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L=2). In one configuration of UCI symbol-level layer
mapping, UCI symbols may be treated the same as (or a part
of) data. In such a configuration, CW selection may be
performed according to the systems and methods disclosed
herein.

The codeword selection module 204 may provide a
mechanism for CW selection. More detail on codeword
selection follows. In one configuration, CQI 238 and/or PMI
236 may be multiplexed on one CW 224 in SU-MIMO
transmission on PUSCH 220. If the number of CWs 224 is
one (e.g., only one CW 224 is used), then no CW selection
204 may be needed or applied. If the number of CWs 224
used is 1 and the number of layers 222 is 1 or 2, the UE
may use extended Release-8 multiplexing and channel
interleaving mechanisms so that an input to data-control
multiplexing %10»‘11#12&3’---’ 90cor-1> 0 J1: 12 f35 o fG—l} may be
grouped into column vectors 808128585 & of length
0,*L, where O, is a modulation order (e.g., 2 for QPSK, 4
for 16QAM and 6 for 64QAM, etc.) and L is the number of
layers 222 (e.g., 1, 2, etc.) that the CW 224 is mapped onto.
Time alignment or realignment may be enabled across 2 or
more layers (e.g., L=2).

For CQI 238 and/or PMI 236 multiplexing, the systems
and methods disclosed herein provide procedures for CW

selection 204 when multiple CWs 224 are used in SU-MIMO
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transmission. Several factors or aspects may be used
including complexity, one or more Modulation and Coding
Scheme (MCS) settings and/or HARQ status or process. The
systems and methods disclosed herein may be used to select
the CW 224 with minimum overhead in different
configurations in order to reduce or minimize system impact
on the transmitted CW 224 due to control (e.g., UCI B 216b)
multiplexing.

CQI 238 and/or PMI 236 messages (e.g., UCI B 216D)
may be treated the same as data 226 after multiplexing.
Thus, the CW 224 with minimum impact after the CQI 238
and/or PMI 236 multiplexing may be selected for uplink
MIMO (e.g., when more than one CW 224 is used). Several
factors or aspects may be used to make this selection.
These factors or aspects may include system complexity,
Modulation and Coding Scheme (MCS) settings and/or
HARQ status of the CWs 224.

Selecting a CW 224 statically or semi-statically may
simplify the CQI 238 and/or PMI 236 decoding at the
receiver (e.g., the eNB 212) since it does not need to
dynamically determine which CW 224 is used to carry the
information. On the other hand, this may cause
unnecessary performance loss if the selected CW 224 has a

poor channel condition.
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A higher MCS setting may imply a better channel
quality, a higher data payload size (e.g., Transport Block
Size or TBS) and/or a higher order of modulation (Q,).
Thus, a smaller number of symbols may be required on a
layer 222 with a higher MCS setting to satisfy the same
Boffser requirement for a control message and the CW 224
control/data overhead ratio may be reduced or minimized.
With HARQ (e.g., ACK/NACK) 232, the same or a
different redundant version of a CW 224 may be transmitted
(e.g., retransmitted) if the previous transmission is not
successful. Since a previous version may already be
available at the receiver (e.g., the eNB 212), the receiver
may be more likely to decode the CW 224 successfully by
soft combining the current transmission. Therefore,
allocating or giving up resources on a HARQ retransmission
CW 224 for control (e.g., UCI B 216b) multiplexing may
cause less impact on the data 226 performance compared
with taking away resources from an initial transmission CW
224 (e.g., a CW 224 carrying an initial transmission).
However, taking away resources from a retransmission
CW 224 may cause a longer delay for the retransmitted CW
224 if it results in an error again. Furthermore, if the last
retransmission of a CW 224 is in error, it may trigger higher
layer Automatic Repeat Request (ARQ) (e.g., Radio Link

Control (RLC) ARQ), thus causing more overhead. Therefore,
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the CW 224 with the last HARQ retransmission may be
avoided to carry CQI 238 and/or PMI 236 if possible.

The corresponding HARQ feedback from the eNB 212
may be signaled on a Physical Hybrid ARQ Indicator
Channel (PHICH) (not shown). In one configuration, the
HARQ retransmission may be non-adaptive. In this
configuration, the same MCS setting may be used for the
CW 224 retransmission. In another configuration, the base
station (e.g., eNB 212) may additionally or alternatively use
adaptive HARQ transmission, where the new transmission
parameters are given by or signaled on the PDCCH 218. For
example, the base station (e.g., eNB 212) may allocate fewer
resources for a retransmission than for the initial CW 224
transmission. In this case, multiplexing CQI 238 and/or
PMI 236 on an adaptive CW 224 retransmission with
reduced resources may not be desirable. With adaptive
HARQ, the parameters and ACK/NACK from the PDCCH 218
may overwrite the information provided on the PHICH.

In one configuration, if more than one CW (e.g., 2 CWs)
224 is transmitted on uplink, the CQI 238 and/or PMI 236
may be multiplexed on one CW 224 only. Therefore, the
systems and methods disclosed herein for CW selection may
use one or more factors or aspects (e.g., semi-static or
dynamic, MCS status or setting and HARQ process) with

different configurations.
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In one configuration, CW selection 204 may be based
on a Modulation and Coding Scheme (MCS) setting. In this
configuration, if CWs 224 have different MCS settings, a CW
224 with a higher MCS setting (which may imply higher TBS
and better channel quality) may be selected by the UE 202.
If CWs 224 have the same MCS setting, the UE 202 may
select a first CW 224, may follow explicit CW selection
signaling (e.g., the CW explicitly signaled by the eNB 212
with the UCI Report Configuration 246 may be used or
selected) or may explicitly signal the CW selection to the
eNB 212.
Another configuration may allow static / semi-static
CW 224 selection using an MCS setting and base station
(e.g., eNB 212) scheduling. In this configuration, MCS
settings may be controlled by the base station 112 (e.g., by
the eNB 212 with the UCI Report Configuration 246).
Accordingly, the base station may modify the MCS setting
and antenna port numbers to allow static or semi-static CW
selection. For example, the base station (e.g., eNB 212) may
set static CW selection on the first CW 224 by always
setting a higher (or the same) MCS setting on the first
antenna port. When the channel condition changes, the
base station (e.g., eNB 212) may switch the antenna port
number to maintain a higher (or same) MCS setting for the

first CW 224.
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In another configuration, the dynamic CW selection
204 may further use the HARQ process with the MCS setting.
This may be further divided into two approaches depending
on the configuration.

Another configuration may allow dynamic CW selection
using MCS and HARQ preferences of initial transmission.
In this configuration, an initial transmission CW 224 (e.g., a
CW 224 carrying an initial transmission) may be preferred
over a HARQ retransmission (CW 224) because it has more
chances to be retransmitted when in error. Similarly, a CW
224 with a smaller number of retransmissions in a HARQ
process may be preferred over a CW 224 with a higher
number of retransmissions. The CW selection 204
according to this configuration is described as follows.

In this configuration, if the CWs 224 have different
MCS settings, the UE 202 may select the CW 224 with a
higher MCS setting (which may imply a higher TBS and
better channel quality). If the CWs 224 have the same MCS
setting, the UE 202 may determine whether they are all
initial transmissions. If all of the CWs 224 are initial
transmissions, the UE 202 may select the first CW 224, may
select a CW 224 following explicit CW selection signaling
(e.g., using the CW explicitly signaled by the eNB 212 with a
UCI Report Configuration 246) or may explicitly signal the

CW selection to the eNB 212. If a CW 224 is (or carries) a
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HARQ retransmission, and another CW 224 is an initial
transmission, the UE 202 may select the initial
transmission CW 224. If HARQ feedback is received by the
UE 202, the UE 202 may optionally determine whether they
are adaptive or non-adaptive retransmissions. If one or
more CWs 224 are not non-adaptive (e.g., adaptive)
retransmissions, the UE 202 may determine whether they
are all adaptive retransmissions. If a CW 224 is a non-
adaptive retransmission and another CW 224 is an adaptive
retransmission, the UE 202 may compare the resources
used for the adaptive retransmission against its initial
transmission. If the adaptive retransmission uses less
resource than its initial transmission, the UE 202 may avoid
selecting this CW 224 and select a CW 224 with non-
adaptive retransmission. Otherwise, if the resources used
for the adaptive retransmission CW 224 is more than its
initial transmission the UE 202 may select this CW 224.
If all of the CWs 224 are adaptive retransmissions, the
UE may determine the initial MCS setting of the CWs 224,
and select the CW 224 with a higher initial MCS setting. If
the initial MCS settings are the same, the UE 202 may
compare the number of retransmissions. If all of the CWs
224 are non-adaptive retransmissions, the UE 202 may
determine the number of retransmissions of the CWs 224,

The UE 202 may compare the number of retransmissions of
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the CWs 224 and select the CW 224 with a smaller number
of retransmissions. If the CWs 224 have the same number
of retransmissions, the UE 202 may select the first CW 224,
select a CW 224 following explicit CW selection signaling
(e.g., using the CW 224 explicitly signaled by the eNB 212
with a UCI Report Configuration 246) or may explicitly
signal the CW 224 selection to the eNB 212.

Another configuration may allow dynamic CW 224
selection using MCS and HARQ preferences of
retransmission. In this configuration, multiplexing CQI 238
and/or PMI 236 on a retransmission CW 224 may cause less
system degradation since there may already be a copy of the
CW 224 at the receiver (e.g., eNB 212) and HARQ soft-
combining may achieve better performance than the initial
transmission only. In this configuration, an HARQ
retransmission CW 224 may be preferred over an initial
transmission CW 224. Similarly, a CW 224 with a higher
number of retransmissions may be preferred over a CW 224
with a lower number of retransmissions. An exception may
be given on a last retransmission to reduce or minimize the
probability of triggering upper layer retransmissions. This
CW selection mechanism configuration is described as
follows.

In this configuration, if CWs 224 have different MCS

settings, the UE 202 may select a CW 224 with a higher
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MCS setting (which may imply a higher TBS and better
channel quality). If the CWs 224 have the same MCS setting,
the UE 202 may determine whether they are all initial
transmissions. If all of the CWs 224 are initial
transmissions, the UE 202 may select the first CW 224, may
select a CW 224 following explicit CW selection signaling
(e.g., using the CW 224 explicitly signaled by the eNB 212
with a UCI Report Configuration 246) or may explicitly
signal the CW 224 selection to the eNB 212. If a CW 224 is
(or carries) a HARQ retransmission, and another CW 224 is
an initial transmission, the UE 202 may determine whether
this is the last retransmission for the HARQ retransmission
CW 224. If it is the last retransmission for the HARQ
retransmission CW 224, the UE may (avoid it) and select the
initial transmission CW 224 for CQI 238 and/or PMI 236
multiplexing. Otherwise (if it is not the last retransmission),
the UE 202 may select the HARQ retransmission CW 224 for
multiplexing CQI 238 and/or PMI 236.
If HARQ feedback is received by the UE 202, the UE
202 may determine whether they are adaptive or non-
adaptive retransmissions. If one or more CWs 224 are not
non-adaptive (e.g., adaptive) retransmissions, the UE 202
may determine whether they are all adaptive
retransmissions. If a CW 224 is a non-adaptive

retransmission and another CW 224 is an adaptive
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retransmission, the UE 202 may compare the resources
used for the adaptive retransmission against (the resources
used for) its 1initial transmission. If the adaptive
retransmission uses fewer resources than the initial
transmission, the UE 202 may avoid selecting the adaptive
retransmission CW 224 and may select the CW 224 with a
non-adaptive retransmission. Otherwise, if the resources
used for the adaptive retransmission CW 224 are more than
the resources used for the initial transmission, the UE 202
may select the adaptive retransmission CW 224,

If all of the CWs 224 are adaptive retransmissions, the
UE 202 may determine the initial MCS setting of the CWs
224 and select a CW 224 with a higher initial MCS setting.
If the initial MCS settings of the CWs 224 are the same, the
UE 202 may determine the number of retransmissions. If
all of the CWs 224 are non-adaptive retransmissions, the
UE 202 may determine the number of retransmissions of the
CWs 224. The UE 202 may compare the number of
retransmissions of the CWs 224. If the CWs 224 have the
same number of retransmissions, the UE 202 may select the
first CW 224 or select a CW 224 following explicit CW
selection signaling (e.g., using the CW explicitly signaled by
the eNB 212 with a UCI Report Configuration 246) or may
explicitly signal the CW selection to the eNB 212. If the

CWs have a different number of retransmissions, the UE
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202 may check whether this is the last retransmission for
the CW 224 with a higher number of HARQ retransmissions,
the UE 202 may avoid it and select the CW 224 with a lower
number of retransmissions for CQI 238 and/or PMI 236
multiplexing. Otherwise, the UE 202 may select the CW 224
with a higher number of HARQ retransmissions to multiplex
CQI 238 and/or PMI 236.

The UE 202 may use the CQI/PMI symbol quantity
determination module 240 to determine the number of
CQI/PMI symbols on the selected CW 224. The number of
CQI/PMI symbols on the selected CW may follow the
Release-8 procedure with an extension of time alignment
across multiple layers. For example, the number of symbols

Q' on each layer 222 may be determined according to the

Release-8 formula as illustrated in Equation (3).

PUSCH~initial 5y PUSCH—initial _p PUSCH
(0+R)- My, Nymb Pogser AfPUSCH _n PUSCH _ ORI
> SC

K r symb Qm

Q' =min

(3)

In Equation (3), K, is the turbo interleaver size for the
selected CW. K, may be determined by the Modulation and
Coding Scheme (MCS) setting 254 and the number of

subcarriers (e.g., Npgpgp) provided by the PUSCH Resource

Information 250.
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According to the systems and methods disclosed herein,
CW selection may be accomplished implicitly. For example,
the UE 202 may not explicitly signal (to the eNB 212, for
example) which CW 224 is selected to carry the PMI 236
and/or CQI 238, and the eNB 212 may not define the CW
selection with the UCI Report Configuration 246. In that
case, the base station (e.g., eNB 212) may use the UCI
interpretation module 244 to determine which CW 224 has
been selected for PMI 236 and/or CQI 238 multiplexing.
However, the base station (e.g., eNB 212) may choose any
CW for UCI multiplexing by explicit signaling with the UCI
Report Configuration 246. For example, the eNB 212 may
use the UCI Report Configuration 246 to explicitly signal a
CW 224 selection to the UE 202 for PMI 236 and/or CQI 238
multiplexing. When explicit signaling is used, it may
override implicit CW selection. The eNB 212 may also use
the UCI Report Configuration 246 to set the dynamic CW
selection preferences with HARQ status, for example, if the
CW 224 with initial transmission or a lower number of
retransmissions is preferred, or vice versa.

In one configuration for A/N 232 and RI 234, the UCI
symbols (e.g., 216b) may be time-aligned across all layers
222. The number of symbols on each layer 222 may need be
determined. In Release-8, for example, there may be only

one CW 224 on one layer 222 on the PUSCH 220. Thus, a



10

15

20

WO 2011/158969 PCT/JP2011/064333

41 -
single P,pe may be sufficient to define the number of code
control bits for A/N and RI. With SU-MIMO, however,
multiple CWs 224 and multiple layers 222 may be used.

Since the UCI symbols (e.g., UCI B 216b) may be time-

aligned across all layers 222, the corresponding Pyge on
each layer 222 may be different. If the same Bofser is
applied on each layer 222, the time alignment may not be
guaranteed. Furthermore, using time alignment with Bz,
on the best or worst layer, control (e.g., UCI B 216b) may be
under-protected or over-protected, respectively. Thus, the
Bofser in the SU-MIMO case may be defined as the sum of the
redundancy over all layers 222.

One configuration for determining the number of
symbols on each layer 222 is described as follows. In this
configuration, A/N 232 and RI 234 are time-aligned across
all layers 222, which may be analogous to a rank-1
transmission. One approach is to extend the Release-8
procedure by treating all CWs 224 on all layers 222 as

aggregated data. This is illustrated in Equation (4).

PUSCH ~initial _5; PUSCH —initial =5 PUSCH
O-My, ‘N B
. b t
Q' =min C_slym offse ’4.MSIZUSCH
> K,
L r=0 i

(4)
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In Equation (4), O is the number of ACK/NACK 232 bits or
rank indicator (RI) 234 bits, ¢ 252 is the number of CWs
224, K, is the turbo code interleaver size for a CW 224. K,
may be decided by the Modulation and Coding Scheme
5 (MCS) setting 254 and the number of subcarriers (e.g., Nppp)
provided by the PUSCH Resource Information 250. The sum
of K, for all the CWs 224 may be used in the denominator.
Equation (4) may be alternatively explained as follows.

A/N 232 and RI 234 may be interleaved on all layers 222.

10 Accordingly, a Bz value may be calculated for each layer
222. The sum of the B,z on all layers 222 should be equal
to the desired B,z value 248.

For example, assuming Q' symbols on each layer 222,

the Byme for each layer 222 may be given as illustrated in

15 Equation (5).
Kr;
el
Q( . )
ﬂPUSCH _ J
offset O . 0 PUSCH —initial | ny PUSCH —initial
“Msc Y symb
(5)

In Equation (5), layer i 222 is mapped to the jth CW 224,

Kr; is the interleaver size of j'» CW 224 for ;j=0,..C-1, and
20 L; is the number of layers 222 of the Ct" CW 224. The total

Bomer may be expressed as illustrated in Equation (6).
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PUSCH PUSCH _
oﬁ&er Z B offset -

. i
w 47 03w

0- MPUSCH—mma/ NPUSCH —initial ~ 0. MPUSCH tmtza/ NPUSCH —initial
i= symb symb

(6)

In Equation (6), L,,, is the total number of layers 222 for
transmission, where Lsum=ZL,-. Thus, given the desired

Bofser value, the desired Q' can be obtained as illustrated in

S Equation (7).

PUSCH —initial PUSCH —initial PUSCH
O Mg Nsymb B offset

Tk,
r=0

Q'=

(7)

The UCI (e.g., UCI B 216b) may be mapped to an integer

number of symbols. Thus, the same result is obtained.

PUSCH ~initial —y; PUSCH—initial —p PUSCH

O-Mg, N oymb Bofer PUSCH
c-1 4 Mye

2 Ky

r=0

10 That is, Q'=min

In this configuration, .z, is proportionally distributed

across layers 222, with lower layer 222 / CW 224 f, 4,

values on the layer 222 / CW 224 with higher MCS settings,

for example.
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In another configuration, a more conservative
approach (which may guarantee control performance, for
example) comprises calculating Q' based on the worst layer

222 setting. In this configuration, let the expected Bz, on

PUSCH
5 a layer be described as ﬁé}s]ff”l =_"ff§.e’__, Then, Qj may
ayer sum

be determined as illustrated in Equation (8).

. M USCHinitial pPUSCHinitial gPUSCH PUSC Hinitial , PUSCHinitial aPUSCH
O-Myc Nsymb ﬁoﬂset layer_O'Msc 'Nsymb " Poffset

A -

(8)

g=

Ceiling into an integer number of symbols and limited by

10 the PUSCH resources, Equation (9) may be obtained.

0. MS}Z‘USCH~initial . NPUSCH—initial ﬁ PUSCH

0! = min symb offset 4-M S}ZUSCH
K. .
( r% J'Lsum
J
(9)

Furthermore, (@ may be determined as illustrated in

Equation (10).

Q'=max(Q,f) i=1 .y Lo
(10)

15

This configuration may ensure that the Bz, is maintained

even for the worst codeword 224 and layer 222. On the
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other hand, it protects the A/N 232 and RI 234 with higher
overhead compared with the configuration illustrated in
Equations (4) - (7).

Figure 3 is a block diagram illustrating one
configuration 300 of several information formatting modules
that may be used in accordance with the systems and
methods disclosed herein. The transport block CRC
attachment module 356 may format information into a
transport block and attach CRC information. The code
block segmentation / code block CRC attachment module
358 may segment a code block and attach CRC information.
This may be input into the channel coding module 360,
which may channel code the input. The output of the
channel coding module 360 may be input into the rate
matching module 362, which may rate match the input into
the desired length to fill the PUSCH allocation resource.
This may be input into the code block concatenation module
364, which may concatenate the input to form a code block
to fill the PUSCH allocation resource. In one configuration,
for example, in uplink there may only be one transport
block for one antenna port.

Control information may be channel coded by channel
coding modules 366, 368, 370. For example, CQI 238
and/or PMI 236 may be channel coded by a channel coding

module 366. RI 234 may be channel coded by another
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channel coding module 368 and ACK/NACK (e.g., HARQ
232) may be channel coded by another channel coding
module 370.

According to the systems and method disclosed herein,
the coded CQI/PMI 238, 236 is multiplexed in front of coded
data bits by a data and control multiplexing module 372.
Additionally, channel interleaving of coded ACK/NACK 232
and coded RI 234 is performed by a channel interleaver 374.
The coded A/N 232 and coded RI 234 may be inserted to
given column sets of symbols in a sub-frame. Figure 3
illustrates mechanisms that may be applied in accordance
with the systems and methods disclosed herein. That is,
the systems and methods disclosed herein may describe how
to determine the length of coded control messages (e.g., the
number of symbols for coded bits of A/N and RI on each
layer), which Transport Block (TB) may be used for CQI/PMI
multiplexing, and the number of symbols for coded CQI/PMI
on each layer of the selected codeword.

According to the systems and method disclosed herein,
the number of symbols for the coded CQI/PMI 238 on each
layer of a selected codeword and the number of symbols for
the coded ACK/NACK 232 and/or coded RI 234 on each

layer of all codewords may be decided by the corresponding

coI HARQ-ACK
ﬂoﬁ%et (e.g., ﬁoﬁ@et ’ 'Boﬁrset

CQI/PMI, A/N and RI, respectively). The Bz, values may

and 'B;}flsez may be determined for
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be the same and may be derived the same way as in LTE
Release-8, such that the UE may obtain the Sy, for control
information 248 for SU-MIMO, including one codeword on
multiple layers and multiple codewords on multiple layers,
in a similar way for one codeword on one layer.

Figure 4 is a flow diagram illustrating one
configuration of a method 400 that may be performed on a
base station 112 according to the systems and methods
disclosed herein. A base station 112 may establish 402
communication with a wireless communication device 102.
The base station 112 may send 404 control parameters to
the wireless communication device 102. For example, the
base station 112 may send one or more Bz, for Control
Information 248 parameters, the number of CWs C 252 (e.g.,
the number of CWs 224), codeword MCS setting 254 and
other parameters, such as PUSCH Resource Information 250
and UCI Report Configuration 246 if necessary. The base
station 112 may send 406 base station information to the
wireless communication device 102. For example, the base
station 112 may send (downlink) data to the wireless
communication device 102 (e.g., voice data, media data, file
data, etc.). The wireless communication device 102 may use
the parameters and/or information (e.g., data) to determine
feedback values, such as ACK/NACK 232, RI 234, PMI 236

and/or CQI 238 uplink control information (e.g., UCI B
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216b). The wireless communication device 102 may format
and send this uplink control information 116b on one or
more codewords 124 and/or on one or more layers 222
according to the systems and methods disclosed herein.
The base station 112 may receive 408 the uplink control
information 116b from the wireless communication device
102. Depending on the configuration, the base station 112
may use the uplink control information 116b for
maintaining and/or modifying its 112 communications with
the wireless communication device 102. For example, the
base station 112 may retransmit data, update a precoder
and/or generate control commands, etc. based on the uplink
control data 116b.

Figure 5 is a flow diagram illustrating one
configuration of a method S00 for selecting a codeword and
determining a symbol length for uplink control information.
A wireless communication device 102 may establish 502
communication with a base station 112. For example, a
wireless communication device 102 may negotiate with a
base station 112 to gain access to base station 112
resources by sending messages to and/or receiving
messages from the base station 112. The wireless
communication device 102 may receive 504 control
parameters from the base station 112. For example, the

wireless communication device 102 may receive one or
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more fypme for Control Information 248, the number of CWs
C 252 (e.g., the number of CWs 224), Codeword MCS Setting
254 and/or other parameters such as PUSCH Resource
Information 250 and UCI Report Configuration 246 if
necessary. The wireless communication device 102 may
additionally or alternatively receive commands from the
base station 112.

The wireless communication device 102 may also
receive 506 base station 112 information. For example, the
wireless communication device 102 may receive 506 data or
messages from the base station 112 on one or more
downlink component carriers 128. For instance, the
wireless communication device 102 may receive 506 voice
data, media data, file data, etc. from the base station 112.

The wireless communication device 102 may generate
508 uplink control information based on the base station
112 information. For example, the wireless communication
device 102 may use the UCI Report Configuration 246 to
determine if control reporting is required and if not, what
control information may be reported. The wireless
communication device 102 may use the parameters and/or
information (e.g., data) to determine feedback values, such
as ACK/NACK 232, RI 234, PMI 236 and/or CQI 238 uplink

control information (e.g., UCI B 216Db).
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The wireless communication device 102 may select a
codeword 124 from a plurality of codewords 124 for at least
some of the uplink control information. For example, if a
plurality of (e.g., two or more) codewords 124 are used, the
wireless communication device 102 may select one codeword
124 from the plurality of codewords 124 for CQI and/or PMI
multiplexing. More detail regarding selecting 510 a
codeword 124 was given above in connection with Figure 2
and will be given below in connection with Figure 7.
The wireless communication device 102 may determine
512 a number of symbols for the uplink control information
116b. For example, the wireless communication device 102
may determine 512 a number of symbols (on the one or
more codewords 124 and/or layers 122, for example) for CQI
238, PMI 236, ACK/NACK 232, and/or RI 234. More detail
regarding determining 512 a number of symbols was given
above in connection with Figure 2 and will be given below in
connection with Figure 8. The wireless communication
device 102 may send 514 the uplink control information
116b. For example, the wireless communication device 102
may send 514 the uplink control information according to
the codeword selection 510 and/or symbol quantity
determination 512.
Figure 6 is a block diagram illustrating one

configuration of a codeword selection module 604 for CQI
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and/or PMI multiplexing. The codeword selection module
604 may include one or more HARQ statuses 676, a number
of layers 678, a number of codewords 682 and/or one or
more MCS settings 686. The codeword selection module 604
may also include an explicit CW signaling module 680.

Each of the one or more HARQ statuses 676 may
correspond to a codeword 124, for example. Each of the
HARQ statuses 676 may include information such as
whether the codeword 124 is an initial transmission or a
retransmission 633, whether the codeword 124 is using
adaptive or non-adaptive retransmission 635 (e.g., if the
codeword 124 is a retransmission), the amount of resources
used for an initial retransmission 637, the amount of
resources used for a subsequent adaptive retransmission
639, the number of HARQ retransmissions 684 and/or
whether the codeword 124 is a last retransmission 641.

The number of layers 678 may indicate the number of
layers 122 being used by the wireless communication device
102. "'The number of codewords 682 may indicate the
number of codewords being wused by the wireless
communication device 102. Each of the one or more MCS
settings 686 may correspond to a codeword 124. Each MCS
setting 686 may indicate (e.g., implicitly or explicitly
indicate) information such as a Transport Block Size (TBS)

688 and/or channel quality 690, for example. The TBS 688
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may indicate the size of the transport block for a codeword
124. The channel quality 690 may provide an indication of
channel quality.

The explicit CW signaling module 680 may allow the
wireless communication device 102 to follow explicit CW
selection commands for an eNB 212 or explicitly signal a
CW selection in certain cases. The codeword selection
module 604 for CQI/PMI multiplexing may operate in
accordance with the method 700 illustrated in Figures 7A-
7E as follows.

Figures 7A, 7B, 7C, 7D and 7E are flow diagrams
illustrating several configurations of a method 700 for
selecting a codeword for uplink control information. The
codeword selection module 104 on the wireless
communication device 102 may be used to select a CW 124
for uplink control information 116b. In one configuration,
CQI 238 and/or PMI 236 may be multiplexed on one CW 224
in SU-MIMO transmission on a PUSCH 220. The wireless
communication device 102 may determine 702 whether to
use CQI/PMI multiplexing. For example, the wireless
communication device 102 may determine whether CQI 238
and/or PMI 236 messages cannot be sent on a PUCCH 214
(e.g., the PUCCH’s 214 resources are already occupied),

whether the eNB 212 has commanded CQI/PMI multiplexing
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and/or whether CQI/PMI multiplexing would otherwise be
beneficial.

If the wireless communication device 102 determines
702 to use CQI/PMI multiplexing, the wireless
communication device 102 may determine 704 whether the
number of codewords 124 (e.g., CWs 224) used is one or
more. For example, the base station 112 (e.g., eNB) may
configure communications (e.g., allocate communication
resources) for the wireless communication device 102 to use
one or more codewords 124 or the wireless communication
device 102 may otherwise determine whether one or more
codewords 124 may be used (e.g., if sufficient
communication resources allow usage of only one or more
codewords 124).

If the wireless communication device 102 determines
704 that only one codeword 124 (e.g., one CW 224) is used,
then no CW selection 204 may be needed or applied. In
Figure 7A, operation may thus continue through connector
A (e.g., connectors A, B, C, D used for convenience) to
multiplexing 706 on the CW. In other words, if only one
codeword 124 is used, then the wireless communication
device 102 may multiplex 706 on the single codeword 124.

The wireless communication device 102 may determine
708 whether one or more layers 122 are used. For example,

the base station 112 (e.g., eNB) may configure
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communications (e.g., allocate communication resources) for
the wireless communication device 102 to use one or more
layers 122 or the wireless communication device 102 may
otherwise determine whether one or more layers 122 may be
used (e.g., if communication resources allow wusage of
multiple layers 122).

If the number of codewords 124 used is one and the
number of layers 122 is 1 or 2, the wireless communication
device 102 may use Release-8 (and/or extended Release-8)
multiplexing and channel interleaving mechanisms so that
an input to data-control multiplexing
%OsqlaQZaQBa---aQQCQI—lst’fl»f2:f3=---afG—1} may be grouped into
column vectors g,.£.8,:85.-&,,_, of length 0, *L, where 0,
is a modulation order (e.g., 2 for QPSK, 4 for 16QAM and 6
for 64QAM, etc.) and L is the number of layers 222 (e.g., 1,
2, etc.) that the codeword 124 is mapped onto. For example,
if the wireless communication device 102 determines 708
that only one layer 122 is used, the wireless communication
device may use 710 Release-8 (e.g., “Rel-8”) multiplexing. If
the wireless communication device 102 determines 708 that
more than one layer (e.g., two or more) is used, the wireless
communication device may use 712 (e.g., “reuse”) Release-8
multiplexing. In this case, time alignment or realignment

may be enabled across 2 or more layers (e.g., L=2).
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For CQI 238 and/or PMI 236 multiplexing, the systems
and methods disclosed herein provide procedures for
codeword selection 104 when multiple codewords 124 are
used in SU-MIMO transmission. Several factors or aspects
may be used including complexity, one or more Modulation
and Coding Scheme (MCS) settings and/or HARQ status or
process. The systems and methods disclosed herein may be
used to select the codeword 124 with reduced or minimum
overhead in different configurations in order to reduce or
minimize system impact on the transmitted codeword 124
due to control (e.g., uplink control information B 116b)
multiplexing.

CQI 238 and/or PMI 236 messages (e.g., uplink control
information B 116b) may be treated the same as data 226
after multiplexing. Thus, the codeword 124 with minimum
impact after the CQI 238 and/or PMI 236 multiplexing may
be selected for uplink MIMO (e.g., when more than one
codeword 124 is used). Several factors or aspects may be
used to make this selection. These factors or aspects may
include system complexity, Modulation and Coding Scheme
(MCS) settings and/or HARQ status of the codewords 124.

Selecting a codeword 124 statically or semi-statically
may simplify the CQI 238 and/or PMI 236 decoding at the
receiver (e.g., the base station 112 or eNB 212) since it does

not need to dynamically determine which codeword 124 is
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used to carry the information. On the other hand, this may
cause unnecessary performance loss if the selected
codeword 124 has a poor channel condition.

A higher MCS setting may imply a better channel
quality, a higher data payload size (e.g., Transport Block
Size or TBS) and/or a higher order of modulation (Q,).
Thus, a smaller number of symbols may be required on a
layer 122 with a higher MCS setting to satisfy the same
Bopser TEQuirement for a control message and the codeword
124 control/data overhead ratio may be reduced or
minimized.

With HARQ (e.g., ACK/NACK) 232, the same or a
different redundant version of a codeword 124 may be
transmitted (e.g., retransmitted) if the previous
transmission is not successful. Since a previous version
may already be available at the receiver (e.g., the base
station 112 or eNB 212), the receiver may be more likely to
decode the codeword 124 successfully by soft combining the
current transmission. Therefore, allocating or giving up
resources on a HARQ retransmission codeword 124 for
control (e.g., UCI B 216b) multiplexing may cause less
impact on the data 226 performance compared with taking
away resources from an initial transmission codeword 124

(e.g., a codeword 124 carrying an initial transmission).
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However, taking away resources from a retransmission
codeword 124 may cause a longer delay for the
retransmitted codeword 124 if it results in an error again.
Furthermore, if the last retransmission of a codeword 124 is
in error, it may trigger higher layer Automatic Repeat
Request (ARQ) (e.g., Radio Link Control (RLC) ARQ), thus
causing more overhead. Therefore, the codeword 124 with
the last HARQ retransmission may be avoided to carry CQI
238 and/or PMI 236 if possible.

In one configuration, the HARQ retransmission may be
non-adaptive. In this configuration, the same MCS setting
may be used for the codeword 124 retransmission and the
corresponding HARQ feedback may be signaled on a Physical
Hybrid ARQ Indicator Channel (PHICH). In another
configuration, the base station (e.g., eNB 212) may
additionally or alternatively use adaptive HARQ
transmission, where the new transmission parameters and
HARQ feedback are given by or signaled on the PDCCH 218.
For example, the base station (e.g., eNB 212) may allocate
fewer resources for a retransmission than for the initial
codeword 124 transmission. In this case, multiplexing CQI
238 and/or PMI 236 on an adaptive codeword 124
retransmission with reduced resources may not be desirable.

In one configuration, if more than one codeword (e.g.,

2 codewords) 224 is transmitted on uplink, the CQI 238
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and/or PMI 236 may be multiplexed on one codeword 124
only. Therefore, the systems and methods disclosed herein
for codeword selection may use one or more factors or
aspects (e.g., semi-static or dynamic, MCS status or setting
and HARQ process) with different configurations.

One configuration of the method 700 may perform
codeword 124 selection using an MCS setting. In this
configuration, codeword selection 104 may be based on a
Modulation and Coding Scheme (MCS) setting. This
configuration is illustrated in Figure 7B. In this
configuration, if codewords 124 have different MCS settings,
a codeword 124 with a higher MCS setting (which may imply
higher TBS and better channel quality) may be selected by
the wireless communication device 102. If codewords 124
have the same MCS setting, the wireless communication
device 102 may select a first codeword 124, may follow
explicit CW selection signaling from the eNB 212 or may
explicitly signal the codeword selection (to the eNB 212).

As illustrated in Figure 7B, operation may continue
from connector B in Figure 7A. For example, if the wireless
communication device 102 determines 704 that the number
of codewords 124 used is greater than one (e.g., two or
more), the wireless communication device 102 may
determine 714 whether all of the codewords 124 have the

same MCS setting (e.g., MCS setting 686). If the wireless
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communication device 102 determines 714 that not all of
the codewords 124 have the same MCS setting, the wireless
communication device 102 may select 718 a codeword 124
with a higher or highest MCS setting (e.g., MCS setting 686).
If the wireless communication device 102 determines 714
that all of the codewords 124 have the same MCS setting,
the wireless communication device 102 may select 716 the
first codeword 124 or may follow explicit signaling of CW
selection if available. When using explicit signaling, the
eNB 212 may inform the wireless communication device 102
on the CW selection with the UCI Report Configuration 246
or the wireless communication device 102 may send a
message to the base station 112 that indicates the selected
codeword 124.

In another configuration, static / semi-static codeword
selection may be performed using an MCS setting and base
station 112 scheduling. In this configuration, the eNB 212
may inform the wireless communication device 102 on the
CW selection with a UCI Report Configuration 246. The
MCS settings (e.g., MCS settings 686) may be controlled by
the base station 112 (e.g., eNB 212). Accordingly, the base
station 112 (e.g., eNB 212) may modify the MCS setting and
antenna port numbers to allow static or semi-static
codeword selection. For example, the base station 112 (e.g.,

eNB 212) may set static codeword selection on the first
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codeword 124 by always setting a higher (or the same) MCS
setting (e.g., 686) on the first antenna port. When the
channel condition changes, the base station 112 (e.g., eNB
212) may switch the antenna port number to maintain a
higher (or same) MCS setting for the first codeword 124.

Dynamic codeword selection may further use the HARQ
process with the MCS setting. This may be further divided
into two approaches depending on the configuration. The
eNB 212 may inform the wireless communication device 102
on the CW selection preferences or settings of HARQ
considerations with the UCI Report Configuration 246.

In another configuration, dynamic codeword 124
selection using MCS and HARQ preferences of initial
transmission may be performed as illustrated in Figure 7C.
In this configuration, an initial transmission codeword 124
(e.g., a codeword 124 carrying an initial transmission) may
be preferred over a HARQ retransmission (e.g., a HARQ
retransmission codeword 124) because it has more chances
to be retransmitted when in error. Similarly, a codeword
124 with a smaller number of retransmissions in a HARQ
process may be preferred over a codeword 124 with a higher
number of retransmissions. The codeword selection 104
according to this configuration is described as follows.

In this configuration (illustrated in Figure 7C),

operation may continue from connector B in Figure 7A. For
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example, if the wireless communication device 102
determines 704 that the number of codewords 124 used is
greater than one (e.g., two or more), the wireless
communication device 102 may determine 720 whether all of
the codewords 124 have the same MCS setting (e.g., MCS
setting 686). If the wireless communication device 102
determines 720 that not all of the codewords 124 have the
same MCS setting, the wireless communication device 102
may select 722 a codeword 124 with a higher or highest
MCS setting (e.g., MCS setting 686). For example, if the
codewords 124 have different MCS settings, the wireless
communication device 102 may select 722 the codeword 124
with a higher MCS setting (which may imply a higher TBS
and better channel quality).

If the wireless communication device 102 determines
720 that all of the codewords 124 have the same MCS
setting, the wireless communication device 102 may
determine 724 whether all codewords 124 are initial
transmissions. If all of the codewords 124 are initial
transmissions, the wireless communication device 102 may
follow explicit signaling of a CW selection, if available.

If not all of the codewords 124 are initial
transmissions, the wireless communication device 102 may
determine 728 whether all codewords 124 are HARQ

retransmissions. If not all of the codewords 124 are initial
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transmissions, the wireless communication device 102 may
select 730 a codeword 124 with an initial transmission. For
example, if one of the codewords 124 is (or carries) a HARQ
retransmission, and another codeword 124 is an initial
transmission, the wireless communication device 102 may
select 730 the initial transmission codeword 124. If all of
the codewords 124 are HARQ retransmissions, the wireless
communication device 102 may optionally follow connector
C. For example, if HARQ feedback is received by the
wireless communication device 102, the wireless
communication device 102 may optionally determine
whether they are adaptive or non-adaptive retransmissions.
In other words, the wireless communication device 102 may
optionally use 732 adaptive and non-adaptive
considerations, which are illustrated in Figure 7D. The
adaptive and non-adaptive considerations 732 will be
explained in more detail in relation to Figure 7D below.

If the wireless communication device determines 728
that all of the codewords 124 are (or carry) HARQ
retransmissions and adaptive and non-adaptive HARQ
considerations 732 are not used (in one configuration) or if
operation returns from adaptive and non-adaptive HARQ
considerations 732 at connector D, the wireless
communication device 102 may determine 734 whether all

codewords 124 have the same number of retransmissions.
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For example, the wireless communication device 102 may
compare the number of retransmissions 684 of each
codeword 124. If the wireless communication device 102
determines 734 that not all of the codewords 124 have the
same number of retransmissions, the wireless
communication device 102 may select 736 a codeword with a
lower or lowest number of retransmissions (using the
number of HARQ retransmissions 684, for example). For
example, the wireless communication device 102 may
compare the number of retransmissions of the codewords
124 and select the codeword 124 with a smaller number of
retransmissions. If the wireless communication device 102
determines 734 that all of the codewords 124 have the same
number of retransmissions, the wireless communication
device 102 may select 726 the first codeword 124 or follow
explicit signaling of CW selection, if available.

More detail is now given regarding adaptive and non-
adaptive HARQ considerations as illustrated in Figure 7D.
As illustrated, operation may continue from connector C (in
Figure 7C or 7E depending on the configuration, for
example). The wireless communication device 102 may
determine 738 whether all of the codewords 124 are non-
adaptive retransmissions. If all of the codewords 124 are

non-adaptive retransmissions, operation may proceed to
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connector D (in Figure 7C or 7E depending on the
configuration, for example).

If the wireless communication device 102 determines
738 that one or more codewords 124 are not non-adaptive
retransmissions (e.g., one or more codewords 124 are
adaptive retransmissions), the wireless communication
device 102 may determine 740 whether all of the codewords
124 are adaptive retransmissions. If not all of the
codewords 124 are adaptive retransmissions, the wireless
communication device 102 may determine 742 whether an
adaptive retransmission codeword has or wuses fewer
resources than an initial transmission. For example, if a
codeword 124 is a non-adaptive retransmission and another
codeword 124 is an adaptive retransmission, the wireless
communication device 102 may compare the resources used
for the adaptive retransmission 639 against the resources
used for its initial transmission 637.

If the wireless communication device 102 determines
742 that (one or more codewords 124 using) the adaptive
retransmission has or uses fewer resources than its initial
transmission, the wireless communication device 102 may
select 744 a codeword 124 with non-adaptive retransmission
(e.g., and avoid selecting a codeword 124 with adaptive
retransmission). Otherwise, if the wireless communication

device 102 determines 742 that the resources used for the
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adaptive retransmission codeword 124 are more than its
initial transmission, the wireless communication device 102
may select 746 the codeword 124 with adaptive
retransmission.

If the wireless communication device 102 determines
740 that all of the codewords 124 are adaptive
retransmissions, the wireless communication device 102
may determine 748 whether all of the codewords 124 have
the same initial MCS setting (e.g., MCS setting 686). If all
of the codewords 124 do not have the same initial MCS
setting, the wireless communication device 102 may select
750 a codeword with a higher or highest initial MCS setting.
If the initial MCS settings are the same for all of the
codewords 124, operation may proceed to connector D (in
Figure 7C or 7E depending on the configuration, for
example).

In another configuration (illustrated in Figure 7E),
dynamic codeword 124 selection using MCS and HARQ
preferences of retransmission may be performed. In this
configuration, multiplexing CQI 238 and/or PMI 236 on a
retransmission codeword 124 may cause less system
degradation since there is already a copy of the codeword
124 at the receiver (e.g., the base station 112 or eNB 212)
and HARQ soft-combining may achieve better performance

than the initial transmission only. In this configuration, a
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HARQ retransmission codeword 124 may be preferred over
an initial transmission codeword 124. Similarly, a
codeword 124 with a higher number of retransmissions may
be preferred over a codeword 124 with a lower number of
retransmissions. An exception may be given on a last
retransmission to reduce or minimize the probability of
triggering upper layer retransmissions. This codeword
selection mechanism configuration is described as follows.

As illustrated in Figure 7E, operation may continue
from connector B as illustrated in Figure 7A. In this
configuration, the wireless communication device 102 may
determine 752 whether all of the codewords 124 have the
same MCS setting (e.g., MCS setting 686). If all of the
codewords 124 do not have the same MCS setting (e.g., they
have different MCS settings), the wireless communication
device 102 may select 754 a codeword 124 with a higher or
highest MCS setting. A higher MCS setting may imply a
higher TBS (e.g., TBS 688) and better channel quality (e.g.,
channel quality 690).

If the wireless communication device 102 determines
752 that all of the codewords 124 have the same MCS
setting, the wireless communication device 102 may
determine 756 whether all of the codewords 124 are initial
transmissions. If all of the codewords 124 are initial

transmissions, the wireless communication device 102 may



10

15

20

25

WO 2011/158969 PCT/JP2011/064333

- 67 -
select 758 the first codeword 124 or follow explicit signaling
of CW selection, if available.

If the wireless communication device 102 determines
756 that not all of the codewords 124 are initial
transmissions, the wireless communication device 102 may
determine 760 whether all of the codewords 124 are HARQ
retransmissions. If not all of the codewords 124 are HARQ
retransmissions, the wireless communication device 102
may determine 762 whether it is the last retransmission for
a HARQ codeword 124. For example, if a codeword 124 is
(or carries) a HARQ retransmission, and another codeword
124 is an initial transmission, the wireless communication
device 102 may determine 762 whether this is the last
retransmission for the HARQ retransmission codeword 124.
If it is the last retransmission for the HARQ retransmission
codeword 124, the wireless communication device 102 may
(avoid it and) select 764 an initial transmission codeword
124 for CQI 238 and/or PMI 236 multiplexing. If it is not
the last retransmission, the wireless communication device
102 may select 766 the HARQ retransmission codeword 124
for multiplexing CQI 238 and/or PMI 236.

If the wireless communication device 102 determines
760 that all of the codewords 124 are HARQ retransmissions,
operation may optionally proceed to connector C (illustrated

in Figure 7D) to determine 738 whether all of the codewords
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738 are non-adaptive retransmissions. That is, the wireless
communication device 102 may use 768 adaptive and non-
adaptive HARQ considerations 768. Alternatively, operation
may  skip the adaptive and non-adaptive HARQ
considerations 768.

In the case where adaptive and non-adaptive
considerations 768 are used, operation may proceed to
connector C in Figure 7D. For example, if HARQ feedback is
received by the wireless communication device 102, the
wireless communication device 102 may determine 738
whether they are adaptive or non-adaptive retransmissions
as illustrated in Figure 7D. More specifically, the wireless
communication device 102 may determine 738 whether all of
the codewords 124 are non-adaptive retransmissions. If all
of the codewords 124 are non-adaptive retransmissions,
operation may proceed to connector D (as illustrated in
Figure 7C or 7E). If one or more codewords 124 are not
non-adaptive retransmissions, the wireless communication
device 102 may determine 740 whether they are all adaptive
retransmissions. If a codeword 124 is a non-adaptive
retransmission and another codeword 124 is an adaptive
retransmission, the wireless communication device 102 may
determine 742 whether an adaptive retransmission
codeword 124 has or uses fewer resources than an initial

transmission. This may be accomplished by comparing the
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resources used for the adaptive retransmission against (the
resources used for) its initial transmission. If the adaptive
retransmission uses fewer resources than the initial
transmission, the wireless communication device 102 may
avoid selecting the adaptive retransmission codeword 124
and may select 744 a codeword 124 with a non-adaptive
retransmission. Otherwise, if the resources used for the
adaptive retransmission codeword 124 are more than the
resources used for the initial transmission, the wireless
communication device 102 may select 746 the adaptive
retransmission codeword 124.

If the wireless communication device 102 determines
740 that all of the <codewords 124 are adaptive
retransmissions, the wireless communication device 102
may determine 748 whether all of the codewords 124 have
the same initial MCS setting. If all of the codewords 124 do
not have the same initial MCS setting, the wireless
communication device 102 may select 750 a codeword 124
with a higher or highest initial MCS setting. If the initial
MCS settings of the codewords 124 are the same operation
may proceed to connector D (as illustrated in Figure 7C or
7E, for example).

If adaptive and non-adaptive HARQ considerations 768
are skipped or if operation returns from adaptive and non-

adaptive HARQ considerations 768 at connector D, the
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wireless communication device 102 may determine 770
whether all of the codewords 124 have the same number of
retransmissions (e.g., using the number of HARQ
retransmissions 684). For example, the wireless
communication device 102 may compare the number of
retransmissions 684 of the codewords 124. If all of the
codewords 124 have the same number of retransmissions,
the wireless communication device 102 may select 758 the
first codeword 124 or follow explicit signaling of CW
selection, if available. If not all of the codewords have the
same number of retransmissions, the wireless
communication device 102 may determine 772 whether a
codeword 124 with a higher number of retransmissions is
the last retransmission. If this is the last retransmission
for the codeword 124 with a higher number of HARQ
retransmissions, the wireless communication device 102
may avoid it and select 774 a codeword 124 with a lower or
lowest number of retransmissions for CQIl 238 and/or PMI
236 multiplexing. If it is not the last retransmission for the
codeword 124 with a higher number of retransmissions, the
wireless communication device 102 may select 776 the
codeword 124 with a higher or highest number of HARQ
retransmissions to multiplex CQI 238 and/or PMI 236.
Figure 8 is a block diagram illustrating one

configuration of a control symbol quantity determination



10

15

20

25

WO 2011/158969 PCT/JP2011/064333

71 -
module 842 for Acknowledgement/Negative
Acknowledgement (ACK/NACK) and/or Rank Indicator (RI).
The control symbol quantity determination module 842 may
include and/or use one or more parameters or pieces of
information in order to determine a control symbol quantity
for ACK/NACK and/or RI. For example, the control symbol
quantity determination module 842 may include and/or use
a number of ACK/NACK bits 892, a number of codewords
894, one or more f,z, values 896, one or more numbers of
layers 898 (e.g., for codewords 124), an MEUSCH-mitial 801 an
Msf;USCH 803, a number of RI bits 805, one or more K, values
807 (where K, is decided by the Modulation and Coding
Scheme (MCS) setting 254 and the number of subcarriers
(e.g., Nprp) provided by the PUSCH Resource Information
250), a Q' 809 and/or an NS%‘ZCH_i”itial 811. More detail on
these parameters 892, 894, 896, 898, 801, 803, 805, 807,
809, 811 follows.

In one configuration for A/N 232 and RI 234, the UCI
symbols (e.g., 216b) may be time-aligned across all layers
222. The number of symbols on each layer 222 may need to
be determined. In Release-8, for example, there may be only
one CW 224 per layer 222 on the PUSCH 220. Thus, a
single Boset 896 may be sufficient to define the number of
code control bits for A/N and RI. With SU-MIMO, however,

multiple CWs 224 and multiple layers 222 may be used.
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Since the UCI symbols (e.g., UCI B 216b) may be time-
aligned across all layers 222, the corresponding B,me 896
on each layer 222 may be different. If the same Bogfser 896 is
applied on each layer 222, the time alignment may not be
guaranteed. Furthermore, using time alignment with B,
on the best or worst layer, the control (e.g., UCI B 216b)
may be under-protected or over-protected, respectively.
Thus, the Byg, 896 in the SU-MIMO case may be defined as
the sum of the redundancy over all layers 222.

One configuration for determining the number of
symbols on each layer 222 is described as follows. In this
configuration, A/N 232 and RI 234 are time-aligned across
all layers 222, which may be analogous to a rank-1
transmission. One approach is to extend the Release-8
procedure by treating all CWs 224 on all layers 222 as

aggregated data. This is illustrated in Equation (11).

PUSCH —initial PUSCH —initial 5 PUSCH
O-Mg, N -p
p . b 1
Q'=min C_slym offse \ 4~MS[Z,USCH
E K,
L r=0 J

(11)

In Equation (11), O is the number of ACK/NACK 232 bits

892 and/or rank indicator (RI) 234 bits 805, C 894 is the

number of CWs 894, K, 807 is the turbo code interleaver
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size for a CW 224. M;Z.USCH 803 is the number of subcarriers
for PUSCH transmission in the current sub-frame for the
transport block expressed as a number of subcarriers.
MFPUSCH-initial g1 js the number of subcarrier for initial
PUSCH transmission for the same transport block,

NPUSCH —initial

symb 811 is the number of Single Carrier-Frequency

Division Multiple Access (SC-FDMA) symbols per subframe
for initial PUSCH transmission for the same transport block
given by NSI;%SbCH_i"itialz(2~( g}fnb—l)—NSRS). Ngps is equal to 1 if
the UE is configured to send PUSCH and SRS in the same
subframe for an initial transmission or if the PUSCH
resource allocation for initial transmission even partially
overlaps with the cell specific SRS subframe and bandwidth
configuration. Otherwise, Nggs is equal to O. The sum of X,
for all the CWs 224 may be used in the denominator.

Equation (11) may be alternatively explained as follows.

A/N 232 and RI 234 may be interleaved on all layers 222.

Accordingly, a By, value 896 may be calculated for each
layer 222. The sum of the B,x, 896 on all layers 222
should be equal to the desired Bz, value.

For example, assuming Q' symbols 809 on each layer

222, the PByp, 896 for each layer 222 may be given as

illustrated in Equation (12).

Kr;
| B
PUSCH _ Q( %JJ

Bofser . = O~ M PUSCH=initial  PUSCH ~initi
< sym
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(12)

In Equation (12), layer /i 222 is mapped to the jt* CW 224,

Kr; 807 is the interleaver size of jth CW 224 for j=0,...C-1,
and L; 898 is the number of layers 898 of the Cth CW 224.

S The total fB,me 896 may be expressed as illustrated in

Equation (13).

PLSCH PUSCH _
oﬁ&et Z 'Boﬁvet i

Kr- ,C—l
o of M7 | oy K

5 O'MPUSCH—initial ‘NPUSCH—initia[ 0- MPUSCH—lmtla/ NPUSCH —initial
sc¢ symb symb

(13)

In Equation (13), L is the total number of layers 222 for
10 transmission, where Lsum=ZL,-. Thus, given the desired

Boser value 896, the desired Q' 809 can be obtained as

illustrated in Equation (14).

PUSCH —initial PUSCH —initial PUSCH
O-Mg ' Nsymb B offset

Q'= c1
Sk,

r=0

(14)
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The UCI (e.g., UCI B 216b) may be mapped to an integer

number of symbols. Thus, the same result is obtained.

PUSCH—initial ; PUSCH —initial —PUSCH
O-Mg, A Bofser PUSCH
,4-Mg,.

C-1
>%,
r=0

That is, Q' = min

In this configuration, B,m., 896 is proportionally distributed

S across layers 222, with lower layer 222 / CW 224 B,g,

values 896 on the layer 222 / CW 224 with higher MCS
settings, for example.

In another configuration, a more conservative

approach (which may guarantee control performance, for

10 example) comprises calculating Q' 809 based on the worst

layer 222 setting. In this configuration, let the expected

PUSCH
B

Bogser 896 on a layer be described as ﬁ:}fl;/‘iCH _offser

layer Lgum

Then, Q! may be determined as illustrated in Equation (195).

AP USCH-initial ,PUSCH-initial  pPUSCH PUSCHinitial »PUSCH-initial ,PUSCH
O MSC‘ Nsymb ﬂoﬁfget layer_ O'MSC Nsymb ’ oﬁfset

- ) T

(135)

15
Ceiling into an integer number of symbols and limited by

the PUSCH resources, Equation (16) may be obtained.
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PUSCH—initial x; PUSCH—initial o PUSCH
O-M N symb B offsen PUSCH
»4-Mg,

! =min
0 —
r]L. 'Lsum
J

(16)

Furthermore, Q' 809 may be determined as illustrated in

Equation (17).

Q' =max(Q})  i=l ..., Ly,
(17)

This configuration may ensure that the Byzy 896 is

maintained even for the worst codeword 224 and layer 222.
On the other hand, it protects the A/N 232 and RI 234 with
higher overhead compared with the configuration illustrated
in Equations (11) - (14).

Figure 9 illustrates various components that may be
utilized in a wireless communication device 902. The
wireless communication device 902 may be utilized as the
wireless communication device 102 or UE 202 illustrated
previously. The wireless communication device 902
includes a processor 913 that controls operation of the
wireless communication device 902. The processor 913 may
also be referred to as a CPU. Memory 931, which may
include both read-only memory (ROM), random access
memory (RAM) or any type of device that may store

information, provides instructions 915a and data 917a to
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the processor 913. A portion of the memory 931 may also
include non-volatile random access memory (NVRAM).
Instructions 915b and data 917b may also reside in the
processor 913. Instructions 915b and/or data 917b loaded
into the processor 913 may also include instructions 915a
and/or data 917a from memory 931 that were loaded for
execution or processing by the processor 913. The
instructions 915b may be executed by the processor 913 to
implement the systems and methods disclosed herein.

The wireless communication device 902 may also
include a housing that contains a transmitter 921 and a
receiver 923 to allow transmission and reception of data.
The transmitter 921 and receiver 923 may be combined into
a transceiver 919. One or more antennas 908a-n are
attached to the housing and electrically coupled to the
transceiver 919.

The various components of the wireless communication
device 902 are coupled together by a bus system 929 which
may include a power bus, a control signal bus, and a status
signal bus, in addition to a data bus. However, for the sake
of clarity, the various buses are illustrated in Figure 9 as
the bus system 929. The wireless communication device
902 may also include a digital signal processor (DSP) 925
for use in processing signals. The wireless communication

device 902 may also include a communications interface
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927 that provides user access to the functions of the
wireless communication device 902. The wireless
communication device 902 illustrated in Figure 9 is a
functional block diagram rather than a listing of specific
components.

Figure 10 illustrates various components that may be
utilized in a base station 1012. The base station 1012 may
be utilized as the base station 112 or eNB 212 illustrated
previously. The base station 1012 may include components
that are similar to the components discussed above in
relation to the wireless communication device 902,
including a processor 1013, memory 1031 that provides
instructions 1015a and data 1017a to the processor 1013,
instructions 1015b and data 1017b that may reside in or be
loaded into the processor 1013, a housing that contains a
transmitter 1021 and a receiver 1023 (which may be
combined into a transceiver 1019), one or more antennas
1010a-n electrically coupled to the transceiver 1019, a bus
system 1029, a DSP 1025 for use in processing signals, a
communications interface 1027, and so forth.

The term “computer-readable medium” or “processor-
readable medium” refers to any available medium that can
be accessed by a computer or a processor. The term
“computer-readable medium,” as used herein, may denote a

computer- and/or processor-readable medium that is non-
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transitory and tangible. By way of example, and not
limitation, a computer-readable or processor-readable
medium may comprise RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be
used to carry or store desired program code in the form of
instructions or data structures and that can be accessed by
a computer or processor. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray® disc where
disks wusually reproduce data magnetically, while discs
reproduce data optically with lasers.

Each of the methods disclosed herein comprises one or
more steps or actions for achieving the described method.
The method steps and/or actions may be interchanged with
one another, combined into a single step or incorporated
into other ancillary aspects of the communication system
without departing from the scope of the claims. In other
words, unless a specific order of steps or actions is required
for proper operation of the method that is being described,
the order and/or use of specific steps and/or actions may
be modified without departing from the scope of the claims.

It is to be understood that the claims are not limited to
the precise configuration and components illustrated above.

Various modifications, changes and variations may be made
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in the arrangement, operation and details of the systems,
methods, and apparatus described herein without departing

from the scope of the claims.
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CLAIMS
1. A wireless communication device configured for
selecting a codeword and determining a symbol length for
uplink control information, comprising:
) a processor;
memory in electronic communication with the
processor;
instructions stored in the memory, the instructions
being executable to:
10 establish communication with a base station;
receive downlink control information from the base
station;
receive base station information;
generate uplink control information based on the base
15 station information;
determine a number of symbols for the uplink control
information for a plurality of layers; and

send the uplink control information.

20 2. The wireless communication device of claim 1,
wherein the number of symbols for the uplink control

information is determined for a plurality of codewords.
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3. The wireless communication device of claim 1,
wherein at least one codeword on the plurality of layers is

aggregated.

4. The wireless communication device of claim 1,
wherein the number of symbols is determined based on a

worst layer.

5. The wireless communication device of claim 1,
wherein the number of symbols is determined based on a

proportional allocation of all layers.

6. The wireless communication device of claim 1,

wherein a plurality of B,z values is used to determine the

number of symbols for the uplink control information.

7. The wireless communication device of claim 6,

wherein the B,z values are the same and derived the same

way as in LTE Release-8 such that the wireless

communication device obtains the S,5, for control

information for Single User-Multiple Input Multiple Output

(SU-MIMO).

8. The wireless communication device of claim 1,

wherein the number of symbols is determined based on an
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equation
(O +R). M PUSCH=initial _; PUSCH-initial . g PUSCH

symb offset | 4 PUSCH 5 PUSCH _ ORI
K, o symb Om

Q' =min

, wherein Q' is the number of symbols, O is a number of
uplink control information bits, R is a number of Cyclic
Redundancy Check (CRC) bits, MS'ZUSCH_"”"”“[ is a number of
subcarriers for an initial uplink channel transmission,

NPUSCH-initial 35 5 number of symbols per subframe for the

sym

initial uplink channel transmission, ﬁ(f;sjeS,CH is a Byme value

for given uplink control information, K, is an interleaver

size for a codeword r, MS};USCH is a number of subcarriers for
: e PUSCH
a current uplink channel transmission, Nsymb is a number

of symbols per subframe for the current uplink channel

transmission, Qg; is a number of coded Rank Indicator (RI)

bits and Q,, is a modulation order.

9. The wireless communication device of claim 1,

wherein the number of symbols is determined based on an

PUSCH ~initial _; PUSCH ~initial  PUSCH
0 My N oymb Bofiset PUSCH
,4-Mg,

Cc-1
Sk,
r=0

equation - - ,

Q' =min

wherein @ is the number of symbols, O is a number of

uplink control information bits, MZUSCH=nitial is 3 number of

subcarriers for an initial uplink channel transmission,

NP USCH —initial

symb is a number of symbols per subframe for the
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initial uplink channel transmission, ﬁg?%]gCH is a Bome value

for given uplink control information, K, is an interleaver

size for a codeword r, C is a number of codewords and
PUSCH

MSC

is a number of subcarriers for a current uplink

channel transmission.

10. The wireless communication device of claim 1,

wherein the number of symbols is determined based on an

PUSCH~—initial »; PUSCH—initial _n PUSCH
0-My N symb B ofer PUSCH
JA4-Mg,

K. .
( r/ij'Lsum

equation ,

Q} =min

wherein Q; is a number of symbols for layer i, O is a

number of uplink control information bits, MEUSCH-mitial j4 4

number of subcarriers for an initial wuplink channel

transmission, N&%%CH_""”’”I is a number of symbols per

subframe for the initial uplink channel transmission,

ﬂé;gf,CH is a Byme value for given uplink control information,
K, ; is an interleaver size of a j'* codeword, L; is a number

of layers of a codeword, L, is a total number of layers and
MSIZUSCH is a number of subcarriers for a current uplink

channel transmission.

11. The wireless communication device of claim 10,
wherein the number of symbols is determined based on an

CquEltion Q,:maX(Q;) i=l.., Lsum.
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12. The wireless communication device of claim 1,
wherein the number of symbols is determined for at least
one Acknowledgement and Negative Acknowledgement

(ACK/NACK) message.

13. The wireless communication device of claim 1,
wherein the number of symbols is determined for at least

one Rank Indicator (RI) message.

14. The wireless communication device of claim 1,
wherein the instructions are further executable to select a
codeword from a plurality of codewords for the uplink

control information.

15. The wireless communication device of claim 14,
wherein selecting a codeword is based on a Modulation and

Coding Scheme (MCS) setting.

16. The wireless communication device of claim 14,
wherein selecting a codeword is based on a Hybrid

Automatic Repeat Request (HARQ) status.
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17. The wireless communication device of claim 14,
wherein the codeword is selected for at least one CQI/PMI

message.

18. The wireless communication device of claim 14,

wherein the codeword is selected statically.

19. A method for selecting a codeword and
determining a symbol length for uplink control information,
comprising:

establishing communication with a base station;

receiving downlink control information from the base
station;

receiving base station information;

generating, on a wireless communication device,
uplink control information based on the base station
information;

determining, on the wireless communication device, a
number of symbols for the uplink control information for a
plurality of layers; and

sending the uplink control information.

20. The method of claim 19, wherein the number of
symbols for the uplink control information is determined for

a plurality of codewords.
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21. The method of claim 19, wherein at least one

codeword on the plurality of layers is aggregated.

22. The method of claim 19, wherein the number of

symbols is determined based on a worst layer.

23. The method of claim 19, wherein the number of
symbols is determined based on a proportional allocation of

all layers.

24. The method of claim 19, wherein a plurality of

Bogser values is used to determine the number of symbols for

the uplink control information.

25. The method of claim 24, wherein the Bz, values

are the same and derived the same way as in LTE Release-8
such that the wireless communication device obtains the

Boser for control information for Single User-Multiple Input

Multiple Output (SU-MIMO).

26. The method of claim 19, wherein the number of

symbols 1s determined based on an equation

PUSCH—initial _; PUSCH—initial pPUSCH
(0+R)-M; N symb Pogser A PUSCH _\PUSCH _ 2RI
> sC

b
K, wmb 0,

Q' =min
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, wherein Q' is the number of symbols, O is a number of
uplink control information bits, R is a number of Cyclic
Redundancy Check (CRC) bits, MSFLUSCH_"”"”"’[ is a number of
subcarriers for an initial uplink channel transmission,

NS,%‘ZCH_i"i’ial is a number of symbols per subframe for the

initial uplink channel transmission, ,Bol;}sngH is a Byge value

for given uplink control information, K, is an interleaver

size for a codeword r, MSIZUSCH is a number of subcarriers for
a current uplink channel transmission, NSI;Z‘ZCH is a number

of symbols per subframe for the current uplink channel

transmission, Qg is a number of coded Rank Indicator (RI)

bits and Q,, is a modulation order.

27. The method of claim 19, wherein the number of

symbols is determined based on an equation

PUSCH —initial ; PUSCH ~initial 4 PUSCH
O Mg, N gymb Bofser PUSCH
,4-Mg,

C-1
Sk,
- r=0 - , Wherein

Q' =min

Q' is the number of symbols, O is a number of uplink

control information bits, MIUSCH-mniial i 3 number of

subcarriers for an initial uplink channel transmission,

Né%ﬁCH-i”i’i“l is a number of symbols per subframe for the

initial uplink channel transmission, ,B(f;jlrsj(iCH is a PB,mpe value

for given uplink control information, K, is an interleaver

size for a codeword r, C is a number of codewords and



10

15

20

WO 2011/158969 PCT/JP2011/064333

-89 -
MSZUSCH is a number of subcarriers for a current uplink

channel transmission.

28. The method of claim 19, wherein the number of

symbols is determined based on an equation

PUSCH~initial ; PUSCH~—initial —p PUSCH
O-Msc N symb B ofer PUSCH
L4-Mg,.

K. .
( r/LjJ'Lsum

Qi is a number of symbols for layer i, O is a number of

Q} =min

, wWherein

Ms]ZUSCH—initlal is a number of

uplink control information bits,

subcarriers for an initial uplink channel transmission,

N PUSCH —initial

symb is a number of symbols per subframe for the

initial uplink channel transmission, ,B%S]f,CH is a Bome value

for given uplink control information, K,; is an interleaver
size of a j!h codeword, L; is a number of layers of a

MSIZUSCH is a

codeword, L, is a total number of layers and

number of subcarriers for a current uplink channel

transmission.

29. The method of claim 28, wherein the number of

symbols is determined based on an equation

Q' =max(Q}) i=1,.., Lsum
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30. The method of claim 19, wherein the number of
symbols is determined for at least one Acknowledgement

and Negative Acknowledgement (ACK/NACK) message.

31. The method of claim 19, wherein the number of
symbols is determined for at least one Rank Indicator (RI)

message.

32. The method of claim 19, wherein the method
further comprises selecting a codeword from a plurality of

codewords for the uplink control information.

33. The method of claim 32, wherein selecting a
codeword is based on a Modulation and Coding Scheme

(MCS) setting.

34. The method of claim 32, wherein selecting a
codeword is based on a Hybrid Automatic Repeat Request

(HARQ) status.

35. The method of claim 32, wherein the codeword is

selected for at least one CQI/PMI message.

36. The method of claim 32, wherein the codeword is

selected statically.
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