- 1 - CONTROL AND DATA MULTI PLEXI NG | N COVMUNI CATI ON SYSTEMS BACKGROUND OF
THE | NVENTI ON Field of the Invention The present invention is
directed, in general, to wireless conmuni cati on systens and, nore
specifically, to multiplexing control and data information in
Single-Carrier Frequency Division Miltiple Access (SC FDVA) conmuni cation
syst ens. Description of the Related Art The present invention
considers the transm ssion of positive or negative acknow edgenent signals
(ACK or NAK, respectively), channel quality indicator (CQ) signals,
precoding matrix indicator (PM) signals, and rank indicator (RI) signals
together with data i nformation signal s-lln a SC- FDMA communi cations system
and is further considered in the devel opnment of the 3rd Generation
Partnership Project (3GPP) Evolved Universal Terrestri aI Radl Q Access

(E- UTRA) Long TerrE.Q&EﬂB.QL&NDM A MULTIELEXING TN, COMMUNICATL

comuni cation corresponding to t he q;mm ansm ssi on from m)bl | e user
equi pnents (UES) to a serving base station (Node B). A UE, also comonly
referred to as a termnal or a nobile station, e fixed or nobile and
may be a wirel ess device, aMCKﬂB‘OWﬁETHEpBY%ENHOHOWput er device, a
w reless nodemcard, etc. A Node Bis generally a fixed station and may

al so be referred t? as.a_base transceiver system (BTS), an access point, or
ot her termnol ogmlon of ACK/NAK, CQ, PM, and R signals may
al so be jointly Maé qm&seﬂt imfeaﬁommd idirkctedyninr géneralf ar mateiem col@iynisitignal s.
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comuni cat i gyst&yst em which corresponds to signal transmission fromthe
serving Node B to a UE. The CQ signal transmtted froma reference UE is
intended to informthe serving 2 - Node B of the channel conditions the
UE experiences fmmpi@@aiﬁ%ﬂﬁ n the DL, enabling the Node B to

perform ChgnP3| qﬁ@%}?&ﬁﬁ iehgshIcbngdat (b tﬁﬁtrﬁ:sﬂ@?hﬂt ﬁosF]tWEEmPMbédﬁlvﬁg hgnal S
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t ransmi ssi om'roﬁctteﬁﬁPE}s Entlved Universah TeoagiideRadio Mecé¢ss (bl TRAS &ong Term The
UEs are assybfhib Mrhe UdveRisH Ofss@@be ﬁ.bgraahﬁg OME) EohfimfREdtinPoNdi ng

to a sub-frane. ﬁ §SI cal hanne r n e data trans n and, if
any, the UCFOET?S&ﬁ%ﬁ‘efP% 40 &he signg éfaélﬁ%"'al%ﬁé@ O?Jrfygﬁeﬁéﬂ“‘amepﬁmg
channel (PUS&wing base station (Node B). A UE, also commonly referred to as a terminal or a

mobile station, may be fixed or mobile and may be a wireless device, a cellular

phone, a personal computer device, a wircless modem card, etc. A Node B is
generally a fixed station and may also be referred to as a base transceiver system
(BTS), an access point, or other terminology. Any combination of ACK/NAK, CQI,
PMI, and RI signals may also be jointly rcferred to as uplink control information
(UCI) signals.
The ACK or NAK signal is associated with the application of hybrid
automatic repeat request (HARQ) and is in response to the correct or incotrect,
- respectively, data packet reccption in the downlink (DL) of the communication
system, which corresponds to signal transmission from the serving Node B to a UE.
The CQI signal transmitted from a reference UE is intended to inform the serving



FIG 1 illustrates a sub-frame structure assuned in the exenplary

enbodi nent of the invention. The sub-frame 110 includes two slots (120a,
120b). Each slot 120 further includes seven synbols, for exanple, and each
synbol 130 further includes of a cyclic prefix (CP) (not shown) for
mtigating interference due to channel propagation effects. The signal
transm ssion in the two slots 120a and 1206 nay be in the sane part, or it
may be at two different parts of an operating bandwi dth (BW. Furthernore,
the m ddl e synbol in each slot carries transm ssion of reference signals
(RS) 140, also known as pilot signals, which are used for several purposes,
such as providing channel estimation fop-coherent denodul ati on of the
recei ved signal, for exanple. The transm ssion BWi ncl udes frequency
resource units, which will be referred to as resource blocks (RBs). In an
exenpl ary ehsdeBrafithe chassel qenditiens theddE eepasisheasdor signal receptioniistha DA,
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reverse operationsof CHEERIE| Pusth-LEBl SHUfPtS &Suped gar s A¥EMPRIY er an

ant enna r ecenbeimeiteof; theliiovention,uBime yut(- -Rime dflioguddsgmal siend 1204, ¢RoByur t her
processing E&Eht ﬁot( F’Hﬁfhrﬁéf ﬁdclll;d:cg %e\nﬁh1 n?]l; 1€"18r e;u{rﬁ}ﬂ 5}@/ eﬂﬂvxs'fn%ng% ters,
are not

and anal og- - conve gez_ evi
di gi t al rec 3 fa:ﬂ’@ l‘bﬁ ’ésgcppifftﬂﬁ vl Pﬁ@l%ﬂﬁasmtﬁéermﬁetdusgo and
the CPis rehmudd:ré;ﬁ@@t)on &ﬁ&mqmwtgnyi tridsﬁnis&ﬁlein\ftﬁé t‘wilklbtsamh'aﬂé 120b FFT

340, sel ect ; RS A lies an
I nverse DFTEI?)% b rfﬂ‘lg%%ﬁé gé{t?r act s% ﬁéﬁi‘&ﬁf\ﬁ% tgt gpﬁ“) eé%te @%@@f I 1/e
erasures f OQBW}\@ ugthersase.tthe puddly symbel 1ﬂ@a%$lﬁ"i m&setsﬂf(ssl%)otltqfeefdmep bits
390 and CQ digdls (RS)S1489blso ARowhras tpilet sigadls, Whitlare WRH| fok BRI b@@%béﬁer

functional i el .esti Lon i.on, decod] ng are
not shown f%‘lf EE"F eéjrg{}d%zg’ngh arfr:ei ﬁséltmahgﬁaﬁt E%fe?rta”a%rp?cﬁ‘\tlatf%‘r %ﬂ’r"p‘@gfé'?

expl anat i orﬁlmalstfﬁee’fﬂf@ﬁerﬁhq transmissom, BW mcludP&J&@&hﬁtﬂﬁ}amwss juoits, fwhich a UE
may be confwpueRiddithas mggrc:@bll&'k@'('ﬂﬁst fead E: t%sén%d%c@rbaur%{B
schedullngam%n@eu%’ﬁ(gl % t[ﬂic g er ['%? naling to t
reference UESTUS TREATEAR SR ajlo 3 Tt \F@P‘Wéé%"%%’b&%t ed
with the selbupUSCH thansPiiSEH. Armbsmmmmy zﬂsmbdmfemdnbmmrésb&csameﬁt ze of
the UL SA he higher layer signaling, regardless of the UCI presence in
t he PUSCH, only paranet ers associated wth data transm ssion are assuned to
be informed by the NGEWIasY ¢ Blogh ediagany fc frapmitter peiiass s fas §6AMAd wi t h
potential Ughnalingisitthssitanin G2 @odeh@(ﬂﬂsimﬂndﬁﬁ Paviil lﬂﬁséﬂogdmﬂ Qoddd! data
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type. For exanple, the target bit error rate (BER) for ACK/ ts is
typically much lower - 4 - than that of CQI/PM blts as, due to their
smal | nunber, the ACK/NAK bits are protected through repetiti on codi ng
whil e nore powerful coding nmethods are applied to CQ/PM bits. Mreover,
erroneous reception of ACK/ NAK bits has nore detrinmental consequences to
the overall quality and efficiency of the comunication than erroneous
reception of CQUPM bits. Therefore, there is a need to determ ne the
paramnmeters for the transm ssion of UCI signals in the PUSCH based on the
parameters for the transm ssion of data signals in the PUSCH Further,
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Accordi ngly, the present invention has been designed to solve the

above- nenti oned problens occurring in the prior art, and enbodi nents of the
i nvention provide an apparatus and a nmethod for allocating resources to the
transm ssion of control signals froma user equipnent in a sub-frane that

al so conveys transm ssion of data signals. In one aspect, a nethod
for a base station to assign to a user equi pnent (UE) conmunicating with

t he base station a nunber of coded control information synbols being
transmtted with coded data information synbols during the sane

transm ssion tine interval by the UE, the nethod including assigning, by
the base station, an offset to the UE,-Assigning, by t he base station, a
nodul ati on and codi ng schene for data information ("data MCS') to the UE,
transmtting the offset to the UE, and transmtting the datF Ngﬁ-i t he UE,
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second type basedj(gnbf&d”lﬁsﬁw(}@@mm‘ bart rédbﬁtxbﬂneeldﬁm&ylvﬁﬁt datacbitsr Fhisnist t i ng
the first or the second roI I oded
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i nformati on synbol s ng the sanme transm ssion tine |nterval by the UE

i ncl udes an assigning unit to assign a nodul ati on and codi ng schene for
data information ("data MCS') and an offset to the UE, and a transmtting
unit to transmt the data MCS and the offset to the UE, wherein the nunber
of coded control information synbols assigned to the UE for transm ssion of
control information is determ ned based on the data MCS and the offset.

In yet another aspect, an apparatus to assign to a user equi pnent (UE)
comunicating with a base station a first nunber of coded control
information synbols of a first type and a second nunber of coded control
|nf or mat i on synbol s of a second type the control i nfor ITB.tI on synbol s of
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I n yet another aspect, an apparatus for transnmitting coded contr ol

i nformati on synbols of a first type or coded control information synbols of
a second type and coded data i nformation synbols during the sanme

transm ssion tine interval, the - 7 - apparatus including a receiving unit
to receive a first offset, a second offset, and a nodul ati on and codi ng
schene for data information ("data MCS') from a base station, a conputing
unit to determ ne the nunber of coded control information synbols of the
first type based on the data MCS and the first offset and to determ ne the
nunber of coded control information synbols of the second type based on the
data MCS and the second offset, and a téansmitter unit to transmit the
coded control i nformati on synbols of the first type or the coded contro
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diagramillustrating an e ary ceiver in accordance with the
present invention. DETAILED DESCRI PTI ON OF THE EXEMPLARY ENMBODI MENTS
SUMMARY OF THE INVENTION

Accordingly, the present invention has been designed to solve the above-
mentioned problems occurring in the prior art, and embodiments of the invention
provide an apparatus and a method for allocating resources to the transmission of
control signals from a user equipment in a sub- ﬁame that also conveys transmlsswn
of data signals.

In one aspect, a method for a base station to assign to a user equipment (UE)
communicating with the base station a number of coded control information symbols
being transmitted with coded data information symbols during the same transmission
time interval by the UE, the method including assigning, by the base station, an
offset to the UE, assigning, by the base station, a modulation and coding scheme for
data information (“data MCS”)} to the UE, transmitting the offset to the UE, and
transmitting the data MCS to the UE, wherein the number of coded control
information symbols assigned to the UE for transmission of control information is
determined based on the data MCS and the offset.

In another aspect, a method for a base station to assign to a user equipment
(UE) communicating with the base station a first number of coded control
information symbols of a first type and a second number of coded control
information symbols of a second type, the control information symbols of the first



- 8 - The present invention now will be described nore fully
hereinafter with reference to the acconpanyi ng drawi ngs and tables. This

i nventi on may, however, be enbodied in many different fornms and shoul d not
be construed as |imted to the enbodi nents set forth herein. Rather, these
enbodi nents are provided so that this disclosure will be thorough and
conplete, and will fully convey the scope of the invention to those skilled
in the art. While the invention is explained in the context of a

SC- FDVA comruni cation system it also applies to other communi cation
systens, such as all FDM systens in general, and to OFDVA, OFDM FDVA,
DFT-spread OFDM DFT-spread OFDVA, sindle-carrier OFDVA (SC-OFDMR), and
single-carrier OFDM in partlcular The systen1and nmet hod of the

exenpl ary enbodi ts of resent in ion oblens related to
the heed f JFPRIEE 8F en%eﬁefdf UBe hr Ee e ol felavﬁwmsya al's
occurring tagwighthe winid ttahsmissian siths shervabfbya thtatle, sthg nakthod mhkadmgrre
Fovapt; on rarEase b B8tk Bldn b o TepRld é‘%ﬁgﬁﬁﬁéﬁﬁﬁlﬁwgﬁ%t he
reception rh thebese &tgtw@faamdaiagwgﬁaq? sodig sehstnsfor Ehﬁ a%eﬁgma%w(éﬁﬁaabu lity
anong di ff exserst?) toymesjmfna@gmtﬁ@ %) f@9PbBsct Snd tH0scbadnstiast deteupt eshdand

di ff t Ls to diffe
cont ol si g ng 0 SRRAGE g TRY (B, IRk o Culihier 1 hued XRERC! e
of the rmduhﬁnmhorandnlmsjome diestdyme 4vesyd o te Uhis c@mmiwd haseshen the

te )r(alns m tS|S' Ofhtd M enPlde @kt otk raﬁa ﬂ@@éb%bﬂ? h@lﬁbefcﬁfcoaé@&.{m MBS
pli ci

y t ed ot herw se, st,at Wi | | o apply
P o1 ool N St WSttt S o Serte S oA it atatiSa. od t &
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Transni ssi of.
mformat:on and transmitting the coded control information symbols with the coded

data information symbols.

In still yet another aspect, a method for determining, at a user equipment
| (UE) communicating with a base station, a first number of coded control information
" symbols of a first type and a second number of coded control information symbols of

a second type, the coded control information symbols of the first type or of the
second type being transmitted with coded data information symbols during the same
transmission time interval by the UE, the method including receiving a first offset
and a second offset from the base station, receiving a modulation and coding scheme
for data information (“data MCS™) from the base station, determining the first
number of coded control information symbols of the first type based on the first
offset and the data MCS, determining the second number of coded control
information symbols of the second type based on the second offset and the data MCS,
and transmitting the first or the second coded control information symbols with the
coded data information symbols.
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In another aspect, an apparatus fo assign to a user equipment (UE)
communicating with a base station a number of coded control information symbols
being transmitted with coded data information symbols during the same transmission
time interval by the UE includes an assigning unit to assign a modulation and coding
scheme for data information (“data MCS”) and an offset to the UE, and a
transmitting unit to transmit the data MCS and the offset to the UE, wherein the
number of coded control information symbols assigned to the UE for transmission of
control information is determined based on the data MCS and the offset. _

In yet another aspect, an apparatus to assign to a user equipment (UE)
communicating with a base station a first number of coded control information
symbols of a first type and a second number of coded controt information symbols of
a second type, the control information symbols of the first type or of the second type
being transmitted with coded data information symbols during the same transmission
time interval by the UE, the apparatus including an assigning unit to assign a first
offsct, a second offset, and a modulation and coding scheme for data information
(“data MCS™) to the UE, and a transmitting unit to transmit the first offset, the
second offset, and the data MCS to the UE, wherein the first number of coded
control information symbols of the first type transmitted from the UE is determined
based on the data MCS and the first offset, and the second number of coded control
information symbols of the second type transmitted from the UE is determined based
on the data MCS and the second offset.

In still yet another aspect, an apparatus for transmitting coded control
information symbols and coded data information symbols during the same
transmission time interval includes a receiving unit to receive a modulation and
coding scheme for data information (“data MCS”) and an offset from a base station,
a computing unit to determine the number of coded control information symbols
based on the data MCS and the offset for transmission of control information, and a
transmitter unit to transmit the coded control information symbols with the coded
data mnformation symbols.

In yet another aspect, an apparatus for transmitting coded control information
symbols of a first type or coded control information symbols of a second type and
coded data information symbols during the same transmission time interval, the
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apparatus including a receiving unit to receive a first offset, a second offset, and a
modulation and coding scheme for data information (“data MCS”) from a base
station, a computing unit to determine the number of coded control information
symbols of the first type based on the data MCS and the first offset and to determine
the number of coded control information symbols of the second type based on the
data MCS and the second offset, and a transmitter unit to transmit the coded control
~ information symbols of the first type or the coded control information symbols of the
- second type with the coded data information symbols.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of the present
invention will be more apparent from the following detailed description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a block diagram illustrating an exemplary sub-frame structure for
the SC-FDMA communication syslem;

FIG. 2 is a block diagram illustrating an exemplary SC-FDMA transmitter for
multiplexing data bits, CQI/PMI bits, and ACK/NAK bits in a transmission sub-.
frame;

FIG. 3 is a block diagram illustrating an exemplary SC-FDMA receiver, for
de-multiplexing data bits, CQI/PMI bits, and ACK/NAK bits in a reception sub-
frame; ' '

FIG. 4 is a block diagram illustrating decoupling of CQI MCS from data
MCS in accordance with an exemplary embodiment of the present invention;

FIG. 5 is a block diagram illustrating an exemplary embodiment of a base
station transmitter in accordance with the present invention; and

FIG. 6 is a block diagram illustrating an exemplary UE receiver in
accordance with the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS
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The present invention now will be described more fully hereinafter with
reference to the accompanying drawings and tables. This invention may, however, be
embodied in many different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the
invention to those skilled in the art.

While the invention is explained in the context of a SC-FDMA
communication system, it also applies to other communication systems, such as all
FDM systems in general, and to OFDMA, OFDM, FDMA, DFT-spread OFDM,
DFT-spread OFDMA, single-carrier OFDMA (SC-OFDMA), and single-carrier
OFDM, in particular.

The system and method of the exemplary embodiments of the present
invention solve problems related to the need for determining resources for
transmission of control signals occurring together with the transmission of a data
signal in the same physical channel without explicitly signaling these resources. The
reception reliability of control signals is largely decoupled from the reception
reliability of data signals. Moreover, the reception reliability among different types
of control signalsr is also largely decoupled and different amounts of resources may
be allocated to different types of control signals.

The determination of the resources, or equivalently of the modulation and
coding scheme (MCS), for the CQI/PMI signal transmission in the PUSCH is first
considered. For brevity, unless explicitly mentioned otherwise, all statements for the
CQI will also apply to the PMI. '

The CQiI MCS is assumed to not be explicitly indicated to a UE. This

" includes both cases where the PUSCH transmission is associated with a SA the Node
B transmits to the reference UE and is semi-statically configured through higher
layer signaling. Instead, the CQI MCS, which for a given number of CQI
information bits (CQI payload) simply corresponds to the number of coded CQI
symbols, is determined based on the MCS assigned for the data transmission in the
PUSCH.

An exemplary set of 16 MCS is listed in Table | in increasing order of
spectral efficiency. The MCS for the data transmission is explicitly configured either
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principles apply for the ACK/ NAK (or RI) transm ssion. Although at nost 2
ACK/ NAK i nformation bits are assuned to be transmtted, the equival ent

i ssue to the coding rate is the nunber of sub-carriers (REs) used for the
ACK/ NAK transm ssion (repetition coding of the I -bit or 2-bit ACK/ NAK
transm ssion). This nunber of REs is also assuned to be determined fromthe
MCS of the data transmission in the PUSCH Therefore, for the ACK/ NAK
transm ssion, the MCS sinply corresponds to the nunber of REs over which
the 1-bit or 2-bit ACIUNAK transm ssion is repeated. The CQ and ACK/ NAK
transm ssi ons need not both occur in tde- PUSCH during the sanme sub-frane.

dynamically through a SA or semi-statically through higher layer signaling as
previously discussed.
Table 1: Exemplary Set of 16 MCS for Data Transmission.

MCS Number | Modulation | Coding Rate
MCS1 QPSK 1/8
MCS2 QPSK 1/5
MCS3 QPSK 1/4
MCS4 QPSK 1/3
MCS5 QPSK 2/5
MCS6 QPSK 1/2
MCS7 QPSK 3/5
MCS8 QAMI16 2/5
MCS9 QAM16 1/2
MCS10 QAMI16 3/5
MCS11 QAMIS6 23
MCS12 QAM64 172
MCS|13 QAM64 3/5
MCS14 QAM64 213
MCS15 QAM64 3/4
MCS16 QAM64 5/6

Similar principles apply for the ACK/NAK (or Rl) transmission. Although at
most 2 ACK/NAK information bits are assumed to be transmitted, the equivalent
issue to the coding rate is the number of sub-carriers (REs) used for the ACK/NAK
transmission {repetition coding of the 1-bit or 2-bit ACK/NAK transmission). This
number of REs is also assumed to be determined from the MCS of the data
transmission in the PUSCH. Therefore, for the ACK/NAK transmission, the MCS
simply corresponds to the number of REs over which the 1-bit or 2-bit ACK/NAK
transmission is repeated. The CQl and ACK/NAK transmissions need not both occur
in the PUSCH during the same sub-frame.
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transm s . Table 2: Link of Data MCSto C | MS and to ACK/ NAK
Repetitions. A exemplary outline of the above process is described below:

Select target values for the data BLER (e.g., 20%), for the CQI BLER (e.g.,
5%), and for the ACK/NAK BER (e.g., 0.1%) and select a set of signal-to-
interference ratio (SINR) operating points.

For each SINR point, determine the highest data MCS achieving BLER equal
to or smaller than the data target BLER, the highest CQI MCS achieving BLER
equal to or smaller than the CQI target BLER, and the smallest number of
ACK/NAK repetitions achieving ACK/NAK BER equal to or smaller than the
ACK/NAK target BER.



SINR Point Data MCS CQ MCS ACK/ NAK Repetitions 1 MCSou MC Sci Al 2 MCSm
MCSe2 A2 :

1l

For each SINR operating point, link the above highest data MCS to the above
highest CQI MCS and the above smallest number of ACK/NAK repetitions. 1-bit
ACK/NAK transmission, for example, requires SINR that is 3 decibel(dB) smaller
than the SINR for 2-bit ACK/NAX transmission for the same target BER.

A reference transmitter/channel/receiver setup may be assumed such as, for
example, one UE transmitter antenna, two uncorrelated Node B receiver antennas, a
reference propagation channel, together with a reference data payload and CQI
payload. ' :

Table 2 describes the link between the data MCS and the CQI MCS or the
number of ACK/NAK repetitions. Using the example of Table 1, sixteen (16) CQI
MCS and sixteen (16) ACK/NAK repetitions may be defined (twice as many
repetitions apply for 2-bit ACK/NAK transmission relative to 1-bit ACK/NAK
transmission}.

Table 2: Link of Data MCS to CQI MCS and to ACK/NAK Repetitions.

SINR Point Data MCS CQIMCS | ACK/NAK Repetitions
1 MCSDI MCSC; Al

2 MCSDg MCSCZ Az

16 MCSDlé MCSCI6 AIG

Strictly linking the CQI coded symbols (MCS) or the number of ACK/NAK
repetitions with the data MCS forces a corresponding link between CQI BLER, the
ACK/NAK BER, and data BLER, which is generally not desirable. For example, the
Node B scheduler may choose a data target BLER from 10% to 40%, depending on
the application and/or the system conditions (latency, system load, etc.), but this
should not impact the CQI BLER or the ACK/NAK BER, which should be largely
independent of such considerations. In order to effectively decouple the CQI target
BLER and the ACK/NAK target BER from the data target BLER, an offset relative
to the nominal CQI MCS and an offset relative to the nominal ACK/NAK repetitions
associated with a specific data MCS may be semi-statically configured for the CQI
transmission and the ACK/NAK transmission in the PUSCH.
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indicate the next two higher numbers of repetitions. '

FIG. 4 illustrates an exemplary embodiment of the present invention for the
CQIl, but the same principle may be extended to the ACK/NAK or Rl in a
straightforward manner, the description of which is omitted for brevity. The UE is
either dynamically (through an SA) or semi-statically (through higher layers)
assigned the MCS it should use for the data transmission in the PUSCH 410. Then,
using the link to the data MCS 420, either through a Table or a linking equation, the
UE determines the nominal MCS for the CQI transmission 43¢ in the PUSCH.
Subsequently, using the CQI MCS offset the UE was assigned as part of the
configuration parameters for the CQI transmission (through higher layer signaling),
the UE adjusts the CQI MCS relative to the nominal CQI MCS based on the
indication from the CQI MCS offset. For the previous example of an offset specified
by 2 bits, the UE may select one of the four MCS indicated as MCS1 441, MCS2
442, MCS3 443, and MCS4 444.

FIG. 5 illustrates an exemplary block diagram of a Node B transmitter in
accordance with the present invention. In the exemplary embodiment, OFDM
transmission method is used for purposes of example and explanation only. The UCI
offsets as described above are determined in a computing unit 510 and may be
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Simlar to the schedul er choosing the MCS of the initial data transm ssion
to maxi m ze throughput when relying on HARQ process, the MCS of possible
retransm ssions may al so be chosen accordingly and rely on the fact that
previ ous data transm ssions have occurred. Therefore, for adaptive
retransm ssions, the schedul er may choose a different MCS and target data
BLER dependi ng on the redundancy version of the HARQ process. An offset
relative to the nom nal MCS may al so be configured for the CQ transm ssion
and/ or the ACK/ NAK transm ssion during data retransm ssions in the PUSCH.
As the nunber of retransmssions is typically small, only a small nunber of
such additional offsets may be configuri@ad for retransm ssions. If the
CQ target BLER is different than the PM (RI) target BLER, to avoid having
a separate link for the PM_ (RI) MS, the PM (Rlé MCS may be confi gured
with an of f BetMES|ibthoyld use fohthe X! wapsmissidnsingh¢ EESClbgndoan offset forithed from
}3 EERd! fffer emﬁﬁbé&eﬁf\&ewhitib}a@%&%ulameg% tlkg}f)bl(m&etﬁ]rﬁkﬂgﬁn inf tht per<eR :a{ get
is lower (or higher. ne, .t hi may. pol n 0 a
hi gher (or T%"!Ké’?)“’ %%altW%’\g‘e &P‘é’ﬁ?xﬂgwﬁfn?fsﬁ\é?mﬁﬁﬂepﬁmﬁé
present i nvdsteimonedinsthbbehtesthovatadi@Sdescri bed with reference to certain

| mbodi R, : d i
The art That varsoiks i SRl cobord BE MOSTEE Bl dab MRSHRTLL 6T ' "
wi t hout depBAEitee thighglpnd whsty relymgq oa cHARQ presrss, theeMED ofagossitle ned by

t he appendegttrahsiggions ﬂ;@)r alsaib¥schoden fccortinglg aEdrre@' dgﬁﬂﬁ ﬁ&@ﬂxh@ﬂeﬁi@u@iﬁ) ign f
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i nf or mat i onschgdrien may vhperg 2 differartnMES end ttarget date HLER depending LE, the he

met hod conpredhdagicy @&SiodiiMBe MAROISbcRNCAR LIRS relativl fo R hABinYEM@ESSi gni ng
a size of data §8bthefPE?gF§5r%ﬂ¢5§§I'§% .gyﬂﬁpe Rggﬁaaﬁﬁgﬁon, i.nf.ormation
regardi ng tH& AP° Pe&STHEHYT f 05 PRREESS BEO© &y UAIRSHEY by the
base st at i oduritgndasa meiranomissiogarinlithg PUSCHI Ae thé ndenber 06 rethanstdssionkds ei n t he
number of cogRAlF GRAIL, Aty NERAIMRIMOG F¥IICARIRHA] SRS hey bb Codtlauf @ for
retransmissions.
 Ifthe CQI target BLER is different than the PMI (RI) target BLER, to avoid
having a separate link for the PMI (RI) MCS, the PMI (RI) MCS may be configured
with an offset relative to the CQI MCS. This offset may be determined from the
difference between the CQI and PMI (RI) target BLERs. If the CQI target BLER is
lower (or higher) than the PMI (RI) one, this offset may point to a higher (or lower)
MCS for the PMI (RI) transmission.
While the present invention has been shown and described with reference to
certain exemplary embodiments thereof, it will be understood by those skilled in the
art that various changes in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the appended claims.



15

CLAIMS

1. A method for wireless communication, the method comprising:

identifying first offset information and second offset information;

receiving a scheduling assignment for transmitting uplink data; and

transmitting the uplink data with at least one of acknowledgement/non-
acknowledgement (ACK/NACK) information and channel quality indicator (CQI)
information on a physical uplink shared channel (PUSCH),

wherein a number of symbols for the ACK/NACK information is determined based on
the first offset information, and

wherein a number of symbols for the CQI information is determined based on the

second offset information.

2. The method of claim 1, wherein the scheduling assignment comprises modulation

and coding scheme (MCS) information.

3. The method of claim 2, wherein the number of symbols for the ACK/NACK
information and the number of symbols for the CQI information are respectively determined

based on the MCS information.

4. A method for wireless communication, the method comprising:

identifying first offset information and second offset information;

transmitting a scheduling assignment for receiving uplink data; and

receiving the uplink data with at least one of acknowledgement/non-acknowledgement
(ACK/NACK) information and channel quality indicator (CQI) information on a physical
uplink shared channel (PUSCH),

wherein a number of symbols for the ACK/NACK information is determined based on

the first offset information, and
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wherein a number of symbols for the CQI information is determined based on the

second offset information.

5. The method of claim 4, wherein the scheduling assignment comprises modulation

and coding scheme (MCS) information.

6. The method of claim 5, wherein the number of symbols for the ACK/NACK
information and the number of symbols for the CQI information are respectively determined

based on the MCS information.

7. An apparatus in a user equipment (UE) for wireless communication, the apparatus
comprising:

a receiver configured to receive a scheduling assignment for transmitting uplink data;
and

a transmitter configured to transmit the uplink data with at least one of
acknowledgement/non-acknowledgement (ACK/NACK) information and channel quality
indicator (CQI) information on a physical uplink shared channel (PUSCH); and

a processor configured to identify first offset information and second offset
information, to determine

a number of symbols for the ACK/NACK information based on the first offset
information, and to determine

a number of symbols for the CQI information based on the second offset information.

8. The apparatus of claim 7, wherein the scheduling assignment comprises modulation

and coding scheme (MCS) information.

9. The apparatus of claim 8, wherein the number of symbols for the ACK/NACK
information and the number of symbols for the CQI information are respectively determined

based on the MCS information.
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10. An apparatus in a base station for wireless communication, the apparatus
comprising:

a transmitter configured to transmit a scheduling assignment for receiving uplink data;
and

a receiver configured to receive the wuplink data with at least one of
acknowledgement/non-acknowledgement (ACK/NACK) information and channel quality
indicator (CQI) information on a physical uplink shared channel (PUSCH); and

a processor configured to identify first offset information and second offset
information, to determine

a number of symbols for the ACK/NACK information based on the first offset
information, and to determine

a number of symbols for the CQI information based on the second offset information.

11. The apparatus of claim 10, wherein the scheduling assignment comprises

modulation and coding scheme (MCS) information.

12. The apparatus of claim 11, wherein the number of symbols for the ACK/NACK
information and the number of symbols for the CQI information are respectively determined

based on the MCS information.



