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DESCRIPTION

TITLE OF INVENTION: WIRELESS COMMUNICATION DEVICE,
'BASE STATION AND METHOD FOR A TRANSMISSION
DIVERSITY SCHEME ON PHYSICAL UPLINK CONTROL

CHANNEL (PUCCH) WITH ACK/NACK DIFFERENTIATION

TECHNICAL FIELD

The present invention relates generally to wireless
communications and wireless communications-related
technology. More specifically, the present invention relates to
a wireless communication device, base statibn and method for
a transmission diversity scheme on the physical uplink

control channel (PUCCH) with ACK/NACK differentiation.

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
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communicates with mobile stations.

Various signal processing techniques may be used -in

‘wireless . communication systems to improve efficiency and.

quality of wireless ;comrnunication. One such technique may
include using multiple antennas for multiple-input and
multiple-output (MIMO) or transmit diversity (TxD).
Additional gains may be realized within these channels.
Benefits. may be realized by providing gains within these
control channels while maintaining or increasing reliability
and sustaining compatibility with older equipment. Therefore,

benefits may be realized by improved coding techniques.

SUMMARY OF INVENTION

In one embodiment of the present invention a method for
transmitting uplink control information (UCI) using a physical
uplink control channel (PUCCH) transmit diversity scheme is
disclosed. The method comprises: coding UCI with a Forward
Error Correction code to obtain a coded UCI; mapping coded
UCI to quadrature phase shift keying (QPSK) symbols to
obtain a mapped coded UCI; selecting a phase shift pattern;
épplying a phase shift from the phase shift pattern to fhe
mapped coded UCI based on an acknowledge/negative-
acknowledge (ACK/NACK) to obtain a phase shifted mapped
coded UCI; sending the mapped coded UCI using a PUCCH

resource on a first antenna; and sending the phase shifted
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mapped coded UCI using a PUCCH resource on a second

~antenna. -

. In. another. embodiment of the present invention. a
method for receiving uplink control information (UCI) using a
physical uplink control channel (PUCCH) transmit diversity
scheme is disclosed. The method comprises: receiving a first
set of symbols by a first signal receiver for a first PUCCH
transmission; receiving a second set of symbols by a second
signal receiver for a second PUCCH transmission; computing
a differential phase shift between the first set of symbols and
the second set of symbols; estimating a first
acknowledge/negative-acknowledge (ACK/NACK) estimate,
wherein the first ACK/NACK estimate is based on the
differential phase shift; extracting a second ACK/NACK
estimate from one or more reference symbols in the first set of
symbols and the second set of symbols; using joint coding to
combine the first ACK/NACK estimate and the second
ACK/NACK estimate to obtain a third ACK/NACK estimate;
removing a phase shift from the seAcond set of symbols based
on the third ACK/NACK estimate to obtain a third set of
symbols; combining the first set of symbols with the third set
of symbols to obtain a fourth set of symbols; and decoding the
fourth set of symbols to obtain the UCI.

In another embodiment of the present invention a

method for receiving uplink control information (UCI) using a
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physical uplink control channel (PUCCH) transmit diversity .
scheme is disclosed.- The method: comprises: rec.eiving a first
set of symbols .'by.:a_firs>t':"sign-a1 receiver for a first PUCCH
transmission; receiving ' a second set of symbols by a second
signal receiver for a second PUCCH transmission; computing
a differential phase shift between the first set of symbols and
the second set of symbols using symbols with O or = as virtual
reference symbols; estimating a first acknowledge/negative-
acknowlédge (ACK/NACK) estimate based on the differential
phase shift; removing a phase shift from the second s_e’t of
symbols based on the first ACK/NACK estimate to obtain a
third set of symbols; combining the first set of symbols with
the third set of symbols to obtain a fourth set of symbols; and
decoding the fourth set of symbols to ‘obtain a first UCI,
wherein the first UCI comprises a joint decoded ACK/NACK
estimate.

In another embodiment of the present invention a
wireless communication device configured for transmitting
uplink control inforfnation (UCI) using a physical uplink
control channel (PUCCH‘) transmit diversity scheme is
disclosed. The wireless Co.mmunic_ation device comprises: a
Forward Error Corre_ction. (FEC) coder; a quadrature phase
shift keying (QPSK) symbol mapper; a phase shifter, wherein
the phase shifter applies a phase shift from a selected phase

shift pattern based on the ACK/NACK; a first antenna; and a
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second antenna.

In-another embodiment of the present invention a base :
station "config_u'ired for receiving uplink control information-
(UCI) wusing a physical uplink control channel (PUCCH)-

transmit diversity scheme is disclosed. The base station’

~comprises: a first signal receiver for a first PUCCH

transmission, wherein the first signal receiver receives a first
set of symbols; a second signal receiver for a second PUCCH
transmission, wherein the second signal receiver receives a
second set of symbols; a differential phase shift computer,
wherein the differential phase shift computer computes the
differential phase shift between the first set of symbols and
the second set .of symbols using symbols with O or =n as virtual
reference symbols; a phase shift estimation module, wherein
the phase shift estimati.on module estimates a first
acknowledge/negative-acknowledge (ACK/NACK) estimate
based on the differential phase shift; a phase shift removal
module, wherein the phase shift removal module removes a
phase shift fr.om the second set of symbols to obtain a third
set of symbols; a first combiner; wherein the first combiner
combines the first set of symbols and the third set of symbols
to obtain a fourth set of symbols; and a first decoder, wherein
the first decoder decodes the fourth set of symbols to obtain

the UCI.

The foregoing and other objectives, features, and
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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 a wireless
communication system with a wireless communication device
and a base station;

Figure 2 is a block diagram illustrating the transrhission
of a message from a wireless communication device to a base
station via the physical uplink control channel (PUCCH);

Figure 3A is a flow diagram of a method for transmitting
uplink control information (UCI) using a physical uplink
control channel (PUCCH) transmit diversity scheme;

Figure 3B is a flow diagram of a method for generating a
phase shift pattern;

Figure 4 is a block diagram illustrating data flows for
transmitting uplink control information (UCI) using a format
2 PUCCH transmit diversity scheme;

Figure 5 is a flow diagram of a method for transmitting
uplink control information (UCI) using a format 2 PUCCH
transmit diversity scheme;

Figure 6 is av block diagram illustrating data flows for

transmitting uplink control information (UCI) using a format
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2a/2b PUCCH transmit diversity scheme;

- Figure 7.is-a flow. diagram of a method for transmitting
uplink control information (UCI) using a format 2a/2b PUCCH -
transmit diversity scheme;

Figﬁre 8 is a flow diagram illustrating a method for
receiving uplink.control information (UCI) using a PUCCH
transmit diversity scheme;

Figure 9 is a block diagram illustrating data flows for
receiving uplink control information (UCI) using a format 2
PUCCH transmit diversity scheme;

Figure 10 is a flow diagram of a method for receiving

- uplink control information (UCI) using a format 2 PUCCH

transmit diversity scheme;

Figure 11 is a block diagram illustrating data flows for
receiving uplink control information (UCI) using a format
2a/2b PUCCH transmit diversity scheme;

Figure 12A is a flow diagram of a method for receiving
uplink control information (UCI) using a format 2a/2b PUCCH
transmit diversity scheme;

Figure 12B is a flow diagram of a method for enhanced
joint soft ACK/NACK decoding;

Figure 13 illustrates various components that may be
utilized in a wireless communication device; and

Figure 14 illustrates various components that may be

utilized in a base station.
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DESCRIPTION OF EMBODIMENTS

A method for transmitting uplink control information
(UCI) using a physi.cal uplink control channel (PUCCH)
transmit diversity scheme is described. UCI is coded with a
Forward Error Correction code to obtain a coded UCI. The
coded UCI is mapped to quadrature phase shift keying (QPSK)
symbols to obtain a mapped coded UCI. A phase shift pattern
is selected. A phase shift from the phase shift pattern is
applied to the mapped coded UCI based on an
acknowledge /negative-acknowledge (ACK/NACK) to obtain a
phase shifted mapped coded UCI. The mapped coded UCI is
sent using a PUCCH resource on a first antenna. The phase
shifted mapped coded UCI is sent using a PUCCH resource on
a second antenna.

The phase shift may be selected such that a phase
shifted version of the mapped coded UCI will not collide with
other sequences. Selecting a phase shift may include evenly
dividing a number of reference symbols and a number of
ACK/NACK coded symbols to increase a reference reliability.
Selecting a phase shift may include maximizing a sequence
distance. The phase shift pattern may include a bipolar
coding that adds a simplex coding of ACK/NACK bits on the
phase shifted mapped coded UCI. The phase shift pattern
may include an orthogonal design that allows reference

symbol noise to be removed using pair symbol estimation.
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The UCI may include a channel quality indicator (CQI), a

. precoding matrix index (PMI) and ‘the ACK/NACK. The CQI,

"PMI ~and ACK/NACK . may ‘be concatenated to' obtain ' a

concatenated UCI. Coding the ‘UCI with a FEC code may
include joint coding the concatenated UCI wusing a Reed-
Muller code. The UCI may include a channel quality indicator
(CQI) and a precoding matrix index (PMI). The ACK/NACK
may be coded on reference symbols of the PUCCH resource of
the first antenna to obtain a first set of ACK/NACK coded
reference symbols. The first set of ACK/NACK coded
reference syfnbols may be combined with the mapped coded
UCI prior to sending the mapped coded UCI.

The ACK/NACK may be coded on reference symbols of
the PUCCH resource of the second antenna to obtain a second
set of ACK/NACK coded reference symbols. The second set of
ACK/NACK coded reference vsymbols. may be combined with
the phase shifted mapped c;oded UCI prior to sending the
phase shifted mapped coded UCI. The coded UCI may be
twenty bits. The coded UCI may be mapped to ten QPSK

symbols. The method may be performed by a wireless

communication device. The UCI may be transmitted using

PUCCH format 2. The UCI may also be transmitted using
PUCCH format 2a/2b. The wireless communication device
may use a Space Orthogonal Resource Transmit Diversity

(SORTD) scheme when no ACK/NACK is transmitted.
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A method for receiving uplink control information (UCI)
using a ‘physical ‘uplink control channel (PUCCH) ‘transmit.
dive_rsity scheme. is described. A .first set of symbols is.
received" by - a first signal receiver for a first PUCCH
transmission. A second set of symbols is received by a
second signal receiver for a second PUCCH transmission. A
differential phase shift between the first set of symbols and

the second set of symbols is computed. A first

-acknowledge/negative-acknowledge (ACK/NACK) estimate that

is based on the differential phase shift is estimated. A second
ACK/NACK estimate is extracted from one or more reference
symbols in the first set of symbols and the second set of
symbols. A joint coding is used to combine the first
ACK/NACK estimate and the second ACK/NACK estimate to
obtain a third ACK/NACK estimate. A phase shift is removed
from the second set of symbols based on the third ACK/NACK
estimate to obtain a third set of symbols. The first set of
symbols is combined with the third set of svymbols to obtain a
fourth set of symbols. The fourth set of symbols is decoded to
obtain the UCI.

Symbols with O or m may be used as virtual reference
symbols. Abmaximum likelihood sequence may be determined
using convex .optimization. The method rﬁay be performed by
a base station configured to operate using a single or multiple

antennas. Decoding may be performed using a Reed-Muller
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decoder if the UCI was encoded using a Reed-Muller coder.

‘The UCI may be sent using PUCCH format 2a/2b. The base.

station may use a. Space Orthogonal Resource. Transmit

Diversity (SORTD) scheme when no ACK/NA'CK 1s transmitted. -
A method for receiving uplink control information (UCI)
using a physical uplink control channel (PUCCH) transmit
diversity scheme is also described. A first set of symbols is
received by a first signal receiver for a first PUCCH
transmission. A second set of symbols is received by a
second signal receiver for a second PUCCH transmission. A
differential phase shift between the first set of symbols and
the second set of symbols is computed using symbols with O
or T as virtual reference symbols. A first
acknowledge/negative-acknowledge (ACK/NACK) estimate is
estimated based on the differential phase shift. A phase shift
is removed from the second set of symbols based on the first
ACK/NACK estimate to obtain a third set of symbols. The
first set of symbols is combined with the third set of symbols
to obtain a fourth set of symbols. The fourth set of symbols
is decoded to obtain a first UCI that includes a joint decoded
ACK/NACK estimate.
- A maximum likelihood sequence may be determined
using convex optimization. Whether the first ACK/NACK
estimate and the joint decoded ACK/NACK estimate differ by

less than a threshold may also be determined. The joint



10

15

20

WO 2011/099591 PCT/JP2011/052968

12 -
decoded ACK/NACK estimate may be selected as the

ACK/NACK if the firstt ACK/NACK estimate and the joint

‘decoded ACK/NACK estimate differ by less than a threshold.-

‘Whether the first ACK/NACK estimate and the joint decoded

ACK/NACK estimate differ by less than a threshold may also
be determined. The first set of symbols may be decoded to
obtain a second ACK/NACK estimate if the first ACK/NACK
estimate and the joint decoded ACK/NACK estimate differ by

more than a threshold.

The first ACK/NACK estimate and the second ACK/NACK

~ estimate may be combined using joint coding to obtain a third

ACK/NACK estimate. A phase shift may be removed from the
second set of symbols based on the third ACK/NACK estimate
to obtain a fifth set of symbols. The fifth set of symbols may
be combined with the first set of symbols to obtain a sixth set
of symbols. The sixth set of symbols may be decoded to
obtain a second UCI that includes a joint decoded fourth
ACK/NACK estimate.

Whether the third ACK/NACK estimate and the joint
decoded fourth ACK/NACK estimate differ by leés than a
threshold may be determined. The joint decoded ACK/NACK
estimate may be selected as the ACK/NACK if the third
ACK/NACK estimate and the joint decoded fourth ACK/NACK -
estimate differ by less than a threshold. A fifth ACK/NACK

estimate based on the first ACK/NACK estimate may be
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determined if the third ACK/NACK estimate and the joint
decoded fourth . ACK/NACK estimate differ by more ‘than a.
threshold. ‘A phase shift may be removed from the second set
of:symbols based on the fifth-ACK/NACK estimate to obtain a

seventh set of symbols. The seventh set of symbols may be

~combined with the first set of symbols to obtain an eighth set

of symbols. The eighth set of symbols may be decoded to
obtain a third UCI that includes a joint decoded sixth
ACK/NACK estimate.

Whether the fifth ACK/NACK estimate and the joint
decoded sixth ACK/NACK estimate differ by less than a
threshold may be determined. The joint decoded sixth
ACK/NACK estimate may be selected as the ACK/NACK if the
fifth ACK/NACK estimate and the joint decoded sixth
ACK/NACK estimate differ by less than a threshold. The
ACK/NACK may be determined based on the number of bits in
the third UCI if the fifth ACK/NACK estimate and the joint
decoded sixth ACK/NACK estimate differ by more than a
threshold. The method may be performed by a base station
configured to operate using a single or multiple antennas.
Decoding may be performed using a Reed-Muller decoder if

the UCI was encoded using a Reed-Muller coder. The UCI

. may have been sent using PUCCH format 2. The base station

may use a Space Orthogonal Resource Transmit Diversity

(SORTD) scheme when no ACK/NACK is transmitted.
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A~ wireless communication device configured for
transmitting uplink control information (UCI) using a physical.
uplink control channel '(PUCCH):-trans—m‘itbdi‘versity scheme is
described. The wireless communication device includes a
Forward Error Correction (FEC) coder, a quadrature phase.
shift keying (QPSK) symbol mapper, a phase shifter that
applies a phase shift from a selected phase shift pattern
based on the ACK/NACK, a first antenna, and a second -
antenna.

The FEC coder may be a Reed-Muller encoder that joint
codes a channel quality indicator (CQI)/precoding matrix
index (PMI) and an acknowledge/negative-acknowledge.
(ACK/NACK). The wireless communication device may also
include a first ACK/NACK reference symbol coder and a
second ACK/NACK reference symbol coder. An ACK/NACK
reference symbol coder may code an ACK/NACK onto one or
more reference symbols of a slot. The wireless
communication device may be configured to operate using
singl.e or multiple antennas. The UCI may be transmitted
using PUCCH format 2. The UCI may be transmitted using
PUCCH format 2a/2b.

A base station configured for receiving uplink control
information (UCI) using a physical uplink control channel
(PUCCH) transmit diyersity scheme is described. The base

station includes a first signal receiver for a first PUCCH
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transmission that receives a first set of symbols, a second
signal receiver-for'a second PUCCH. transmissioﬁ that receives
a second set-of symbols, a differential phase shift computer:
that computes. the differential phase shift between the first
set of symbols and the second set of symbols using symbols

with O or = as virtual reference symbols, and a phase shift

. estimation module that estimates a first

acknowledge/negative-acknowledge (ACK/NACK) estimate
based on the differential phase shift. The base station also
includes a phase shift removal module that removes a phase
shift from the second set of symbols to obtain a third set of
symbols, a first combiner that combines the first set of
symbols and the third set of symbols to obtain a fourth set of
symbols, and a first decoder that decodes the fourth set of
symbols to obtain the UCI.

The base station may also include an ACK/NACK
extraction module that extracts a second ACK/NACK estimate
from one or more reference symbols of the first set of symbols
and the second set of symbols. The base station may further
include a second combiner that combines the first ACK/NACK
estimate and the second ACK/NACK estimate to obtain a third
ACK/NACK estimate. The second combiner may use joint
coding. The phase shift removed from the second set of
symbols may be based on the third ACK/NACK estimate.

The base station may also include second decoder that
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decodes a second ACK/NACK estimate from the first set of
symbols.. The base station may further include a second
combiner that combines the first ACK/NACK estimate and the
second: ACK/NACK ' estimate to obtain a third ACK/NACK
estimate. The UCI output by the first decoder may include a
channel quality indicator (CQI), a precoding matrix index
(PMI) and a fourth ACK/NACK estimate. The base stdtion may
also include a validation module that determines the validity
of the fourth ACK/NACK estimate.

Figure 1 is a block diagram illustrating a wireless
communication system 100 with a wireless communication
device 104 and a base station 102. A base station 102 may
be in wireless communication with one or more wireless
communication devices 104. A base station 102 may be
referred to as an access point, a Node B, an eNodeB, or some
other terminology. Likewise, a wireless communication device
104 may be referred to as a mobile station, a subscriber
station, an access terminal, a remote station, a user terminal,
a terminal, a handset, a subscriber unit, user equipment, or
some other terminology. The wireless communication device

may transmit data to the base station over a radio frequency

(RF) communication channel.

A wireless communication device 104 may communicate
with zero, one or multiple base stations 102 on the downlink

and/or uplink 112 at any given moment. The downlink refers
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to the communication link from a base station 102 to a

wireless communication device'104.-. The uplink 112 refers to

the communication link from a wireless communication device -
104 to a base station 102. -

Communication between. -a wireless communication
device 104 and a base station 102 may be accomplished using
transmissions over a wireless link including an uplink 112
and a downlink. The communication link may be established
using a single-input and single-output (SISO), multiple-input
and single-output (MISO) or a multiple-input and multiple-
output (MIMO) system. A MIMO system may include both a
transmitter and a receiver equippéd with multiple transmit
and receive antennas. A MIMO system may provide improved
performance if the additional dimensionalities created by the
multiple transmit and receive antennas are utilfzed.

The use of multiple antennas 110a-b on the wireless
communication device 104 may allow transmit diversity on
the uplink 112. In transmit diversity, signals originating
from the two or more independent sources that have been
modulated with identical information-bearing signals may be
used. Transmit diversity may help overcome the effects of
fading, outages, and circuit failures. -

In 3rd Generation Partnership Project (3GPP) Long Term

| Evolution (LTE) - Advanced, additional control feedback will

have to be sent on control channels to accommodate MIMO
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and carrier aggregation (CA). Carrier aggregation' refers to
transmitting data” .on- multiple: ‘sub-bands which are :
contiguously: located.: -~ Both the ‘acknowledge/negative=.
acknowle‘_dge (ACK/NACK) bits and other control information:
may be transmitted using the PUCCH. A transmit diversity
format. for the PUCCH may significantly enhance .the
ACK/NACK performance while maintaining the diversity gain
on dther uplink control information (UCI). The other UCI may
include the channel quality indicator (CQI) and the precoding
matrix index (PMI). In other words, by using a transmit
diversity format for the PUCCH, thé reliability of the
transmission of the ACK/NACK bits on the uplink may be

improved while maintaining the reliability of the transmission

- of other control information on the uplink.

In current LTE release-8 specifications, only one
antenna is used. With LTE-Advanced, a wireless
communication device 104 may have multiple antennas 110.
Typically, a wireless communication device 104 may use two
or four antennas 110, although other quantities of antennas
110 may be used. Transmit diversity schemes with multiple
antennas 110 are being considered and are in the discussion
phase.

Transmit diversity methods are studied separatelyA for
PUCCH and PUSCH. In the recent 3GPP meetings, it was

agreed that for PUCCH, uplink single antenna port mode
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should be supported even with multiple antennas 110. It was

also “agreed. that  spatial orthogonal. .resource : transmit.

~diversity: (SORTD) may be applied. for a multiple resource

PUCCH. The PUCCH may  use  one of six formats for
transmission: format 1/1a/1b or forrriat 2/2a/2b. For format
1/1a/1b, it was agreed that the same modulated symbols are
transmitted on different orthogonal resources for different
antennas 110. The PUCCH formats 2/2a/2b were left for
future study. With SORTD, separate orthogonal resources
may be allocated for the PUCCH. The structure of the PUCCH
of each resource should be the same as release 8 to ensure
backward compatibility. The PUCCH transmit diversity
scheme may introduce another level of protection for
ACK/NACK bits when transmit diversity is used.

Solutions for using the formats 2/2a/2b include simple
repetition and joint coding. In simple repetition, a wireless
communication device 104 may transmit the same modulated
symbols on different ofthogonal resources for different
antennas 110. Simple repetition has backward compatibility
and is cohsistent with formats 1/1a/1b. In joint coding, a
longer sequence of codewords is used and part of the
codeword is transmitted on each antenna 110. Joint coding
achieves a coding gain but no diversity gain. Moreover, joint
coding loses the backward compatibility of single antenna

transmission. Joint coding is also vulnerable to antenna gain
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imbalance (AGI). Similarly, the space code blocking coding
and multiple ‘sequenée coding/modulation approaches break -
the backward compatibility for: release-8 payload sizes.

Existing transmit diversity proposals assume the same
coding method for. all uplink channel information (UCI)
including ACK/NACK, channel quality indicator ‘(CQI) and
precoding matrix index (PMI). However, ACK/NACK requires a
higher error protection than other information bits (such as
CQl and PMI) during system operation. By wusing a
combination of simple repetition and joint coding, the
backward compatibility may be retained while introducing an
enhancement on the more important meséages such as
ACK/NACK. For simplicity, all “more important messages”
are denoted as “ACK/NACK” herein, with the understanding
that ACK/NACK refers to any element from a set‘ of all “more
important messages” and not merely ACK/NACK.

The target PUCCH performance qualities are given in

Table 1 below according to 3GPP TS 36.300.

Event Target Quality
ACK miss detection i
(10-2)
(for DL-SCH)
DTX to ACK error 5 1
(for DL-SCH) (10-2 - 107)
NACK to ACK error 4 3
(for DL-SCH) (10 10-%)
CQI block error rate FFS (10-2 - 10-1)
~ Table 1
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As shown in Table 1, the ACK/NACK in general requires

a-higher reliability than the CQI. :This is because the CQIl is

‘concerned - with: the block error rate and the ACK/NACK is

-conicerned with. the bit error rate. The NACK to ACK error

should have better protection than the ACK to NACK miss:
detection.

The existing PUCCH formats cannot fully satisfy these
requirements. Because ACK/NACK bits are treated equally,
the NACK to ACK and ACK to NACK performances are also the
same. Furthermore, with the existing schemes, the
ACK/NACK performance is not sufficient. The use of carrier
aggregation (CA) in LTE-A may require ACK/NACK bundling in
PUCCH feedback. Thus, improvements in ACK/NACK
performance may be desirable.

The current Release 8 PUCCH formats may not provide
enough protection on the ACK/NACK. The existing PUCCH

formats may be especially unable to achieve the NACK to ACK

‘error probability. In PUCCH transmit diversity design, the

unequal error protection for different types of control
feedback may be considered. It is desirable to find new
formats that can further differentiate the performance of
ACK/NACK from other control bits,. such as the CQI and the
PMI.

In format 2, the ACK/NACK and the CQI/PMI are jointly

coded. Thus, the ACK/NACK and the CQI/PMI have the same
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bit error rate (BER) performance. As the number of control
bits increases, the ACK/NACK and CQI/PMI performance may.
degrade. Thus, thee ACK/NACK may not get enough protection
compared to the CQI/PMI. Also, the ACK/NACK performance
degrades with the increase of CQI/PMI bits.

With normal cyclic prefix (CP) in format 2a and 2b, the
ACK/NACK bits are transmitted on the four reference symbbls
with differential binary phase-shift keying (BPSK) and
differential quadrature phase-shift keying (QPSK) respectively,
i.e. the ACK/NACK bits are coded on the second reference
symbol by a differential phase shift over the first reference
symbol. Thus, the ACK/NACK is independent of other control
bits with a simple 2x (two times) differential coding repetition
redundancy. The CQI/PMI bits are coded independently to
twenty bits. Thus, the CQI/PMI may have a Reed-Muller (RM)
code gain with a coding rate between 1/5 and 11/20.
Differential coding may have worse performance when
compared with non-differential coding, e.g. QPSK performance
is ~3 dB worse than normal QPSK. Therefore, with format
2a/2b, the ACK/NACK performance may be worse than the
CQI when the payload size is small.

The wireless communication de‘vice 104 may send uplink
112 transmissions using either two antennas 110 or four
antennas 110. When four antennas 110 are used by the

wireless communication device 104, the four antennas 110
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may be formed into two virtual antennas. Then, the same
scheme used by .two antennas 110 may be used by the two
virtual antennas. - The "base station 102 may receive the-
uplink 112 -transmissions using multiple antennas, e:g. two
antennas 114a-b, four antennas or eight antennas.

The wireless communication device 104 may include an
uplink transmit (Tx) diversity transmission module 108. The
uplink transmit (Tx) diversity transmission module 108 may
facilitate the transmission of uplink control information (UCI)
from the wireless communication device 104 on the uplink
112 using multiple antennas 110. For example, the uplink
transmit (Tx) diversity transmission module 108 may select
the format of the uplink 112 transmissions and apply format
specific coding/mapping. The base station 102 may include
an uplink transmit (Tx) diversity receiving module 106. The
uplink transmit (Tx) diversity receiving module 106 may.
facilitate the receiving of UCI on the uplink 112 using
multiple antennas 114. For example, the uplink transmit (Tx)
diversity receiving module 106 may determine the format of a
received UCI on the uplink 112 and apply techniques to
improve performance of the uplink 112 transmission.

By differentiating the ACK/NACK from other control
information, the bit error rate of ACK/NACK bits may be
reduced. Thus, packet loss due to miss detection of NACK to

ACK may be prevented. Furthermore, unnecessary
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retransmission from miss detection of ACK to NACK may be

reduced. . The full _divers'ity gain  of repetition on different-

"antennas ‘with "SORTD may be maintained with negligible

impact from ACK/NACK residue. -

Figure 2 is a block diagram illustrating the transmission
of a message 218. from a wireless communication device 204
to a base station 202 via the physical uplink control channel
(PUCCH) 216. The wireless communication device 204 of
Figure 2 may be one configuration of the wireless
communication device 104 of Figure 1. Likewise, the base
station 202 of Figure 2 may be one configuration of the base
station 102 of Figure 1. The wireless communication device
204 may transmit the message 218 via the physicél uplink
control channel (PUCCH) 216 to the base station 202.

The message 218 may include uplink control information
(UCI) 222. The UCI 222 may include a channel quality
indicator (CQI) 224a and/or a precoding matrix index (PMI)
224b. The message 218 may also include ACK/NACK 228
informatioh. The message 218 may further include a format
220 for which the message was transmitted. For example, the
message 218 may be transmitted using format 1/la/lb or
format 2/2a/2b.

In Release 8, the formats 220 and coding for the PUCCH

216 are defined as illustrated in Table 2.
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PUCCH | Modulation N‘;;“:S;figrzlés 'CQI/PMI | ACK/"
format scheme pet My, ’ etc. NACK
1 N/A N/A N/A 1
la BPSK . 1 "~ N/A 1
lb QPSK 2 N/A 2
2 QPSK 20 4-11 0-2
2a QPSK+BPSK 21 4-11 1
2b QPSK+QPSK 22 4-11 2
Table 2

Release 8 supports only single antenna transfnission on
the uplink. For format 1, information is carried by the
presence/absence of the transmissiobn of the PUCCH 216 fr’orn
the wireless‘co‘mmunication device 204. For format la and 1b,
one or two explicit bits are transmitted with binary phase-
shift keying (BPSK) and quadrature phase-shift kveying (QPSK)
modulation respectively.

For format 2, the uplink control information (UCI) 222
such as the channel quality indicator (CQI) 224a and the
precoding matrix index (PMI) 224b along with the ACK/NACK -
228 may be concatenated and joint coded with a Forward
Error Correction (FEC) code such as a Reed-Muller (RM) (20,
O) code to twenty bits. With extended cyclic prefix (CP), only
format 2 may be used. Formats 2a and 2b are the default
formats for normal CP. With format 2a/2b, t_he UCI 222 may
be coded with an RM code to twenty bits and transmitted on
PUCCH 216 symbols while the ACK/NACK 228 bits may be

coded and transmitted on the PUCCH 216 reference symbols



10

15

20

25

WO 2011/099591 PCT/JP2011/052968

- 26 -
(RS).
A PUCCH resource is allocated ‘Witl'rlin a subframe,_wh'i‘c-h |
consists of two: sloté. With 'normél' CP, each slot has-;s‘ev_‘en
symbblsi Two of the symbols are used as reference sy‘mbdls-

and five are ﬁsed for the PUCCH 216 message. Thus, with

.normal CP, the PUCCH 216 has ten message carrying symbols

and four reference symbols.  With format 2a/2b, four
reference symbols may be used for the ACK/NACK 228 and
the other ten symbols may be used for the other UCI 222.
The ACK/NACK 228 may be coded with a differential phase-
shift coded on the second reference symbol with the first
reference symbol as a phase reference.

With extended CP, each slot has six symbols. One of the
symbols may be used as a reference symbol and the five other
symbols may be used for the PUCCH 216 message. Thus, the
PUCCH 216 has ten message carrying symbols and. two
reference symbols. Because there is only one reference
symbol in each slot, ACK/NACK coding is not possible with
extended CP. Therefore, with format 2, the ACK/NACK 228
may be joint coded with the other UCI 222 (such as the CQI
224a ana the PMI 224b) and transmitted in the ten message
carrying symbols. The block of complex-valued symbols z(i)
may be multip.lied with the amplitude scaling factor Bpyccy in
ordef to conform  to the transmit power. Thé block of

complex-valued symbols may thén be mapped in sequence
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starting with z(0) to the resource elements.

A wireless communication ' device: 204 with  multiple .

transmit antennas. 110 may be required to behave as wireless

communication devices with a single antenna port from a base
station’s 202 perspective in Uplink Single Antenna Port Mode.
The PUCCH 216, PUSCH or SRS transmission may be
configured to enter Uplink Single Antenna Port Mode.
Alternatively, the wireless communication device 204 may
enter the Uplink 'Single Antenna Port Mode without
instruction from the base station 202 in some scenarios.
SORTD may be the baseline for a PUCCH 216 transmit
diversity scheme. | Multiple resources may be allocated for
each antenna 110 when there are two transmit antennas 110.
The virtual antenna concept may be used for scenarios where
there are four transmit antennas 110. Backward
compatibility is important in PUCCH 216 transmit diversity
design. The two options Wit.h SORTD are simple repetition
and- joint coding. In simple repetition, the same coded
information may be transmitted on the second antenna 110b
as on the first antenna 110a. Simple repetition has diversity
gain but no coding gain (or it could be viewed as repetition
coding gain). In joint coding, a higher redundancy code may
be used, and half of the codeword may be transmitted on each
channel. Joint coding has coding gain but no diversity gain.

Joint coding supports a larger payload but has no backward
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compatibility. The splitting of a codeword makes joint coding
vulnerable to ‘AGI.

Figure 3A . is a flow ‘diagram -of a method 300 for
transmitting uplink: control information (UCI) 222 using a
physical uplink control channél (PUCCH) 216 transmit
diversity scheme. The method 300 may be performed by a
wireless communication device 104. The method 300 of
Figure 3A may apply to a PUCCH message 218 using format 2,
format 2a or format 2b. In one configuration, the wireless
communication device 104 may be a UE. The UCI 222 may be
part of a PUCCH message 218. In one configuration, the UCI

222 may include a CQI 224a, a PMI 224b and an ACK/NACK

'228. The wireless communication device 104 may code 302 a

UCI 222 with a Forward Error Correction (FEC) code such as
a Reed-Muller code to twenty Dbits. The wireless
communication device 104 may then map 304 the coded UCI
222 to ten QPSK symbols. Alternatively, the wireless
communication device 104 may map 304 the coded UCI 222 to
a different number of QPSK symbols.

The wireless communication device 104 may apply 306 a
phase shift to the mapped coded UCI 224a based on an
ACK/NACK 228. The phase shift applied may depend on the
format 220 of .the. PUCCH message 218. A method of
generating phase shifts and examples of phase shift patterns

are discussed below in relation to Figure 3B.
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The wireless communication device 104 may then send

- 308 the mapped coded UCI 224a and reference symbols using-
--a PUCCH" resource on a first antenna 110a. The wireless-.

~communication device 104 may . send 310 the phase shifted

mapped coded UCI 222 and reference symbols using a PUCCH
resource on a second antenna 110b. - The wireless
communication device 104 may send 310 the phase shifted
mapped coded UCI 222 and reference symbols using the
PUCCH resource on the second antenna 110b while
concurrently sending 308 the mapped coded UCI 222 and
reference symbols using the PUCCH resource on the first
antenna 110a. The ACK/NACK may be coded on the reference
symbols in the same manner as in release - 8 and no phase
shift coding is applied on the reference symbols between the
two PUCCH transmissions.

Figure 3B is a flow diagram of a method 340 for
generating a phase shift pattern. The method .340 may be
performed by a wireless dev.ice such as a base station 102 or
a wireless communication device 104. In one configuration,
the method 340 may be performed prior to setting up a
wireless communication system 100. For example, a phase
shift pattern may be generated and agreed upon between the
base station 102 and the wireless communication device 104
during network configuration.

The joint coded control bits on the first antenna 110a
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are the same as those used in LTE Release 8. Table 3 shows

an example of phase shifts applied to the mapped coded .UCI

222 for format 2 PUCCH messages 218 with transmit diversity..

, Joint coded control Phase shift
PUCCH | ACK/NACK | (i (cOl + A/N) on | on 2nd
format bits
1st antenna antenna
0 Same as Release - 8 0
1 Same as Release - 8 T
00 Same as Release - 8 0
2 01 Same as Release - 8 -n/2
10 Same as Release - 8 n/2
11 Same as Release - 8 T

An example of phase shifts applied to

Table 3

the mapped coded

UCI 222 for format 2a/2b PUCCH messages 218 with transmit

diversity is shown in Table 4.

PUCCH ACK/NACK bits Coded control bits Phase shift
¢ on reference (CQI/PMI) on 1st on 2nd
ormat
symbols antenna antenna
2a 0 Same as Release - 8 0
1 Same as Release - 8 T
00 Same as Release - 8 0
ob 01 Same as Release - 8 -n/2
10 Same as Release - 8 n/2
11 Same as Release - 8 T
Table 4
No phase shift coding is applied on the reference

symbols between the two PUCCH transmissions.

The received

symbols may be detected with channel compensation from the

demodulation reference symbol.

With the pattern sets in

Table 3 and Table 4, since all symbols in a slot are shifted
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with the same phase shift, a phase shifted symbol sequence
may be treated as another sequence, and is thus vulnerable to-
reference missed detection. A missed detection of a reference .
symbol will cause a missed detection of the symbol sequence-
of the whole slot, thus error pfopagation occurs.

To avoid fhis, phase shift pattern design guidelines may
be used. The use of modified phase shift patterns may
maximize code distance, increase reference .reliability and
reduce symbol error propagation. The extra ACK/NACK 228
information may be differentially coded on the symbols. Since
there is no phase shift on the reference symbols between the
two PUCCH transmissions, for the differential coded
information between the two antenna transmissions, the
second reference symbol may be used as a virtual reference
symbol for differential decoding. The same rule applies if
another symbol is designed to have no phase shift. An
increase in the number of reference symbols and virtual
reference symbols may provide a better reference estimation
and thus better information detection accuracy.

A good pattern may evenly divide 342 the number of

virtual reference symbols and ACK/NACK 228 coded symbols

to increase the reference reliability. Thus, all symbols may be

considered in the decoding process. The extra symbol(s) may

be designed with a 0 or n phase shift to be used as virtual

reference symbols.
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A good pattern set may select 344 sequences such that a

- phase shifted version of one sequence will not collide with.-

- other sequences-(i.e., if'a sequence is phase shifted by =n/2, =,

or -n/2, it is not the same as all' other sequences in the:
péttern set). A goodr pattern set selection may, aim to
maximize 346 the sequence distance. The sequence distance
defines a metric of the difference among all sequences. The
sequence distance may be defined as the minimum number of
different phase shift bits. The sequence distance may also be
defined as the minimum sum of the mean squared distance of
all bits. Other definitions of the sequence may be used.

Any phase shift pattern that matches the criteria in
steps 342 - 346 may be a good design. As a direct

improvement over the patterns in Table 3 and Table 4, Table 5

'shows an example of phase shifts applied to the mapped

coded UCI 222 for format 2 PUCCH messages 218 With
transmit diversity. Again, the joint coded control bits on the
first antenna 110a are the same as those used in LTE Release
8. No phase shift‘ coding is applied on the reference symbols

between the two PUCCH transmissions.
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o ACK/NACK | . Coded -
~ bits on control bits o
PUCCH reference | (CQI/PMI) | Phase shift on 2ond gntenna
format - i ‘
symbols on 1st
b(20),...,6(My; =1) -antenna
Same as
0 Release - 8 ~000000000O00O
1 Rgir::ea-ss nrOnnanannrnO0On=x
00 Same as 0000000000
5/2a/9b Release - 8
/2a/ 01 Same as -n/2 -n/2 0 -n/2 -w/2 -w/2
Release - 8 -n/2 0 -n/2 -n/2
10 Same as. | n/2 /20 x/2 /2 /2 wn/2
Release - 8 On/2 n/2
11 RSﬁar;lseea-SS nrnOnrnnnOnn
Table 5

Table 5 differs from Table 3 and Table 4 in that no phase

shift is applied on symbol number 3 and symbol number 8 of
the coded control sequence in Table 5. Thus, éymbol number
3 and symbol number 8 may be used as virtual reference
symbdls together with other reference symbols, which may
provide better reference reliability.

Any phase shifted version of one sequence is not the

Although the sequence

same as any other sequences.

distance on the pattern set illustrated in Table 5 is not
optimal, it is a simple approach. Table 5 provides a method
to add format la/lb ACK/NACK 228 coding over format
2/2a/2b control coding on the second antenna 110b, so that

the ACK/NACK 228 performance can be increased.



10

15

20

25

WO 2011/099591 PCT/JP2011/052968

-34 -

Another example of phase shift sequences that may be

- used for -For’r‘r’;af 2/2a/2b is shown in Table 6. The pat‘tfern‘t.

“used in Table "6.’i?s;.a bipolar coding that adds a sifnplex-coding :

of ACK./N’ACK7~228 bits on the second antenna - 110b-
transmiss‘ion..' This pattern has better distance properties
than the phase shift pattern of Table 5 and thus will achieve
better performance. Furthermore, a bipolar phase shift may
be regarded as differential binary phase shift keying (DBPSK)
modulation, which provides Dbetter performance than

differential quadrature phase shift keying (DQPSK).

ACK/NACK Coded
bits on control bits . d
PUCCH reference (CQI/PMI) Phase shift on 2=n
format antenna
symbols on 1st
5(20),...,b(My; —1) antenna
0 Same as 0000000000
Release - 8
Same as
1 Release - 8 nnOﬂnnnOnn
00 Same as | 5500000000
Release - 8
2/2a/2b Same as
01 Onr0OnO0OnanO0Omn
Release - 8
Same as
. 10 Release - 8 nO0OnnO0nO0OnrnO
Same as :
11 Release - 8 annnnnOTcn
Table 6

Yet another example of phase shift sequences that may
be used for Format 2/2a/2b is shown in Table 7. The phase
shift pattern used in Table 7 employs an orthogonal design so

that the reference symbol noise can be removed by pair
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symbol estimation. With Format 2a/2b, together with the

reference symbols, the pattern used in Table 7 -b-é,co'me,s a -

-“cyclic ~ phase  shift pattern ~sequence. - Therefore;, the .

demodulation phase shift error will not cause extra noise in.
the detection, and optimization may be used on this pattern

by varying the phase estimation.

ACK/NACK
bit/s on Coded‘
PUCCH reference control bits Phase shift on 2nd
format (CQI/PMI) on antenna
symbols 1st ¢ v
b(20),...,b(My; —1) antenna
Same as
0 Release - 8 00000000O00O0
Same as
1 Release - 8 nrOnrarnO0nnx
Same as
2/2a/2 00 Release - 8 00000000O00O0
b 01 Same as -n/2 w2 n-7/2 /2 -7n/2
Release - 8 n/2 7 -n/2 n/2
10 Same as n/2 -n/2 /2 -n/2 /2 -
Release - 8 n/2nn/2 -n/2
Same as
11 Release - 8 nnOnnnnIOnn
Table 7

Figure 4 is a block diagram illustrating data flows for
transmitting uplink control information (UCI) 218 using a
format 2 PUCCH transmit diversity scheme. A wireless
communication device 404 may include an uplink transmit
(Tx) diversity transmission module 408. The uplink transmit
(Tx). diversity transmission module 408 may include uplink
control information (UCI) to be transmitted to a base station

102 via the PUCCH 216. For example, the uplink transmit




10

15

20

25

WO 2011/099591 PCT/JP2011/052968

- 36 -
(Tx) diversity transmission module 408 may include a

CQI/PMI 424 and an ACK/NACK 428. A Forward Error .

. .Correction (FEC) coder such as a.Reed-Muller (20, O) joint

coder 430 may code a concatenation of the CQI/PMI 424 and -
the ACK/NACK 428 to twenty bits. The coder 430 may output
a joint coded concatenated UCI 421. The joint coded
concatenated UCI 421 may then be mapped to ten QPSK
symbols by a mapper 432. The mapper 432 may output a
mapped joint coded concatenated UCI 423.

A phase shifter 434 may apply a phase shift to the
mapped joint-coded conéatenated UCI 423. The phase shift
may be based on the ACK/NACK 428 input. Different phase
shift patterns may be used, potentially increasing the
ACK/NACK 428 payload. Examples of phase shift patterns
were illustrated above in relation to Tables The phase shifter
434 may then output a phase shifted mapped joint-coded
concatenated UCI 436 mapped to ten QPSKY symbols. A
PUCCH resource on a first antenna 410a of the wireless
communication device 404 may transmit the mapped joint-
coded concatenated UCI 423.» A PUCCH resource on a second
antenna 410b of the wireless communication device 404 may
transmit the phase shifted mapped joint-coded concatenated
UCI 436.

Figure 5 is a flow diagram .of a ‘method 500 for

transmitting uplink control information (UCI) using a format
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2 PUCCH transmit diversity scheme. The method 500 may be

performed by  a wireless communication device 404. - The:

. wireless’ communication 404 device may concatenate 502

uplink' control information (UCI). . The UCI may include-a
channel quality indicator (CQI), a precoding matrix index
(PMI), and an ACK/NACK 428. The wireless communication
device 104 may then joint code 504 the concatenated UCI with
a Forward Error Correction (FEC) code such as a Reed-Muller
(RM) code fo twenty bits to obtain a joint-coded concatenated
UCI 421. The wireless communication device 404 may then
map 506 the joint-coded concatenated UCI 421 to ten QPSKV
symbols.

The wireless communication device 404 may apply 508 a
phase shift to the mapped joint-coded concatenated UCI 423
based on the ACK/NACK 428. The mapped joint-coded
concatenated UCI 423 and PUCCH reference symbols may be
sent 510 using a PUCCH resource on a first aritenna 410a of
the wireless communication device 404. The phase shifted
mapped joint-coded concatenated UCI 436 and PUCCH
reference symbols may be sent 512 using a PUCCH resource
on a second antenna 410b of the wii*elesé communication
device 404. .~ The phase shifted mapped joint-coded
concatenated UCI 436 and the associated PUCCH reference
symbols may be. sent 512 at the same time as the mapped

joint-coded concatenated UCI 423 and the associated PUCCH
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reference symbols.
Figure 6.is a block diagram“illustrating data 'flows»‘for-

transmitting uplink control information (UCI) using a format .

2a/2b PUCCH . transmit diversity: scheme. A wireless .

communication device 604 may include an uplink transmit
(Tx) diversity transmission module 608. The uplink transmit
(Tx) diversity transmission module 608 of Figure 6 may be one
configuration of the uplink transmit (Tx) diversity
transmission module 108 of Figure 1. The uplink transmit
(Tx) diversity transmission module 608 may include uplink
control information (UCI). The uplink control information
(UCI) may include a channel quality indicator (CQI)/precoding
matrix index (PMI) 624 and an ACK/NACK 628.

An encoder 638 may receive the CQI/PMI 624. In one
configuration, the encoder 638 may be a Forward Error
Correction (FEC) coder such as a Reed-Muller (20, O) coder.
The encoder 638 may output a éoded CQI/PMI 652. The
coded CQI/PMI 652 may then be input into a quadrature
phase shift keying (QPSK) symbol mapper 640. The QPSK
symbol mapper 640 may map the coded CQI/PMI 652 to ten
QPSK symbols. The QPSK symbol mapper 640 may output a
mapped coded CQI/PMI 654.

In one configuration, the mapped coded CQI/PMI 658
may be transmitted on one allocated PUCCH resource. Each.

format 2a/2b PUCCH resource may include two slots 646a-b
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with seven symbols. In each slot 646a-b, two of the symbols

- may be reference symbols 648a-b and five of the symbols may.

be . QPSK mapped symbols. :650a=b. + A first ACK/NACK
reference symbols coder 644a may code the ACK/NACK 628 to.
create reference symbols with coded ACK/NACK 648. The
reference symbols with coded ACK/NACK 648 may be coded
the same way for the first slot 646a and the second slot 646b.
The mapped coded CQI/PMI 654 may then be multiplexed with
the reference symbols with coded ACK/NACK 648 into a
mapped coded CQI/PMI with ACK/NACK coded reference
symbols 658 using a first multiplexer 651a.

A phase shifter 642 may also receive the mapped codéd
CQI/PMI 654. The phase shifter 642 may also receive the
ACK/NACK 628. Based on the ACK/NACK 628, the phase
shifter 642 may apply a phase shift to the mapped coded
CQI/PMI 654. The applied phase shift was discussed above in
relation to Table 4. The phase shifter 642 may output a
phase shifted mapped coded CQI/PMI 656. A second
ACK/NACK reference symbol coder 644b may receive the
ACK/NACK 628. The second ACK/NACK reference symbol
coder 644b may code the ACK/NACK 628 to create reference
symbols with coded ACK/NACK 648. The phase shifted
mapped coded CQI/PMI 656 may then be multiplexed with the
reference symbols with coded ACK/NACK 648 into a phase

shifted mapped coded CQI/PMI with ACK/NACK coded
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reference symbols 658 using a second multiplexer 651b.

- The ‘mapped coded  CQI/PMI withh ACK/NACK'  coded.

- reference symbols 658 may be sent using a PUCCH resource-

(i.e.’ the two slots 646a-b) on-a first- antenna 610a. of the

wireless communication device 604. vThe phase shifted
mapped coded CQI/PMI with ACK/NACK coded  reference
symbols 660 may be sent using a PUCCH resource on a
second antenna 610b of the wireless communication device
604. The phase shifted mapped coded CQI/PMI with
ACK/NACK coded reference symbols 660 may be sent at the
same time as the mapped coded CQI/PMI with ACK/NACK
coded reference symbols 658.

Figure 7 1is a flow diagram of a method 700 for
transmitting uplink control information (UCI) 222 using a
format 2a/2b PUCCH transmit diversity scheme. The method
700 may be performed by a wireless communication device
604. The wireless communication device 604 may code 702 a
channel quality indicator (CQI)/precoding matrix index (PMI)
624 with a Forward Error Correction (FEC) code such as a
Reed-Muller (RM) code to twenty bits. The wireless
communication device 604 may then map 704 the coded
CQI/'PMI 652 to ten QPSK symbols. The wireless
communication device 604 may next apply 706 a phase shift
to the mapped coded CQI/PMI 654. The phase shift may be

based on the ACK/NACK 628.
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The wireless communication device 604 may code 708
the ACK/NACK 628 on the reference. symbols 648a of a first
physical uplink control channel (PUCCH) resource for the
mapped coded CQI/PMI 654. :The wireless communication -
device 604 may also code 710 the ACK/NACK 628 on the
reference symbols 648 of a second PUCCH resource for the
phase shifted mapped coded CQI/PMI 656. The wireless
communication device 604 may then combine 712 the coded
ACK/NACK on the reference symbols 648 of the first PUCCH
antenna 610a with the mapped coded channel quality
indicator (CQI)/precoding matrix index (PMI) 658. The
wireless communication device 604 may also combine 714 the
coded ACK/NACK on the reference symbols 648 of the second
PUCCH antenna 610b with the phase shifted mapped coded
channel quality indicator (CQI)/precoding matrix index (PMI)
656. The wireless communication device 604 may then send
716 the mapped coded CQI/PMI with ACK/NACK coded
reference symbols 658 using a PUCCH resource on a first
antenna 610a of the wireless communication device 604. The
wireless communication device 604 may also send 718 the
phase 'shifted mapped coded CQI/PMI with ACK/NACK coded
reference symbols 660 using a PUCCH resource on a second
antenna 610b of the wireless communication device 604.
Figure 8 is a flow diagram illustrating a method 800 for

receiving uplink control information (UCI) 222 using a PUCCH
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transmit diversity scheme. The method 800 may be performed

by 'a base station 102. ‘The method 800 of Figure 8 may apply:

‘to a PUCCH message 218 'ﬁsing format 2, format 2a or format

2b as per-3GPP TS 36.211. The base station 102 may recover
two copies of the ACK/NACK 228. One copy of the ACK/NACK
228 may be from phase shift detection and the other copy of
the ACK/NACK 228 may be from the format 2/2a/2b coding.
Better performance may be achieved by combining the two
ACK/NACK 228 co.pies to obtain a more reliable ACK/NACK
228 detection. The phase shift may be removed after the
detection of the ACK/NACK 228 bits. Thus, the diversity gain
for other control information may remain the sarﬁe as for
repetition on the second antenna 110b. -

The base station 102 may receive 802 a first set of
symbols on a first antenna 110a. The base station 102 may
also receive 804 a second set of symbols on a second antenna
110b. Thé base station 102 may compute 806 the differential
phase shift between the fir.st set of symbols and the second
set of symbols. Based on the differential phase shift, the
base station may estimate 808 a first ACK/NACK estimate.
Based on the reference symbols of the first set ofv symbols and
the second set of symbols, the base station 102 may estimate
810 a second ACK/NACK estimate. The base station 102 may
then combine 812 the first ACK/NACK estimate and the

second ACK/NACK estimate to obtain a third ACK/NACK
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estimate. Based on the first ACK/NACK estimate, the second

- ACK/NACK ‘estimate and the third: ACK/NACK estimate,- the

. base station 102 may determine 814 the ACK/NACK:

Based on the determined ACK/NACK, the base station

‘102 may remove 816 a phase shift from the second. set of

symbols to obtain a second set of symbols (phase shift
removed), which can also be referred to as a third set of
symbols. The base station 102 may then combine 818 the
first set of symbols with the second set of symbols (phase
shift removed) to obtain a fourth set of symbols. The base
station 102 may decode 820 the combined symbols using a
Reed-Muller (RM) decoder to obtain the CQI/PMI. The basé
station 102 may decode 820 the combined symbols using a
Reed—Muller (RM) decoder in cases where a Reed-Muller code
was used to encode the UCI. The UCI can be a first UCI that
comprises a joint decoded ACK/NACK estimate.

In the current 3GPP Rel-8/9 specification, simultaneous
UCI, i.e. CQi/PMI/RI, and ACK/NACK transmission is
supported on PUCCH if configured. There are two messages to
be carried: UCI, i.e. CQI and/or PMI and/or RI and
ACK/NACK from HARQ process.

In Rel-8/9, two PUCCH formats are specified: Format
2a/2b for normal cyclic prefix (CP), ACK/NACK is carried on
the second reference symbol of each slot and Format 2 for

extended CP, ACK/NACK is concatenated with CQI/PMI/RI,
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and joint coded.

At the receiver, two messages-are obtained by separate

. decoding in normal CP, and-joint decoding in extended CP.

‘The UCI-and ACK/NACK estimations are separated.

The present invention provides a method that further
differentiates the ACK/NACK performance when PUCCH
transmit diversity is used. The basic idea is to apply a phase
shift sequence based on the ACK/NACK oh the second PUCCH
transmission. |
Normal CP case with Format 2a/2b

Figure 8 of the present invention discloses a situation
where, for normal CP, one ACK/NACK is obtained as in the
standard Format 2a/2b, a second ACK/NACK is estimated by
comparing the phase shift of two PUCCH signal transmissions.
By combing them, better ACK/NACK performance is achieved.
Then, the UCI (CQI/PMI/RI) is decoded by removing the phase
shift on the second PUCCH signal with the combined
ACK/NACK detection. This is a small change to current
specifications with a significant performance gain based on
our simulation results.

® First set of symbols: symbols received on the first

antenna port. -

® Second set of symbols: symbols received on the

‘second antenna port.

® Third set of symbols: symbols obtained from the
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second set of symbols by removing the phase shift
‘based: on the third ACK/NACK estimate.
® Fourth set.. of symbols:: symbols .obtained: by
combining the first set of symbols and the third set of
symbols. -

® First ACK/NACK estimate: ACK/NACK estimate by

phase shift.

® Second ACK/NACK estimate: ACK/NACK estimate by

the ACK/NACK on the reference symbols.

® Third ACK/NACK estimate: soft combining of the first

ACK/NACK estimate and the second ACK/NACK
estimate. |

In the process ther.e is no loop and other conditions for
normal CP.

1) Receive the first set of symbols on the first antenna
port and the second set of symbols on the second antenna
port.

2) Get the first ACK/NACK estimate based on the phase
difference of the first set of symbols and the second set of
symbols.

3) Get the second ACK/NACK estimate based on the
reference symbols.

4) Get the third ACK/NACK estimate by combining the
first ACK/NACK estimate and the second ACK/NACK estimate.

5) Determine ACK/NACK based on the third ACK/NACK
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estimate.

6) Get the third set of symbols from the second set of:
symbols by removing the phase shift based on the determined
ACK/NACK (or the third-ACK/NACK estimate).

7) Get the fourth set of symbols by combining the first:
set of symbols and the third set of symbols.

8) Decode the fourth set of symbols to get the UCI
(CQI/PMI/RI).

Figure 9 is a block diagram illustrating data flows for
recéiving uplink control information (UCI) using a format 2
PUCCH transm.it diversity échemé. A base station 902 may
include an uplink transmit (Tx) diversity receiving module 906.

The uplink transmit (Tx) diversity receiving module 906 of

'Figure 9 may be one configuration of the uplink transmit (Tx)

diversity receiving module 106 of Figure 1. The base station
902 may also include a first signal receiver for the first
PUCCH transmission 914a and a second signal receiver for
the second PUCCH transmission 914b. The signal receiver for
the first PUCCH transmission 914a may receive a first set of
symbols 962a. The signal receiver for the second PUCCH
transmission 914b may receive a second set of symbols 962b.
The signal receivers 914 may include two or more antennas.
In one configuration, the signal receivers 914 may include
four or eight antennas. |

The uplink transmit (Tx) diversity receiving module 906
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may include a differential phase shift computer 964. The
differential phase . shift computer' 964  may compute a:
differential phase shift 966 between the first set of symbols
962a and the' second set of symbols 962b. The wuplink
transmit (Tx) diversity receiving module 906 may also include

a phase shift estimation module 968. The phase shift

estimation module 968 may estimate a first ACK/NACK

estimate 970 based on the computed differential phaée shift
966. The first set of symbols 962a and the second set of
symbols 962b may be received and evaluated separately on
their respective PUCCH resources. A soft output may be
calculated on the log likelihood ratio (LLR) of the second set
of symbols 962b against each phase shift version of the first
set of symbols 962a. Then the LLR of each ACK/NACK bit
may be obtained.

The first ACK/NACK estimate 970 is approximately
equivalent to a 10x differential QPSK (DQPSK) repetition code.
The 10x DQPSK repetition code alone is better than the
ACK/NACK performance in format 2a/2b with single antenna
transmission, which is equivalent to 2x DQPSK repetitions.
An ACK/NACK validation process may provide another level of
protection on the ACK/NACK bits. For other information bits,
the full transmit diversity gain may be maintained when the
ACK/NACK is received correctly. | The target bit error rate

(BER) of ACK/NACK bits is very small (less than 0.0001). The
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- PUCCH transmit diversity scheme may achieve an even lower

. BER. Thus, the diversity gain on control is - negligible. -

“The uplink transmit (Tx) diversity receiving module 906 -
may further include a second decoder 972a. The second
decoder 972a may be a Reed-Muller decoder. The second
decoder 972a may decode the first set of symbols 962a to
obtain a second ACK/NACK estimate 974. The first
ACK/NACK estimate 974 and the second ACK/NACK ¢stimate
970 may be combined using a second soft combiner 976a to
obtain a third ACK/NACK estimate 978. Furthermore, besides
the first ACK/NACK estimate 970, the phase shift estimation
module 968 may provide the Ilikelihoods of ACK/NACK
estimation to a second most likely ACK/NACK selection
module 980. The second most likely ACK/‘NACK selection
module 980 may then find out which ACK/NACK is to be
chosen in case of an ACK/NACK validation conflict. |

The uplink transmit (Tx) diversity receiving module 906
may include an ACK/NACK selection module 984. The
ACK/NACK selection module 984 may receive the first
ACK/NACK estimate 970, the second most likely ACK/NACK
estimate 929, and the third ACK/NACK estimate 978. The
ACK/NAClK selection module 984 may then output a selected
ACK/NACK estimate 986. The ACK/NACK selection module
984 may initially select the selected ACK/NACK estimate 986

as the first ACK/NACK estimate 970. Depending on a
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validation module 998 discussed below, the ACK/NACK
selection module 984 may adjust-the selected ACK/NACK
estimate 986.

The uplink transmit (Tx) diversity receiving module 906 -
may include a phase shift removal module‘988. The phase.
shift removal module 988 may receive the second set of
symbols 962b and the selected ACK/NACK estimate 986.
Based on the selected ACK/NACK estimate 986, the phase
shift removal module 988 may remove a phase shift from the
second set of symbols 962b. The phase shift removal module
988 may output a second set of symbols (phase shift removed)
(third set of symbols) 990.

The uplink transmit (Tx) diversity receiving module 906
may include a first soft combiner 976b.  The first soft
combiner 976b may receive the first set of symbols 9625 and
the second set of symbols (phase shift removed) 990. The
first soft combiner 976b may then combine the first set of
symbols 962a and the second set of symbols (phase shift
removed) 990 to output combined symbols (fourth set of
symbols) 992. The combined symbols 992 may be input into a
first decoder 972b. The first decoder 972b may be a Reed-
Muller decoder. The- first décoder 972b may output the
CQI/PMI 994 and a joint decoded ACK/NACK estimate 996.

The uplink transmit (Tx) diversity receiving module 906

may include a validation module 998.. The validation module
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998 may receive the selected ACK/NACK estimate 986 and the
joint. decoded . ACK/NACK estimate 996. Normally, the:.

independent estimates of the ACK/NACK should verify each-

-other. .. Thus,. the selected ACK/NACK estimate 986 -should

match the joint decoded ACK/NACK -estimate 996. _If the
selected ACK/NACK estimate 986 matches the joint decoded
ACK/NACK estimate 996, the joint decoded ACK/NACK
estimate 996 may be output by the validation module 998 as
the determined ACK/NACK 931.

In rare cases when different results are obtained (i.e.

when the selected ACK/NACK estimate 986 and the joint

decoded ACK/NACK estimate 996 differ by more than a

threshold), the ACK/NACK selection module 984 may select
the third ACK/NACK estimate 978 as the selected ACK/NACK
estimate 986. The phase shift removing module 988, first soft
combiner 976b and first decoder 972b may then restart to
obtain a new joint decoded ACK/NACK estimate 996. If the
results match, the validation module 998 may output the
joint decoded ACK/NACK estimate 986 as the determined
ACK/NACK 931. If the results are still different, the
ACK/NACK selection module 984 may select the second most
likely ACK/NACK 929 as the selected ACK/NACK estimate 986.
The phase shift removing module 988, first soft combiner
976b and first decoder 972b may then restart to obtain a new

joint decoded ACK/NACK estimate 996. If the results match,
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the validation module 998 may output the joint decoded
ACK/NACK estimate 996 as the determined ACK/NACK 931.

-If the new joint decoded ACK/NACK estimate 996 still
does not match- the selected ACK/NACK estimate 986, the
validation module 998 may select the determined ACK/NACK
931 based on the number of bits of the CQI/PMI and the
ACK/NACK, along with the first decoder 972b output when
the selected ACK/NACK estimate 986 is the third ACK/NACK
estimate 978 and when the selected ACK/NACK estimate 986
is the second most likely ACK/NACK 929. The decision from
the phase shift estimation module 968 will be more reliable
when the number of information bits is large. Furthermore,
with multiple orthogonal resources, the reference symbols
may also be used to convey the ACK/NACK sigﬁal in format 2
with extended CP. The coding/decoding process may then be
simplified and become very similar to th.at of format 2a/2b
discussed below in relation to Figure 11 and Figure 12A.

Figure 10 is a flow diagram of a method 1000 for
receiving uplink control information (UCI) 222 using a format
2 PUCCH transmit diversity scheme. The method 1000 may
be performed by a base station 902. The base station 902
may receive 1002 a first set of symbols 962a from a signal
receiver for the first physical uplink control channel (PUCCH)
transmission 914a. The base station 902 may receive 1004 a

second set of symbols 962b from a signal receiver of a second
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physical uplink control channel (PUCCH) transmission 914b.

‘The base station 902 may. compute 1006 a differential phase

"shift 966 between -the first set of symbols 962a -and the

. second set of symbols 962b. The base station 902 -may then

estimate 1008 a first ACK/NACK estimate 970 wusing the
differential phase shift 966. The base station 902 may select
1010 the first ACK/NACK estimate 970 as the selected
ACK/NACK estimate 986.

The base station 902 may next remove 1012 a phase
shift from the second set of symbols 962b based on the
selected ACK/NACK estimate 986 to obtain a second set of
symbols (phase shift removed) 990. The base station 902 may
combine 1013 the first set of symbols 962a with the second
set of symbols (phase shift removed) 990. The base station

902 may then decode 1014 the combined symbols 992 to

. obtain a CQI/PMI 994 and a joint decoded ACK/NACK

estimate 996. The base station 902 may compare 1016 the
joint decoded ACK/NACK estimate 996 with the selected
ACK/NACK estimate 986. The base station 902 may then
determine 1018 whether the joint decoded ACK/NACK
estimate 996 and the selected ACK/NACK estimate 986 differ
by less than a threshold. If the joiﬁt decoded ACK/NACK
estimate 996 and the selected ACK/NACK estimate 986 differ
by less than a threshold, the base station 902 may select

1020 the joint decoded ACK/NACK estimate 996 as the
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| ACK/NACK 931 with great confidence.
~.. If the joint decoded ACK/NACK estimate 996 -and the
selected ACK/NACK: estimate 986 ‘do not differ by less:than a-:
threshold, the base station 902 may next determine 1022 if .
the selected ACK/NACK estimate 986 is the first ACK/NACK
estimate 970. If the selected ACK/NACK estimate 986 is the
first ACK/NACK estimate 970, the base station 902 may
decode 1024 the first set of symbols 962a to obtain a second
ACK/NACK estimate 974. The'b,ase station.902 may decode
1024 the first set of symbols 962a using a Reed-Muller
decoder. The base station 902 may then combine 1026 the
first ACK/NACK estimate 970 and the ‘second ACK/NACK
estimate 974 to obtain a third ACK/NACK estimate 978.  The
base station 902 may select 1028 the third ACK/NACK
estimate 978 as the selected ACK/NACK estimate 986. The
base station 902 may then remove 1012 a phase shift 966
from the second set of symbols 962b based on the selected

ACK/NACK estimate 986.

If the selected ACK/NACK estimate 986 is not the first
ACK/NACK estimate 970, the base station 902 may determine
1036 whether the selected ACK/NACK estimate 986 is the
third ACK/NACK estimate 978. If the selected ACK/NACK
estimate 986 is the third ACK/NACK estimate 978, the base
station 902 may determine 1038 a second most likely

ACK/NACK 929 based on the first ACK/NACK estimate 970.
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The base station 902 may select 1040 the second most likely

ACK/NACK 929 as theselected’ACK'/jNACK;estir_nate-'986. The -

- 'base. 'station :902 may then remove 1012 a phase shift 966

from the second set .of symbols 962b based on.the selected
ACK/NACK estimate 986.

If the selected ACK/NACK estimate 986 is not the third
ACK/NACK estimate 978, the base station 902 may determine
1042 the ACK/NACK 931 based on the number of bits in the
CQI/PMI 994 and the ACK/NACK 996. The base station 902
may also determine the .ACK/NACK 929 based on the first
decoder 972b output when the selected ACK/NACK estimate
986 is the third ACK/NACK estimate 978. The base station
902 may further determine the ACK/NACK 929 based on the
first decoder 972b output when the selected ACK/NACK
estimate 986 is the sécond most 1ikely ACK/NACK 9209.
Extended CP case with Format 2

Figures 9 and 10 show situations which use detailed

decoding algorithms for the proposed method of the present

invention when extended CP is used. Because ACK/NACK is

joint coded with UCI for extended CP, it is more complicated
and the performance is not as good as for normal CP. We keep
it to make the method complete and covers all cases. To make
the ACK/NACK more reliable, a validation module is used to
compare the ACK/NACK estimation from phase shift and the

output from RM decode.
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Since there are several loops in the process, the output
from one module  may ‘correspond to multiple terms. used:-:

previously in the specification. This process' takes- several

- steps of trials and-iterations. .

1) Use the ACK/NACK estimate based on phase shift only,
then remove phase shift on the second set of symbols and
decode. If ACK/NACK results agree, done.

2) Otherwise, try tov combine a second ACK/NACK
estimate with the first ACK/NACK estimate, a;ld try again.

3) If ACK/NACK results still not agree, try again using
the second most likely ACK/NACK from the phase shift

estimation.

4) If ACK/NACK results still do not agree, make a
arbitrary decision.

First set of symbols: symbols received on the first

antenna port.

Second set of symbols: symbols received on the second
éntenna port.

Third set of symbols: symbols obtained from the second
set of symbols by removing the phase shift based on the first
ACK/NACK estimate.

Fourth set of symbols: symbols obtained by combining
the first set of symbols and the third set of symbols.

Fifth set of symbols: symbols obtained from the second

set of symbols by removing the phase shift based on the third
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ACK/NACK estimate.

.. Sixth set of symbols: symbols obtained by combining the.

first set of symbols and the fifth set of symbols. -

- ... Seventh set of symbols: symbols obtained from  the

second set of symbols by removing the phase shift based on
the fifth ACK/NACK estimate.

Eighth set of symbols: symbols obtained by combining
the first set of symbols and the seventh set of symbols.

First ACK/NACK estim;ate: ACK/NACK vestimate by phase
shift.

Second ACK/NACK estimate: ACK/NACK estimate by RM
decoding with the first set of symbols (NOTE: this is different
from normal CP case).

Third ACK/NACK estimate: soft combining of the first
ACK/NACK estimate and the second ACK/NACK estimate.

Fourth ACK/NACK estimate: ACK/NACK from RM
decoding of the sixth set of symbols.

Fifth ACK/NACK estimate: choose the | second first
ACK/NACK estimate if the fourth ACK/NACK estimate is
different from the third ACK/NACK estimate.

Sixth ACK/NACK estimate: ACK/NACK from RM decoding
of the eighth set of symbols.

First UCI: RM decode output based on the fourth set of
symbols.

Second UCI: RM decode output based on the sixth set of
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symbols.

Third UCI: RM decode output based .on the eighth set of

symbols.

-Process:

1) Receive the first set of symbols on the first antenna -
port and the second set of symbols on the second
antenna port.

2) Get the first ACK/NACK estimate based on the phase .
difference of the first set of symbols and the second set
of symbols.

3) Get the third set of symbols from the second set of
symbols by removing the phase shift based on the first
ACK/NACK estimate.

4) Get the fourth set of symbols by combining the first
set of symbols and the third set of symbols.

5) Decode the fourth set of symbols to get a first UCI
(CQI/PMI/RI and ACKF/NACK).

6) Compare the selected ACK/NACK estimate (in this step
the first ACK/NACK estimate) with the ACK/NACK in the
first UCI. If they are the same (differ by less than a
threshold), done. The first UCI gives the CQI/PMI/RI and
A/N.

7) If they are different, get the second ACK/NACK -
estimate by decoding only the first set of symbols.

8) Get the third ACK/NACK estimate by combining the
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first ACK/NACK estimate and the second ACK/NACK
estimate..

a. Another condition should be added here, if the third
ACK/NACK estimate 1s fhe same as the first ACK/NACK .
estimate, jump directly té step 13), i.e. box 1038 in Fig
10.

9) Get the fifth set of symbols from the second set of
symbols by removing the phase shift based on the third
ACK/NACK estimate.

10) Get the sixth set of symbols by combining the first
set of symbols and the fifth set of symbols.

11) Decode the sixth set of symbols to get a second UCI
(CQI/PMI/RI and ACK/NACK).

12) Compare the selected ACK/NACK estimate (in this
step the third ACK/NACK estimate) with the fourth
A‘CK/NACK estimate, i.e. the ACK/NACK in the second
UCI. If they are the same (differ by less than a threshold),
done. The second UCI gives the CQI/PMI/RI and A/N.

13) If they are different, get the fifth ACK/NACK estimate,
i.e. the second most likely ACK/NACK based on the first
ACK/NACK estimate.

14) Get the seventh set of symbols from the second set of
symbols by removing the phase shift based on the fifth
ACK/NACK estimate.

15) Get the eighth set of symbols by combining the first
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set of symbols and the seventh set of symbols. .

- 16) Decode the eighth set éf symbols to get a third UCI -
. (CQI/PMI/RI and ACK/NACK),; which includes the sixth

ACK/NACK estimate. |

17) Compare the selected ACK/NACK estimate (in this

step the fifth ACK/NACK estimate) with the sixth

ACK/NACK estimate, i.e. the ACK/NACK in the third UCI.

If they are the same (differ by less than a threshold),

done. The third UCI gives the CQI/PMI/RI and A/N.

18) If they are sfill different, arbit‘rarily decide the

ACK/NACK. If the CQI/PMI payload 1is big, the

ACK/NACK from phase shift may be more reliable. If the

CQI/PMI payload is small, the joint coding output may be

more reliable.

a Joint likelihood estimation methods can be applied

here to find the most likely CQI and ACK/NACK

combination.

Figure 11 is a block diagram illustrating data flows for
receiving uplink control information (UCI) 222 using a format
2a/2b PUCCH transmit diversity scheme. A base station 1102
may include an uplink transmit (Tx) diversity receiving
module 1106. The uplink transmit (Tx) diversity receiving
module 1106 of Figure 11 may be one configuration of the
uplink transmit (Tx) diversity receiving module 106 of Figure

1. The base station 1102 may also include a signal receiver
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for the first PUCCH transmission 1114a and a signal receiver
for the second PUCCH  transmission 1114b. The signal
receiver for the first PUCCH transmission 1114a may receive-
a first set of symbols 1162a. The signal receiver fér the
second PUCCH transfnission 1114b may receive a second set
of symbols 1162b. The first set of symbols 1162a and the
second set of symbols 1162b may be received via the PUCCH.

The uplink transmit (Tx) diversity receiving module 1106
may include a differential phase shift computer 1164. The
differential phase shift computer 1164 may receive the first
set of symbols 1162a and the second set of symbols 1162b.
The differential phase shift computer 1164 may then compute
the differential phase shift 1166 between the first set of
symbols 1162a and the second set of symbols 1162b. The
uplink transmit (Tx) diversity receiving module 1106 may also
include an ACK/‘NACK estimation module 1168. The
ACK/NACK estimation module 1168 may also be referred to as
a phase shift estimation module. The ACK/NACK estimation
module 1168 may receive the differential phase shift 1166.
The ACK/NACK estimation module 1168 may then estimate a

first ACK/NACK estimate 1170 based on the differential phase

- shift 1166.

If a 2-bit ACK/NACK feedback is assumed, the format 2b
may be equivalent to a 2x differential QPSK (DQPSK)

repetition on each antenna. Thus, the format 2b may be
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equivalent to an approximately 4x DQPSK repetition with two

- antennas: . The phase shift estimation is essentially also a.
‘DQPSK: demodulation. Thus, the ACK/NACK -estimate from

- the phase shift detection is approximately equivalent to a 10x

QPSK repetition code. Combined with the format 2b
transmission on two antennas results in ~14x DQPSK
repetition. Thus, up to 5.4 dB (10*logl10(14/4)) gain over the
simple repetition transmit diversity method. For other
information bits, when the ACK/NACK is received corréctly,
full transmit diversity gain is maintained and there is no
diversity gain when the ACK/NACK is in error.

The uplink transmit (Tx) diversity receiving module 1106
may include an ACK/NACK extraction module 1137. The
ACK/NACK extraction module 1137 may receive the first set
of symbols 1162a and the second set of symbols 1162b. The
ACK/NACK extraction module 1137 may then extract the
ACK/NACK from the reference symbols of the first set of
symbols and the second set of symbols. The extracted
ACK/NACK may be referred to as the second ACK/NACK
estimate 1133.

The uplink transmit (Tx) diversity receiving module 1106
may include a sécond soft combiner 1176a. The second soft
combiner 1176a may combine the first ACK/NACK estimate
1170 and the second ACK/NACK estimate 1133 to obtain a

third ACK/NACK estimate 1135. The third ACK/NACK
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estimate 1135 may be a more accurate estimate of the

ACK/NACK and may be used as the ACK/NACK decision. The

‘uplink . transmit (Tx) diversity receiving module 1106 may

include a phase shift removal module 1188. Based on - the
third ACK/NACK estimate 1135, the phase shift removal
module 1188 may remove a phase shift from the second set of
symbols 1162b. The phasé shift removal module 1188 may
then output the second set of symbols (phase shift removed)
(third set of symbols) 11”90.

The uplink transmit (Tx) diversity receiving module 1106
may include a first soft combiner 1176b. The first soft
combiner 1176b may combine the first sef of symbols 1162a
and the second set of symbols (phase shift removed) 1190.
The combined symbols (fourth set of symbols) 1192 may then
be decoded by a decoder 1172. The decoder 1172 may be a
Reed-Muller decoder 1172. The decoder 1172 may output the
channel quality indicator (CQI)/precoding matrix index (PMI)
1194.

Figure 12A is a flow diagram of a method 1200 for
receiving uplink control information (UCI) 222 using a format
2a/2b PUCCH transmit diversity scheme. The method 1200
may be performed by a base station 1102. vThe base station
1102 may receive 1202 a first set of symbols 1162a by a
signal receiver for the first PUCCH transmission 1114a. The

base station 1102 may receive 1204 a second set of symbols
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1162b by a signal receiver for the sécond PUCCH
transmission 1114b. - The. base station 1102 may then
compute 1206 a differential phase 'shift 1166 between the first:
set of symbols 1162a and the second set of symbols 1162b. - ...

Using the differential phase shift 1166, the base station
1102 may estimate 1208 a first ACK/NACK estimate 1170.
The base station 1102 may also extract 1210 a second
ACK/NACK estimate 1133 from the reference symbols 648 of
the first set of symbols 1162a and the secbnd set of symbols
1162b. The base station 1102 may combine 1212 the first
ACK/NACK estimate 1170 and the second ACK/NACK estimate
1133 to obtain a third ACK/NACK estimate 1135. The third
ACK/NACK estimate 1135 may be a more accurate estimate of
the ACK/NACK and may be used as the ACK/NACK decision.

Using the third ACK/NACK estimate 1135, the base
station 1102 may remove 1214 a phase shift from the second
set of symbols 1162b. The base station 1102 may next
combine 1216 the first set of symbols 1162a with the second
set of symbols (phase shift removed) 1190. The base station
1102 may then decode 1218 the combined symbols 1192 to
obtain the channel quality indicator (CQI)/precoding matrix
index (PMI) 1194. The base station 1102 may decode 1218
the combined symbols 1192 using a Reed-Muller decoder

1172.

Figure 12B is a flow diagram of a method 1240 for
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enhanced joint soft ACK/NACK 228 decoding. The method

1240 ‘may be performed by  a base station 102. ' .The base

station 102 may use 1242 all reference symbols and. symbols::

‘with specified 0 or n phase shift as.virtual reference symbols

to obtain a better estimation of a differential - decoding
reference. Step 1242 may be performed by the ACK/NACK
estimatibn module 1168. A better estimation of the
differential decoding reference may reduce the effect of
reference symbol miss-detection.

In the phase shift sequence pattern sets illustrated
above in Table 3 and Table 4, there may be a conflict between
a phase shifted sequence and vanother sequence. In the phase
shift sequence pattern sets illustrated above in Table 5, Table
6 and Table 7, it may be possible to determine 1244 the
maximum likelihood sequence (e.g., by choosing the sequence
with the minimum mean s.quared distance to the detected
symbols). Furthermore, because there is no conflict between
a phase shifted sequence and another sequence, determining
1244 the Vmaximum likelihood sequence may be optimized

(convex optimization) by deliberately modifying the phase

shift in order to offset the possible demodulation symbol error.

Step 1244 may be performed by the ACK/NACK estimation
module 1168. A vertex optimization can be employed to find
the phase offset value that minimizes the sum of distances for

all reference symbols and virtual reference symbols prior to
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performing sequence likelihood detection.

The base station 102 may. apply 1246 appropriate

-weights to the two ACK/NACK estimates 1170, 1133 using the

first soft combiner 1176b. The base.station 102 may then use- .
1248 joint decoding with the weighted ACK/NACK 228
detections to soft combine the two ACK/NACK estimates 1170,
1133 using the first soft combiner 1176b.

Figure 13 illustrates various components that may be
utilized in a wireless communication device 1302. The
wireless communication device 1302 includes a processor
1303 that controls operation of the wireless communication
device 1302. The processor 1303 may also be referred to as a
CPU. Memory 1365, which may include both read-only
memory (ROM), random access memory (RAM) or any type of
device that may store inforrhation, provides instructions
1307a and data 1309a to the processor 1303. A portion of the
memory 1305 may also include non-volatile random access
memory (NVRAM). Instructions 1307b and data 1309b may
also reside in the processor 1303. Instructions 1307b loaded
into the processor 1303 may also include instructions 1307a
from memory 1305 that were loaded for execution by the
processor 1303. The instructions 1307b may be executed by
the processor 1303 to implement the methods disclosed
herein.

The wireless communication device 1302 may also
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include a housing that contains a transmitter 1311 and a
receiver 1313 .to allow transmission and reception of data.
The transmitter.1311 and receiver 1313 may be combined into
a transceiver- 1315. A first antenna 1317a and a second
antenna 1317b are attached to the housing and electrically
coupled to the transceiver 1315. Additional antennas may
also be used.

The various components of the wireless communication
device 1302 are coupled together by a bus system 1319 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 13 as

the bus system 1319. The wireless communication device
1302 may also include a digital signai processor (DSP) 1321
for use in processing signals. The wireless communication
device 1302 may also include a communications interface
1323 that provides wuser access. to the functions of the
communication device 1302. The wireless communication
device. 1302 illustrated in Figure 13 is a functional block
diagram rather than a listing of specific components.

Fig.ure 14 illustrates various components that may be
utilized in a base station 1404. The base station 1404 may
include components that are similar to the components
discussed above in relation to the wireless communication

device 1302, including a processor 1403, memory 1405 that
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provides instructions 1407a and data 1409a to the processor

.'1403, instructions 1407b and data 1409b that may reside in

‘r'-»th-e...p'r-ocessof 1403, a housing that contains a transmitter

1411 and a receivér- 1413 (which may be combined into a
transceiver 1415), a first antenna 1417a and a second
antenna 1417b electrically coupled to the transceiver 1415, a
bus system 1419, a DSP 1421 for use in processing signals, a
communications interface 1423, and so forth.

As used herein, the term “determining” encompasses a
wide variety of actions and, therefore, “determining” can
inciude calculating, vcomputing, processing, deriving,
investigating, looking up (e.g., looking up in a table, a
database or another data structure), ascertaining and the like.
Also, “determining” can include receiving (e.g., receiving.
information), accessing (e.g., accessing data in a memory) and
thé like. Also, “determining” can include resolving, selecting,
choosing, establishing and the like.

The phrase “based on” does not mean “based only onv,”
unless expressly specified otherwise. In other words, the
phrase “based on” describes both “based only on” and “based
at least on.”

The term “processor” should be interpreted broadly to
encompass a general purpose processor, a central processing
unit (CPU), a microprocessor, a digital signal processor (DSP),

a controller, a microcontroller, a state machine, and so forth.
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Under some circumstances, a “prdcessor” may refer to an
application specific integrated. circuit (ASIC), a programmable
logic device (PLD), a field. programmable gate arréy: (FPGA), -
etc. The term “processor” may refer to a combination of
processing devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other
such configuration.
The term “memory” should be interpreted broadly to
encompass any electronic component capable of storing

electronic information. The term memory may refer to various

types of processor-readable media such as random access

memory (RAM), read-only memory (ROM), non-volatile random
access memory (NVRAM), programmable read-only memory
(PROM), erasable programmable read only memory (EPROM),
electrically erasable PROM (EEPROM), flash memory,
magnetic or optical data storage, registers‘, etc. Memory is
said to be in electronic communication with a processor if the
processor can read information from and/or write information
to the memory. Memory may be integral to a processor and
still be said to be in electronic communication with the
processor.

The terms “instructions” and “code” should be

interpreted broadly to include any type of computer-readable

statement(s). For example, the terms “instructions” and
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“code” may refer to one or more programs, routines, sub-

routines, functionhs, procedures, .etc. “Instructions” and -

" “code” may comprise a single computer-readable statement or

" many computer-readable statements.

‘The functions described herein may be implemented in
hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored as one
or more instructions on a computer-readable medium. The
term “computer-readable mediufn” refers to any available
medium that can be accessed by a computer. By way of
example, and not limitation, a computer-readable medium
may comprise RAM, ROM, EEPROM, CD-ROM or other optical
disk storage, magnetic disk storage or other magnetic storage
devices, or any éther 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. 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 usually reproduce data magnetically,
while discs reproduce data optically with lasers.

Software or instructions may also be transmitted over a
transmission medium. For example, if the software is
transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital

subscriber line (DSL), or wireless technologies such as
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infrared, radio, and microwave, then the coaxial cable, fiber

‘optic cable, twisted pair, DSL, or wireless technologies such

“as infrared, radio, and ‘microwave ‘are included in - the -

definition of transmission medium.

The methods disclosed herein comprise one or more
steps or actions for achieving the described method. The
method steps and/or actions may be interchanged with one
another 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 understoo‘d that the claims are not limited to
the precise configuration and components illustrated above.
Various modifications, changes and variations may be made
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 - method for transmitting uplink control

information (UCI) .using. a physical uplink control channel
(PUCCH) transmit diversity scheme, comprising:

coding UCI with a Forward Error Correction code to
obtain a coded UCI,;

mapping coded UCI to quadrature phase shift keying
(QPSK) symbols to obtain a mapped coded UCI,;

selecting a phase shift pattern;

applying a phase shift from the phase shift pattern to

the mapped coded UCI based on an acknowledge/negative-

“acknowledge (ACK/NACK) to obtain a phase shifted mapped

coded UCI;

sending the mapped coded UCI using a PUCCH resource

on a first antenna; and

sending the phase shifted mapped coded UCI using a

PUCCH resource on a second antenna.

2. The method of claim 1, wherein the phase shift is
selected such that a phase shifted version of the mapped

coded UCI will not collide with other sequences.

3. The method of claim 1, wherein selecting a phase

shift comprises evenly dividing a number of reference symbols
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and a number of ACK/NACK coded symbols to increase a

reference reliability.

4. The method of claim 1, wherein selecting a phase

shift comprises maximizing a sequence distance.

5. The method of claim 1, wherein the phase shift
pattern comprises a bipolar coding that adds a simplex coding

of ACK/NACK bits on the phase shifted mapped coded UCI.

6. The method of claim 1, wherein the phase shift
pattern comprises an orthogonal design that allows reference

symbol noise to be removed using pair symbol estimation.

7. The mefhod of claim 1, wherein the UCI comprises
a channel quality indicator (CQI), a precoding matrix index
(PMI) and the ACK/NACK, and further comprising
concatenating the CQI, PMI and ACK/NACK to obtain v_a

concatenated UCI.

8. The method of claim 7, wherein coding the UCI with
a FEC code comprises joint coding the concatenated UCI

using a Reed-Muller code.

9. The method of claim 1, wherein the UCI comprises
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a channel quality indicator (CQI) and a precoding matrix

index (PMI), and further comprising coding the ACK/NACK on

‘reference symbols of the PUCCH resource of the first antenna

to obtain a first set of ACK/NACK coded reference symbols,
and combining the first set of ACK/NACK coded reference
symbols with the mapped coded UCI prior to sending the

mapped coded UCI.

10. The method of claim 9, vfurther.comprising coding
the ACK/NACK on reference symbols of the PUCCH resource
of the second antenna to obtain a second set of ACK/NACK
coded reference symbols, and combining the second set of
ACK/NACK coded reference symbols with the phase shifted
mapped coded UCI prior to sending the phase shifted mapped

coded UCI.

11. The method of claim 1, wherein the coded UCI is

twenty bits.

12. The method of claim 1, wherein the coded UCI is

mapped to ten QPSK symbols.

13. rThe method of claim 1, wherein the method is

performed by a wireless communication device.
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14. The méthod of claim 1, wherein the UCI is

transmitted using PUCCH format 2.

15... The method of claim 1, wherein the UCI  is

transmitted using PUCCH format 2a/2b.

16. The method of claim 13, wherein the wireless
communication device uses a Space Orthogonal Resource

Transmit Diversity (SORTD) scheme when no ACK/NACK is

transmitted.

17. A method for receiving uplink control information
(UCI) using a physical uplink control channel (PUCCH)
transmit diversity scheme, comprising:

receiving a first set of symbols by a first signal receiver
for a first PUCCH transmission;

receiving a second set of symbols by a second signal
receiver for a second PUCCH transmission;

computing a differential phase shift between the first set
of symbols and the second set of symbols;

estimating a first acknowledge/negative-acknowledge
(ACK/NACK) estimate, wherein the first ACK/NACK estimate
is based on the differential phase shift;

extracting a second ACK/NACK estimate from one or

more reference symbols in the first set of symbols and the
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second set of symbols;
- using joint coding to combine the first ACK/NACK

estimate and the second ACK/NACK estimate to obtain a third -

- ACK/NACK estimate;

removing a phase shift from the second set of symbols

based on the third ACK/NACK estimate to obtain a third set

of symbols;

combining the first set of symbols with the third set of
symbols to obtain a fourth set of symbols; and

~decoding the fourth set of symbols to obtain the UCI.

18. The method of claim 17, further comprising using

symbols with O or n as virtual reference symbols.

19. The method of claim 17, further comprising
determining a maximum likelihood sequence using convex

optimization.

20. The method of claim 17, wherein the method is
performed by a base station configured to operate using a

single or multiple antennas.

21. The method of claim 17, wherein decoding is
performed using a Reed-Muller decoder if the UCI was

encoded using a Reed-Muller coder.
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22.  The method of claim. 17, wherein the UCI is sent

using PUCCH format 2a/2b.

23. The method of claim 20, wherein the base station
uses a Space Orthogonal Resource Transmit Diversity

(SORTD) scheme when no ACK/NACK is transmitted.

24. A method for receiving uplink control information
(UCI) wusing a physical uplink control channel (PUCCH)
transmit diversity scheme, comprising:

receiving a first set of symbols by a first signal receiver
for a first PUCCH transmission,;

receiving a second set of symbols by a second signal
receiver for a second PUCCH transmission; |

computing a differential phase shift between the first set
of.symbols and the second set of symbols using symbols with
O or n as virtual reference symbols;

estimating a first acknowledge/negative-acknowledge
(ACK/NACK) estimate based on the differential phase shift;

removing a phase shift from the second set of symbols
based on the first ACK/NACK estimate to obtain a third set of
symbols;

combining the first set of symbo}ls with the third set of

symbols to obtain a fourth set of symbols; and
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decoding the fourth set of symbols to obtain a first UCI,

“wherein the first UCI .comprises a joint decoded ACK/NACK .

estimate:

25. The method of claim 24, further comprising
determining a maximum- likelihood sequence using convex

optimization.

26. The method of claim 25, further comprising
determining whether the first ACK/NACK estimate and the
joint decoded ACK/NACK estimate differ by less than a
threshold, and selecting the joint decoded ACK/NACK
estimate as the ACK/NACK if the first ACK/NACK estimate

and the joint decoded ACK/NACK estimate differ by less than

a threshold.

27. The method of claim 25, further comprising
determining whether the first ACK/NACK estimate and the
joint decoded ACK/NACK estimate differ by less than a
threshold, and decoding the first set of symbols to obtain a
second ACK/NACK estimate if the first ACK/NACK estimate

and the joint decoded ACK/NACK estimate differ by more than

a threshold.

28. The method of claim 27, further comprising:
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combining the first ACK/NACK estimate and the second

" ACK/NACK estimate using joint coding to .obtain: a third

ACK/NACK estimate;

removing a phase shift from the second set of symbols
based on the third ACK/NACK estimate to obtain a fifth set of
symbols;

combining the fifth set of symbols with the first set of
symbols to obtain a sixth set of symbols;

decoding the sixth set of symbols to obtain a second UCI,
wherein the second UCI comprises a joint decoded fourth

ACK/NACK estimate.

29. The method of claim 28, further comprising
determining whether the third ACK/NACK estimate and the
joint decoded fourth ACK/NACK estirﬁate differ by less than a
threshold, and selecting the joint decoded ACK/NACK
-estimate as the ACK/NACK if the third ACK/NACK estimate
and the joint decoded fourth ACK/NACK estimate differ by

less than a threshold.

- 30. | The method of claim 28, further comprising
determining whether the third ACK/NACK estimate and the
joint decoded fourth ACK/NACK estimate differ by less than a
threshold, and determining a fifth ACK/NACK estimate based

on the first ACK/NACK estimate if the third ACK/NACK
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estimate and the joint decoded fourth ACK/NACK estimate

differ by more than a.threshold. .

31. The method of claim 30, further comprising:

removing a phase shift from the second set of symbols
based on the fifth ACK/NACK estimate to obtain a seventh set
of symbols;

combining the seventh set of syrhbols with the first set
of symbols to obtain an eighth set of symbols;

decoding the eighth set of symbols to obtain a third UCI,
wherein the third UCI comprises a joint decoded sixth

ACK/NACK estimate.

32. The method .of claim 31, further comprising
determining whether the fifth ACK/NACK estimate and the
joiﬁt decoded sixth ACK/NACK estimate differ by less than a
threshold, and selecting the joint decoded sixth ACK/NACK
estimate as thé ACK/NACK if the fifth ACK/NACK estimate
and the joint decoded sixth ACK/NACK estimate differ by less

than a threshold.

33. The method of claim 31, further comprising
determining whether the fifth ACK/NACK estimate and the
joint decoded sixth ACK/NACK estimate differ by less than a

threshold, and determining the ACK/NACK based on the
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number of bits in the third UCI if the fifth ACK/NACK

estimate. and the joint decoded sixth ACK/NACK: estimate. :

differ by more than a threshold.

~-34. The method of claim 24, wherein the method is
performed by a base station configured to operate using a

single or multiple antennas.

35. The method of claim 24, wherein decoding is
performed using a Reed-Muller decoder if the UCI was

encoded using a Reed-Muller coder.

36. The method of claim 24, wherein the UCI was sent

using PUCCH format 2.

37. The method of claim 34, wherein the base station
uses a Space Orthogonal Resource Transmit Diversity

(SORTD) scheme when no ACK/NACK is transmitted.

38. A wireless communication device configured for
transmitting uplink control information (UCI) using a physical
uplink control channel (PUCCH) transmit diversity scheme,
the wireless communication device comprising:

a Forward Error Correction (FEC) coder;

a quadrature phase shift keying (QPSK) symbol mapper;
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a phase shifter, wherein the phase shifter applies a

p'hase shift from a selected phase shift: pattern based on the.
ACK/NACK;

a first antenna; and

a second antenna.

39. The wireless communication device of claim 38,
wherein the FEC coder is a Reed-Muller encoder, and wherein-
the Reed-Muller encoder joint codes a channel quality
indicator (CQI)/precoding matrix index (PMI) and an

acknowledge/negative-acknowledge (ACK/NACK).

40. The wireless communication device of claim 38,
further comprising a first ACK/NACK reference symbol coder
and a second ACK/NACK reference symbol coder, wherein an
ACK/NACK reference symbol coder codes an ACK/NACK onto

one or more reference symbols of a slot.

41. The wireless communication device of claim 38,
wherein the wireless communication device is configured to

operate using single or multiple antennas.

42. The wireless communication device of claim 38,

~wherein the UCI is transmitted using PUCCH format 2.
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43. The wireless communication device of claim 38,

wherein theUCI is transmitted using PUCCH format 2a/2b.

44, A base station configured for receiving uplihk-
control information (UCI) using a physical uplink control
channel (PUCCH) transmit diversity scheme, the base station
comprising:

a first signal receiver for a 'fir.st PUCCH transmission,
wherein the first signal receiver receives a first set of
symbols;

a second signal receiver for a second PUCCH
transmission, wherein the second signal receiver receives a
second set of symbols;

a differential phase shift computer, wherein the
differential phase shift éomputer computes the differential
phase shift between the first set of symbols and the second
set of symbols using symbols with O or n as virtual reference
symbols;

a phase shift estimation module, wherein the phase shift
estimation module estimates a first acknowledge/negative-
acknowledge (ACK/NACK) estimate based on the differential
phase shift;

a phase shift removal module, wherein the phase shift
removal module removes a phase shift from ’the second set of

symbols to obtain a third set of symbols;
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a first combiner; wherein the first combiner combines

‘the first set of symbols and the third set of symbols to .obtain

a fourth set of symbols; and

a first decoder, wherein the first decoder decodes the

fourth set of symbols to obtain the UCI.

45. The base station of claim 44, further comprising:

an ACK/NACK extraction module, wherein the
ACK/NACK extraction module extracts a second ACK/NACK
estimate from one or more reference symbols of the first set of
symbols and the second set of symbols; and

a second combiner; wherein the second combiner
combines the first ACK/NACK estimate and the second

ACK/NACK estimate to obtain a third ACK/NACK estimate,

wherein the second combiner uses joint coding, and wherein

the phase shift removed from the second set of symbols is

based on the third ACK/NACK estimate.

46. The base station of claim 44, further comp}rising:

a second degoder, wherein the second decoder decodes a
second ACK/NACK estimate from the first set of symbols;

a second combiner, wherein the | second combiner
combines the first ACK/NACK estimate and the second
ACK/NACK estimate to obtain a third ACK/NACK estimate,

and wherein the UCI output by the first decoder comprises a
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channel quality indicator (CQI), a precoding matrix index
(PMI) and a fourth ‘ACK/NACK estimate; and
a validation module, wherein the validation module

‘determines the validity of the fourth ACK/NACK estimate.
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