CONTROL AND DATA MULTI PLEXI NG | N COVWUNI CATI ON SYSTEMS BACKGROUND OF THE

| NVENTI ON Field of the Invention The present invention is directed,

i n gener avp 20@/08p182| ess conmruni cati on systens and, norePspaR2bom@mbizg, to
mul tiplexing control and data information in Single-Carrier Frequency
Division Multiple Access (SC- FDVA) conmuni cation systens. 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) signa1%'together with data information
signals in a SC FDVA commruni cati ons system and is further considered in the
devel opnment of t ;ﬁ n i on,P

Uni versal Terre s -2ul 2 .
i nvention assunes the uplink (UL) CSYSIITEMSU on correspondl ng to the signal
transni ssion from nobile user equi pments (UEs) to a serving base station
(Node B). A UE, also commonly referred to as a termnal or a nobile
station, may be fixed or MBACKGROUNP OF EHHEH INVENTIRNI ce, a cellul ar
phone, a personal conputer device, a wireless nodemcard, etc. A Node Bis
generally a fixed station and may al so be referred to as a base transcei ver
system ( BTS), Eicldioﬁdrcslnpmiltmn or other term nology. Any conbination of
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cor r espon®¥8taRs- si gnal transmi ssion fromthe serving Node B to a UE. The CQ
signal transmtted froma reference UE is intended to informthe serving
-2 Node B of t e channel . condi ti ons the UE experiences for signal reception
in the DL, ena ofy S rf orm channel - dependent schedul i ng of
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referred dRrdpoddiRPYS| thelsighl ithis skl frohp asdile FidPeuipments (UEs) to a

serving 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 wireless 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 referred 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 incorrect,
respectively, data packet reception 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). Eawb 2869m0992820 furt her includes seven synbols, forpcerapbemooand 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 120b 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,-%hich are used for several purposes,
such as providing channel estl mat i on for coherent denodul ati on of the
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nunber, the ACK/ NAK bits are protected through repetition coding while nore
povverful codi ng nethods are applied to CQ/PM bits. Moreover, erroneous
reception of ACK/ NAK bits has nore detrinental consequences to the overall
quality and efficiency of the conmunication than erroneous reception of
CQ/PM bits. Therefore, there is a need to determ ne the paraneters
for the transm ssion of UCI signals in the PUSCH based on the paraneters
for the transm ssion of data signals in the PUSCH Further, there is a need
to prow de dlfferent receptlon rellablllty for the dlfferent types of UC

o 1 1S~ 1 e "



SUMVARY OF THE | NVENTI ON Accordi ngly, the present invention has been
desi gned to sol ve the above-nenti oned problens occurring in the prior art,
and enbodvoenis9efs7t he i nventi on provi de an apparatus amdT&RTBGIMDAS2EO0r

al l ocating resources to the transm ssion of control signals froma user
equi pnent in a sub-franme 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 the base station a nunber of coded control
information synbols being transmtted with coded data information synbol s
during the same transnission time inter¥al by the UE, the method including
assigning, by the base station, an offset to the UE assigning, by the base
station, a _nodul ation and codj ng heme for data.info i on
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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 of fset.



In yet anot her aspect, an apparatus to assign to a user equi pnent (UE)
comuni cating with a base station a first nunber of coded control

i nf or mat iwo 28¢aivedss of a first type and a second nunber pofi/KrRed@doc2at r ol

i nformati on synbols of a second type, the control information synbols of
the first type or of the second type being transmtted with coded data
informati on synbols during the sanme transm ssion tinme interval by the UE,
t he apparatus including an assigning unit to assign a first offset, a
second of fset, and a nodul ati on and coding schene for data infor matl on
("data MCS") to the UE, and a transmt‘t‘ing unit to transmt the first

of fset, the second offset, and the data MCS to the UE, wherein the first
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to receive a first offset, a second offset, and a nodul ati on and codi ng

scheme for data information ("data MCS") from a base station, a conputing

unit to deternmine the nunber SOMMARY OFTHE INVENTEONon synbol s of the
first type based on the data MCS and the first offset and to determ ne the
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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



FIG 5 is a block diagramillustrating an exenplary enbodi nent of a base
station transmtter in accordance with the present invention; and
FIG 6 isweabéowbesdi agramillustrating an exenplary UE PETAR2609/G00522
accordance with the present invention. -8 The present invention now
will be described nore fully hereinafter with reference to the acconpanyi ng
drawi ngs and tables. This invention may, however, be enbodied in many
different forns and should not be construed as limted to the enbodi ments
set forth herein. Rather, these enbodi nents are provided so that this
di scl osure wll be thorough and conpl et®; and will full y convey the scope
of the invention to those skilled in the art. VWhile the invention is
explained in th ont ext SC- EDVA co nication,system it als plies
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information, 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 to 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 control 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
offset, 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 information 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 system;

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 1s 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 signals 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
constdered. For brevity, unless explicitly mentioned otherwise, all statements for the
CQI will also apply to the PMI.

The CQI 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 1 in increasing order of
spectral efficiency. The MCS for the data transmission is explicitly configured either
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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
MCSI1 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 QAMI16 1/2
MCS10 QAMI16 3/5
MCS11 QAMI16 2/3
MCS12 QAM64 1/2
MCS13 QAM64 3/5
MCS14 QAMO64 2/3
MCSI15 QAM64 3/4
MCS16 QAM64 5/6

Similar principles apply for the ACK/NAK (or RI) 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 CQI and ACK/NAK transmissions need not both occur
in the PUSCH during the same sub-frame.
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To create a table linking the data MCS to the CQI MCS and the number of
ACK/NAK repetitions based on the exemplary approach, reference BLER and BER
operating points are needed. The nominal CQI MCS and number of ACK/NAK
repetitions may be defined to achieve respective reference BLER and BER relative to
the data MCS corresponding to a reference data BLER. Although, for brevity, a
single table is subsequently discussed, the CQI MCS and the number of ACK/NAK
repetitions may be linked to the data MCS through different tables or a linking
equation.

An 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.
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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 CQI MCS | ACK/NAK Repetitions
1 MCSDl MCSC] A1

2 MCSps MCSc; A,

16 MCSp 6 MCS¢is Al

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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As the Node B scheduler may, for example, choose a data target BLER larger
than 20% for a certain UE, the CQI target BLER may still remain at the desired
exemplary value of 5% by using an offset to specify a lower CQI MCS (i.e., lower
coding rate resulting in more CQI coded symbols) than the one resulting from the
link to the data MCS. Respective examples apply for other UCI signals.

As this variability in the target BLERSs relative to the reference ones is not
expected to be very large, a few bits may be used to specify the CQI MCS offset
relative to the CQI MCS obtained from the link to the data MCS. For example, using
2 bits to specify the CQI MCS offset, out of the corresponding 4 offset values for the
CQI MCS, one may indicate a higher MCS, two may indicate two smaller MCS, and
one may indicate the nominal MCS (obtained from the link to the data MCS). The
same applies for the number of ACK/NAK repetitions. One offset value may indicate
the next lower number of possible repetitions, one may indicate the nominal number
of repetitions (obtained from the link to the data MCS), and the other two may
indicate the next two higher numbers of repetitions.

FIG. 4 illustrates an exemplary embodiment of the present invention for the
CQI, 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 430 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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The nominal CQI MCS and the nominal number of ACK/NAK repetitions in
the PUSCH are directly linked to the data MCS in the PUSCH.
The data target BLER, the CQI target BLER, and the ACK/NAK BER are
decoupled within a range determined by the range of an offset parameter. During the
configuration of UE transmission parameters, a UE is also configured an offset for
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shoul d us‘eﬂthom offeetAcla'tNANOtmrﬁs‘Qﬂ MCSn This oiiserusgtbe db@nrm;ed tronthhe
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the 11 nk Fhictrge Hfd IR0 aha BMPAY) Qe R, 16 IR CO PR ST
of the i nloweal(oghighen) thas eV Rong thigiofset magmpapiuio ahieher EnloNgon
HARQ pr ocRrss fdriige MUB (R) RasphiBdiBnr et ransm ssions may al so be chosen
accordingly an on the fact, that prevjous ta tran ns have
occurred. Ther gY}Bfee%f‘efRfPse&Hé‘b‘t‘?‘WQHq@ﬁrb&ﬁ% ﬁl“%‘é’flcﬂﬁ'g destd %‘EWé@kﬂ g?re%?ytoc hoose
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dat a r et r frosiths spivin and scdpes fRUSGH.enfien ik definedbby thefappehdahslaimsi ons i s

typically small, only a small nunber of such additional offsets may be
configured for retransm ssions.



If the CQ target BLER is different than the PM (RI) target BLER to avoid
havi ng a separate |link for the PM (RI) MCS, the PM (RI) MCS may be

conf i gur estownadnogs7of f set relative to the CQ MCS. Thi s pafifisebosmysbe
determned fromthe difference between the CQ and PM (RI) target BLERs.
If the CQ target BLER is |ower (or higher) than the PM (Rl) one, this

of fset may point to a higher (or lower) MCS for the PM (RI) transm ssion.
Wil e the present invention has been shown and described with reference to
certain exenplary enbodi nents thereof, it will be understood by those
skilled in the art that various changééSi'n formand details may be nmade
therein without departing fromthe spirit and scope of the invention as

defined by the T - 15 - WHAT IS CLAIMED I S: 1. A
met hod for a bé@@oéfiggaﬁAW@@gn to a user equi pnent (UE) conmunicating
wi th the base station a nunber of coded control information synbols being

(ransri 3 41 cgded g )1 SRR SRS O S AP SRR

transm ssion tine
t he base stramuaratiag vath thetbase stabien BEjumber of codsd icgnirobinfiryndtion dyatels

tation, . [ ' . .t or mat | " dat.a. MCS"
Co t he LEDTE SnShia BRA cBAKY IR SEBEREGE iR JHAL ARG AR ol IRIAET Lo
to the URime interval hydhe i, theemathedeonyfristngied control information symbol s

i d to thedk.: 1 S$Si; f ijpf ormation i s determ ned
based on the GoraPNAE b LRI S51ioh AR f U hod of

based on the d . , : he nmethod of claim1,
wher ei n the coRtsgngnbyrihathass soinm s aodilatiemandornding sehemedpor glatd i ty

i nf or mat i pifornfddoh, (“4k MekepgareIE: ( ACK) / NonAcknow edgement  ( NAK) ,

Precoding Matri x I'ndex (PM)., an nk Indicator (R).
g transmlqtemg gheo fset to t e%lE; and (R)

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.

2. The method of claim 1, wherein the control information comprises at least
one of channel quality information (CQI), Acknowledgement (ACK)/Non-
Acknowledgement (NAK), Precoding Matrix Index (PMI), and Rank Indicator (RI).

3. The method of claim 2, wherein the number of coded control information
symbols corresponds to the highest MCS that achieves a signal quality that is equal
to or higher than a target signal quality for the control information.

4. The method of claim 2, wherein the number of coded control information
symbols corresponds to the smallest number of repetitions that achieves a signal
quality that is equal to or higher than a target signal quality for the control

information.

5. 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 type or of the second type



3. The method of claim2, wherein the nunber of coded control information
synbol s corresponds to the highest MCS that achieves a signal quality that
i s equal wo2009/dmgher than a target signal quality for trhe/KrRewDs22
i nformation. 4. The nmethod of claim 2, wherein the nunber of coded
control information synbols corresponds to the small est nunber of
repetitions that achieves a signal quality that is equal to or higher than
a target signal quality for the control information. 5. A nethod for
a base station to assign to a user equi Errent (UE) conmunicating with the
base station a first nunber of coded cdftrol information synbols of a first
type and a second nunber of coded control informati on synbols of a second
type, the control informati s of. the of the.second
type - 1B°108 H@Pﬂaltﬁda%gﬁw&%ﬁ%ﬂ ormaken §¥rge rﬁ%ﬁaaf@?éﬁn@g%ngssm. ng
t he sane tlmgﬁﬁmmh EpmhéUmthmeﬂma:cqohyprtsh% TIE, the net hoddcorrFrl si ng: )
assi gni ng, yt e bas ation i set .an nd Q ~to the
U Sesi gni g, “BNETRE 108 vafasnlan. 4t lisdnd seeand SHRGodRER: For the
dat a i nf or mat i assigdidgt lay MeShiset watidie alnpdtlasios mindt dading behdnme $dr thefdaet and
t he secon . : ansmtting the data MCS to the UE,
wher ei n th rHar%f;f) (gngﬁcgﬁtggtggé}%ontrol informati on synbols of the first
type assigned transmétlwthesﬁlﬂeoﬁmhanédlhﬁbwedd@rﬁfscht@ thaflH;MD8 and the first
of fset, and thg ﬁplq%mérﬁwugﬂﬁsg fagq gontrol information synmbols of the
gne [

second type a55| s deterni ned based on the data MCS and the
second of f set . wherein the firstheumbemet] ceded: pentralsinfeumativinnsyrheols adeltie dost r ol

i nf or nat i gze%y b Srohe UT?lsfde'i&J}nlhé’cPEas‘éﬁrH?fﬂhé Ra AT hn AIHR filsy offStO4 Rt | ON
(cQ), t he coded contral sy of the second {ype conprise
Acknow ed ﬁﬁ?ﬂnd(mqwfﬁﬂéﬁ‘il\Swté‘éigléfﬁfﬁta“@NAK?‘bOIS of ¢ eS?co tYPe ReHenest

det er m ni RGhe YE B déS@ iR byl bin th/EhtaMOSHICHAE isB&bnd dffised. 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 nethodé6cdmermethod of claim 5, wherein the coded control information symbols of

the first type comprise channel quality information (CQI), and the coded control
symbols of the second type comprise Acknowledgement (ACK)/Non-
Acknowledgement (NAK).

7. A method for determining, at 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, the method comprising:

receiving an offset from the base station;

receiving a modulation and coding scheme for data information (“data
MCS?”) from the base station;

determining the number of coded control information symbols based on the
received data MCS and the offset for transmission of control information; and

transmitting the coded control information symbols with the coded data

information symbols.

8. The method of claim 7, wherein the control information comprises at least
one of channel quality information (CQI), Acknowledgement (ACK)/Non-
Acknowledgement (NAK), Precoding Matrix Index(PMI), and Rank Indicator(RI).



receiving an offset fromthe base station; recei ving a nodul ati on and
codi ng schene for data information ("data MCS') fromthe base station;
det er m niwg 20éve09msmber of coded control information synpolrkrrasmadon t he
recei ved data MCS and the offset for transm ssion of control information;
and transmtting the coded control information synbols wth the coded
data information synbol s. 8. The nethod of claim 7, wherein the
control information conprises at |east one of channel quality information
(CQ), Acknow edgenent (ACK)/NonAcknow edgenent (NAK), Precoding Matrix

I ndex(PM ), and Rank Indicator(Rl). =177 - 9. The method of claim
8, wherein the nunber of coded control information synbols corresponds to

t he hi ghest that achieves .a sigpal _quality that is equal to or higher
than a target ig’lﬂ‘oﬂmG&‘QFii‘{ff?‘PB’r §iW it um]a?ro(pt%ﬂ}qeg_rppntrol mf_omlﬁi.lonl'he
net hod of syghtRil§nc8rre oRAS itd thdRighusiIIC P that aokidvePA sighlal {4 1ak tBAT RreqaylTbol s
corresponds Lho%ﬁegz smal | est . nunber etiti ins t hat achi eves a signal

.of
qual ity tRaTH ]iﬁ%ﬂafaéggr“ﬂ}aéﬂﬂ?mg’#&%t Gontepd inforgRIN- qual ity for the

control information. 11. A method for determining, at a user

equi pnrent (UE) ,g0 nicating with a.,base station fjrst nu r of..coded
control infor n‘éﬁl gﬂ% &%ﬁ%(? gggl@ng%f, iwlhsefelfly}%%n‘élﬁl e‘éoé%%dgﬂdzoﬂﬂ'ﬁgb O YYed
cont r ol isynoralmtcooassyms diosthef sraalbest oruhiey pef, replettionsd dohit cwhiaveb d sifgnahat i on
synbol s of  +4: i r . o] e.:bein Eansm tit e j
coded dat. ualth?lfc{??rt;? % ghﬁggﬁgo?rgﬁl%@?négﬁ hgdtggre ?Elgé\lsﬁ]u&slé' 0?1&; ?ﬁﬁe%lomréfr]val
by the UHBnfermativst hod conprising: receiving a first offset and a second
of fset fromthe base station; recei ving a nodul ati on and codi ng

schene for data_information ("data MCS') fromthe base station; =
11. 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 comprising:

recelving 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.

12. The method of claim 11, wherein the coded control information symbols
of the first type comprise channel quality information (CQI), and the coded control
symbols of the second type comprise Acknowledgement (ACK)/Non-
Acknowledgement (NAK).

13. An apparatus to assign to a user equipment (UE) communicating with a

base station a number of coded control information symbols being transmitted with



determning the first nunber of coded control information synbols of the
first type based on the first offset and the data MS; det er m ni ng
t he secomonruepnmp28ef coded control information synbol s eCTiKReawesed t ype
based on the second offset and the data MCS; and transmtting the
first or the second coded control information synbols with the coded data
I nformati on synbol s. 12. The nmethod of claim 11, wherein the coded
control information synbols of the first type conprise channel quality
information (CQ), and the coded control synbols of the second type
conprise Acknow edgement (ACK)/ NonAcknd®#-edgenent (NAK). 13. An
apparatus to assign to a user equipnent (UE) communicating with a base

station a n r of coded control information synbols being transmtted
with - 1% -egbégaeealfaapaﬂ?rhﬁzsmﬁg& @lehfowgnw@tviﬂalﬁsw@ Gmainioriflan 48 on
time int eUE¥athebipphreusdomplingppar at us conpri si ng: an assigning unit

t i dul at i d.codi ng. scheme for. data infarmtion (“data MS'
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and t he omfaetation (t'deta ME S”) and anmbifsceito tHehEEnander of coded contr ol
information s I i an h E .f.or ansm ssi-on, of r ol
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information is ermn ased on ata e ofrset?”’ 14.
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14. The apparatus of claim 13, wherein the control information comprises at
least one of channel quality information (CQI), Acknowledgement (ACK)/Non-
Acknowledgement (NAK), Precoding Matrix Index (PMI), and Rank Indicator (RI).

15. The apparatus of claim 14, wherein the number of coded control
information symbols correspond to the highest MCS that achieves a signal quality
that is equal to or higher than a target signal quality for the control information.

16. The apparatus of claim 14, wherein the number of coded control
information symbols corresponds to the smallest number of repetitions that achieves
a signal quality that is equal to or higher than a target signal quality for the control

information.

17. 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 control 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 comprising:

an assigning unit to assign a first offset, 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,



15. The apparatus of claim 14, wherein the nunber of coded control

i nformati on synbols correspond to the highest MCS that achi eves a signal
qual ity twetwesoversaal to or higher than a target signal pguatr2049/d00322t he
control information. 16. The apparatus of claim 14, wherein the
nunber of coded control information synbols corresponds to the small est
nunber of repetitions that achieves a signal quality that is equal to or

hi gher than a target signal quality for the control infornation. 17.
An apparatus to assign to a user equi prrsnt (UE) conmunicating with a base
station a first nunber of coded controll”i'nformation synbols of a first type
and a second nunber of coded control i nformati on synbol s of a second type,
the control informti rrbol irst type of the o) e

bei ng transm tY"g'ﬂre\ffi‘ tﬂ(f‘)u f&% fﬁ?‘i‘?‘{rﬁ?'ftf)‘?f ‘é@?fﬂ?ﬂ L gt tﬂ Hép

t ransm ssype ttanmltiteni ﬁromalthé)m hedhErmﬁrmd byedrat tise damIpM(éS ragd the first an
assignin ni t assi a fi rst off ond off ti on
and codi %btlfl hposrecg%c{g fI}?fe{) 8‘2 C?négf R/r&at OI]t ROIQLS% e rggggﬁda
transmit ttypg tnansmlttecoi fromnthei ItJEtlheletarrrmnedobsisdtqn ﬂahedas:eM(aH apidf thetsecemt t he
data MCS (@ the UE, - 19 - wherein the first nunber of coded control
i nformation synbols of the first type transmtted fromthe UE is determ ned
based on the data MCS and the first offset, and the second nunber of coded

control infor mPé' Oﬁrhé a;sf%faugfoft E‘lﬁnﬁeP@”q/hEVé?ﬁ thég]glfdzut t&stedir Hﬁ‘bﬁﬂﬁxdrlE i's

det er mi ned based he second

appar at ussysbads af FhelfrfSt Wf@r@nﬂpm%‘i’e‘?l@@ﬂ%‘d‘lm iprmnafen (eRlb ﬁngﬁ%éf)@edof t he

first ty%n%myn%lgh@mﬁé Steahd t typeNESMpPHLE ORcKkdddbdg@néntt A CKOATEn-
control nbol s g herqs\le d type conprise Acknow edgenent

(ACK)/No 19. An apparatus for transmtting
coded control information synbol s and coded data information synbols during

th t i t th t
Fecer ving. unit 1o MECEPUES MiatiarhPS Sababan P EREHER Y ymbals and’
i nf or mat i eled"dtas dnfdemiajioansymabolofdusimig flrcosarme esBnBisidn ¢ime intervalathe

conputin unlguto deger ne the nunber of coded control information synbols

based on TRE Al & U%d the of fset for transm ssion of control

i nformati on; aadreceiving 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 information symbols.

20. The apparatus as in claim 19, wherein the control information comprises
at least one of channel quality information (CQI), Acknowledgement (ACK)/Non-
Acknowledgement (NAK), Precoding Matrix Index (PMI), and Rank Indicator (RI).

21. The apparatus of claim 20, wherein the number of coded control
information symbols corresponds to the highest MCS that achieves a signal quality
that is equal to or higher than a target signal quality for the control information.

22. The apparatus of claim 20, wherein the number of coded control
information symbols corresponds to the smallest number of repetitions that achieves



atransmtter unit to transmt the coded control information synbols with
the coded data information synbols. 20. The apparatus as in claim
19, wher ewo 200p09emnt rol i nformation conprises at | east ®oE/KR20chmmE2e|
quality information (CQ ), Acknow edgenent (ACK)/NonAcknow edgement ( NAK),
Precoding Matrix Index (PM), and Rank Indicator (RI). 21. The
appar atus of claim 20, wherein the nunber of coded control information
synbol s corresponds to the highest MCS that achieves a signal quality that
is equal to or higher than a target si ggal quality for the control

i nformation. 22. The apparatus~ ot "cl ai m 20, wherein the nunber of
coded control information synbols corresponds to the small est nunber of

repetitions. that hieves - 20 - a sigpal quality that j. ual to o

i her ¢ et avdty GG aduali ox icPor Hne e Setdl thalufitdhe oRudl g
An appar ainfiernfadiont r ansm tti ng coded control information synbols of a first
type or coded control information synbols of a second type and coded data
i nformation synbols during the sane transm ssion tine interval, the

appar at us conpBsiAg:apparatus forr eamimvittmg tadaed tontracmiferenadiohi sysnbalf fdet , a
second of i . | C f | f tq
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nunmber of infereagionosymbolsi deangrethe osanes itsaismission Himg jintervaly fhe ppathten t he
data MCS hdigefirst offset and to determ ne the nunber of coded control
i nformation synb%l s of the second type based on the data MCS and. the second
of fset; and ~ areceivipganirprecsivanifistadiser. anseapad phacte auda neeshiatign and
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synbol s of the second.tyge.wlt t he.coded data inforpation symol s. .
24. The appar af OTRUGNE UK 1 SSeTRing ey nEAMDEE RetedsshePyrol migimian
synbol s odynitids bf tiet filsy Beedsuypd of @he HaardICSoaral the)firsndMsdrant 8 def@nine and

the coded, contiiol SHIHOLS Sl NS RR5R0Y shHRSILCSPR 82T IR SaeTP e
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.

24. The apparatus as in claim 23, wherein the coded control information
symbols of the first type comprise channel quality information (CQI), and the coded
control symbols of the second type comprise Acknowledgement (ACK)/Non-
Acknowledgement (NAK).



