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| NVENTION Field of the Invention The present invention is directed, in
general , wo 20wm@bm3s conmuni cation systens and, nore speciTfKrRa69/0p05220

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
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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
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systems.

Description of the Related Art

The present invention considers the transmission of positive or negative

acknowledgement signals (ACK or NAK, respectively), channel quality indicator
(CQI) signals, precoding matrix indicator (PMI) signals, and rank indicator (RI)
signals together with data information signals in a SC-FDMA communications
system and is further considered in the development of the 3" Generation Partnership
Project (3GPP) Evolved Universal Terrestrial Radio Access (E-UTRA) Long Term
Evolution (LTE). The invention assumes the uplink (UL) communication
corresponding to the signal transmission from mobile user equipments (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



system which corresponds to signal transm ssion fromthe serving Node B to
a UE. The CQ signal transmtted froma reference UE is intended to inform
t he serviwgNoeobrsef t he channel conditions the UE expewrcenaesodmos2ai gnal
reception in the DL, enabling the Node B to perform channel - dependent
scheduling of DL data packets. The PM/Rl signals transmtted froma
reference UE are intended to informthe serving Node B how to conbi ne the
transm ssion of a signal to the UE frommnultiple Node B antennas in
accordance with the nultiple-input nmultiple-output (MM principle. Any
one of the possible combinations of ACENAK, CQ, PM, and R signals may
be transmtted by a UE in the sane transmission tinme interval (TTl) with
data transm ssion or in a separate TTl w thout data transm ssion. The
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sub-carrier m | so b referred 0.as a resource el enent
%I&. P 1l?ustrates a -frame = structure assumed 1n the exemplary

embodiment of the invention. The sub-frame 110 includes two slots (120a, 120b).
Each slot 120 further includes seven symbols, for example, and each symbol 130
further includes of a cyclic prefix (CP) (not shown) for mitigating interference due to
channel propagation effects. The signal transmission in the two slots 120a and 120b
may be in the same part, or it may be at two different parts of an operating bandwidth
(BW). Furthermore, the middle symbol in each slot carries transmission of reference
signals (RS) 140, also known as pilot signals, which are used for several purposes,
such as providing channel estimation for coherent demodulation of the received
signal, for example. The transmission BW includes frequency resource units, which
will be referred to as resource blocks (RBs). In an exemplary embodiment, each RB
includes 12 sub-carriers, and UEs are allocated a multiple N of consecutive RBs 150
for PUSCH transmission. A sub-carrier may also be referred to as a resource element
(RE).

An exemplary block diagram of transmitter functions for SC-FDMA
signaling is illustrated in FIG. 2. Coded CQI bits and/or PMI bits 205 and coded data
bits 210 are multiplexed 220. If ACK/NAK bits also need to be multiplexed, data
bits are punctured to accommodate ACK/NAK bits (230). The Discrete Fourier
Transform (DFT) of the combined data bits and UCI bits is then obtained (240), the



(RE). An exenplary block diagramof transmtter functions for SC FDVA
signaling is illustrated in FIG 2. Coded CQ bits and/or PM bits 205 and
coded datwolwasw2B0 are mul tipl exed 220. If ACK/ NAK bi t CalkReo0va®0s220 be
mul ti pl exed, data bits are punctured to acconmpdate ACK/ NAK bits (230). The
Di screte Fourier Transform (DFT) of the conbined data bits and UCI bits is
then obtained (240), thesub-carriers 250 corresponding to the assigned
transm ssion BWare selected (255), the Inverse Fast Fourier Transform
(IFFT) is perfornmed 260, and finally the cyclic prefix (CP) 270 and
filtering 280 are applied to the transm tted signal 290. For brevity,
additional transmtter circuitry, such as digital-to-anal og converter,

analogfllters lifiers, and transmtter antepnas not il l ted.
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ass gnr’rent 4&1@ CBrlstrggl%ldgd (Qg&h ubséicﬁlently, the receiver unit applies an FFT 340,
selects the sub-carriers 350 used by the transmitter (355), applies an Inverse DFT
(IDFT) 360, extracts the ACK/NAK bits and places respective erasures for the data
bits (370), and de-multiplexes (380) the data bits 390 and CQI/PMI bits 395. As for
the transmitter, well known receiver functionalities such as channel estimation,
demodulation, and decoding are not shown for brevity and are not considered
material for purposes of explanation of the present invention.

PUSCH transmission from a UE may be configured by the Node B through
the transmission of an UL scheduling assignment (SA) or through higher léyer
signaling to the reference UE. In either case, in order to limit the overhead associated
with the setup of the PUSCH transmission and to maintain the same size of the UL
SA or the higher layer signaling, regardless of the UCI presence in the PUSCH, only
parameters associated with data transmission are assumed to be informed by the
Node B to the reference UE. Parameters associated with potential UCI transmission,
namely the resources allocated to UCI transmission, in the PUSCH are not specified.

UCI bits usually require better reception reliability than data bits. This is
primarily because HARQ typically applies only to data and not to UCI. Additionally,
UCI bits may require different reception reliability depending on their type. For
example, the target bit error rate (BER) for ACK/NAK bits is typically much lower



signaling to the reference UE. In either case, in order tolimt the
overhead associated with the setup of the PUSCH transm ssion and to
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regardl ess of the UCI presence in the PUSCH, only paraneters associ ated

Wi th data transm ssion are assuned to be inforned by the Node B to the
reference UE. Paraneters associated with potential UC transm ssion, nanely
the resources allocated to UCI transmi ssion, in the PUSCH are not
specified. UCI bits usually require better reception reliability than data
bits. This is primarily because HARQ ty‘b'rcal ly applies only to data and not
to UCI. Additionally, UCl bits may require different reception reliability

dependi ng o0 hei Far exanple, the target bit errag BER) for
ACK) NaK. D18 thel ﬁﬁf@@fw B ke . theI. Sl iimber. ghe éé'ﬁéﬁ%ﬁbﬁt%a . due
todt hei \rNn prosddtedthideth repbﬁu&%d NAK \Mhl}]élg@f@p@wa’(f&lcé(ﬁﬂng Afeolugls arreagplnéd on
codi ng p codi ng nethods are a its.

Mor eover , J‘e%’r@ﬁﬁ%@! gﬁ%c&[;?riﬂ%erofegfwmﬁ%‘?&“&“hEE ‘%@W %ltaél more
conseque ndﬁsnmantetl lenmgmeatds tquhe lot/yraelimilaht)f and effoyerndy dfithe commumicatioron

t han e_rro&[%ﬁléioglgg& Iiegé)lﬂ‘ f @i@%l t?k Therefore, there is a need to

det er m ne € parare ransm SSI on of UCl signals in the PUSCH
based on the pdherefores 1_=het©rs 1 heed roadeiaingioe dlne pdravetears $omgthalteansmisshen GUSCH.

Further, U@rs‘? ?"ﬁbg? q’lﬁ@b rgé@egte%lfhﬂé%g%ﬁ%e& drg ptthquarnngﬁpdd 0?¥ia or tge

di fferent tye Si In i tional erels a nee
to mnim ngnqlhemsﬂmmgﬂsggo@m@adthem igea enosil nion grevide pdifferant ereseption t he

transmi sze@lﬁbmty drf he 'ﬂ?f@éreﬁﬁ’@%@s 8f UdTsigla@h@ the PUSCHE. ARHbnaalyMRRYjOF THE

| NVENTI ON Accordingly, the pr esent i nvent i.on has been designed to sol ve the
abovement # ¢& %rn@mra}%@ @e&agrm mg Pyerhead fon detenpining e paBBYiGTRAPS e t he

I nvent i ontrpis@yisslen endaRRaialpés FMJCRsighhRAA theoPUSOHRCat i ng resources to the
transm ssion of control signals froma user equipnment in a sub-frane that

al so conveys transm ssion of data signals.
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-frame that also conveys transmission
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



In one aspect, a nethod for a base station to assign to a user equi pnent
(UE) conmmunicating with the base station a nunber of coded control

i nf or mat iwo 28¢amveiss being transmtted with coded data i rComRbIoOORYNDOI S
during the sanme transm ssion time interval by the UE, the nethod including
assigning, by the base station, an offset to the UE, assigning, by the base
station, a nodul ation and coding schene for data information ("data MCS")
to the UE, transmtting the offset to the UE, and transmitting the data MCS
to the UE, wherein the nunber of coded control information synbols assigned
to the UE for transmission of control ihformation is determ ned based on
the data MCS and the offset. In another aspect, a nethod for a base station
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second of e seepndQfisehot her aspect, a et hod for determning, at a user
equi prent  (UE) it 9enuidthet hdp@ciiid thethdBsst &dtainhifihg, At RUIRereqipmade@gont r ol

RS SR R b e G
recei vi ngbeing ahhsnaittetinwith tbdedodae irfoanation syrabels\dufiggaherosiit atahomissiuth
codi ng Sctri]r%gI%nIe?'\r/aldg}; "i]hel @tho’rtlg%tlingtrﬁoﬁ" %%Iu%ing 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.
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.



MCS') fromthe base station, determ ning the nunber of coded control
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i nformati on synbols with the coded data information synbols. In still yet
anot her aspect, a nethod for determ ning, at a user equi prment (UE)

comuni cating with a base station, a first nunber of coded control

i nformati on synbols of a first type and a second nunber of coded control

i nformati on synbols of a second type, the coded control information synbols
of the first type or of the second typé‘bei ng transmtted with coded data
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| nfor mat Itl%[l]e ?ﬁ/terval %y tLe 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



a second type, the control information synmbols of the first type or of the
second type being transmtted with coded data informati on synbols during
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assigning unit to assign a first offset, a second offset, and a nodul ati on
and coding schene for data information ("data MCS') to the UE, and a
transmtting unit to transmt the first offset, the second offset, and the
data MCS to the UE, wherein the first nunber of coded control infornmation
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
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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



second type with the coded data information synbols. BRI EF DESCRI PTI ON OF
THE DRAW NGS The above and ot her aspects, features, and advantages of the
present iwoentvomss || be nore apparent fromthe fol |l owrog/rk@i/doest2
description taken in conjunction with the acconpanying draw ngs, in which:
FIG 1 is a block diagramillustrating an exenplary sub-frame structure for
the SC-FDVA conmuni cation system FIG 2 is a block diagramillustrating an
exenplary SC-FDVA transmitter for nultiplexing data bits, CQ/PM bits, and
ACK/ NAK bits in a transm ssion subframe; FIG 3 is a block diagram
illustrating an exenplary SC-FDVA recei%er, for de-nultiplexing data bits,
CQ/PM bits, and ACK/NAK bits in a reception subfranme; FIG 4 is a block

diagramillustrating decoupling of mdata i.n accordange with
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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



O-DM
t he present

in particular. The system and nethod of the exenplary enbodi nents of
i nvention solve problens related to the need for determ ning
resour ceswbanowmaassni ssi on of control signals occurri ngpcogazherooes2eh t he
transm ssion of a data signal in the sane physical channel wi thout
explicitly signaling these resources. The reception reliability of control
signals is largely decoupled fromthe reception reliability of data
signals. Moreover, the reception reliability anong different types of
control signals is also |largely decoupled and different amounts of
resources may be allocated to different”iypes of control signals. The
determ nation of the resources, or equivalently of the nodul ati on and
codi ng schene / PM. & ﬂ %¥ on in the PUSCH i s
ULBIY
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st at enment prefvarustyhdisc@kedsi | | al so apply to the PM The CQ MSS is assurred
to not be expl Il—(!‘ibfhyﬂ)&g{ G2k gett?}gl\5§ fThbs If?Lg%e%quEE cases where the

PUSCH t ransm ssion i's mts to the
reference UE and is senl%é€Sﬂﬂwab@y cbhkmgmmad tCudingRakd gher | ayer
signaling. Instead, the , ic a gl nunber of CQ
information bits (CQ péﬁﬁuﬁu, S+pl Bféﬁf es“mﬁ%]*o t+he—nyinber of coded
CQ synbols, is determ ndMICBased on [ QESKCS aswl@fned for the data
transm ssion in the PUS( exenpl t of MCS is lijsted in Table 1
in increasing order of jr\'@(gt Fat—ef-H a@éﬁ;ie Thjlﬁ for—the data
transnission is explicii|MC8énfi guredQBSKherdyndt/ﬁ cally t hi ough a SA or
sem -statically through|gj r |ayer l'ing previ ousl y di scussed.
Table 1. Exem |l ar Set of Mggﬁfcs for ?gf&rr ansr?zso. or—SHm{ | ar principl es
apply for the ACK/ NAK (oM@EB9 transn QBSEn. Al tHalgh at nost 2 ACK/ NAK
information bits are ass to be tr tted, e equi valent issue to the
coding rate is the nunb‘,fm;.g7aub car .@E?g (REs 3?j§sled for—the ACK/ NAK

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.



transm ssion (repetition coding of the 1-bit or 2-bit ACK/ NAK

transm ssion). This nunber of REs is also assuned to be determ ned fromthe
MCS of t hwodatsnprsansm ssion in the PUSCH Therefore, f®CTIHRR0AGEHIINAK
transm ssion, the MCS sinply corresponds to the nunber of REs over which
the 1-bit or 2-bit ACK/NAK transm ssion is repeated. The CQ and ACK/ NAK
transm ssi ons need not both occur in the PUSCH during the sanme sub-frane. An
exenpl ary approach for determning the CQ MCS and/ or the nunber of ACK/ NAK
repetitions fromthe data MCS in the PUSCH is to use a table |Iinking each
possi ble CQ MCS and/or the nunber of - MR/ NAK repetitions to a data MCS.
Such a table is needed because the CQ payload, coding rate, and target

bl ock error rate (BLER) are typically differen he. cor.r espondi ng ones
Por the tata. e EammmAnReodD: of eterioiRatss LGS o Se s BRBease, °t he
dat a maly ,cbeKt/viltIo répedides timﬂ_tha\datﬁMcas; QﬂtthBlPEFSCaIFICBiE ng 110% wgbilé g!}'nkh% cQ
may apply cpnvol.uti codi ng, and have arqun

Ther ef or eeyacﬁwgs%glieaeﬁﬁh/l%ang)éxﬁﬂl&q nﬂlggﬁlﬁf ‘gglt@;\gﬁ%a{ﬁ% Hang O\f\’jq%a M%S's ane
MCS. HoweSimh,a tebdaiis mgpdad fhiexadertht &iQlopayieidymedirtghate and thegey ®lodRLEF@Nnd
the CQ t de e
determ nerg{e?ﬁ%%ﬁiﬁe%%g{@cpmgfg%fgétn%[%? %’naﬁssigﬁ%é)‘@gé“g%ff’g@ d%% 1Elhlf:nber

of ACK/ Nakdmedpdds fardhe At/ NodKdetnemassied i n a simil ar manner given a target
ACK/ NAK BER. T ki f{\/g& t he
nunmber of ACK/ Rﬁlﬁé@gﬁete ﬁh}e%%i?ﬁaagg%' tgg()(% ?@‘%%%P@%E%‘%{%%E re el?@?\ce
BLER and 28R whide 4he KQboran spply ecomvebisibnalrigaceding rrad Bﬂ}e rasrgaidBBhbERber of

ACKI NAK' r£ogid 529 BhdRiorbeudeddihed dt @Q@?&hﬁ&@bé Q?ﬁ%&ltlﬂ} YRnsRhesenafh BlER and
BER relative to the data MCS corresponding to a reference data B

LER.
Al t hough,safs MG eyever, apsugnae aalixed redatiqmnBetissnths datastaped BLERmndog
MCS and tihe OQIhgfeePBIACK! N nugitet idfl O &&dedbsyrhbslke@ P MOS) dak@ HECS

through d(jeftgrerilrigen& f;[o?ttljltﬁes dgtra pe}cxyllclyclr;'ikeilnn(fJ l\félg,ar:[lril Hie CQI payload. The number of
ACK/NAK repetitions may be determined in a similar manner given a target
ACK/NAK BER.

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.



An exenplary outline of the above process is described below Select target
val ues for the data BLER (e.g., 20%, for the CQ BLER (e.g., 5%, and for
t he ACK/ NA® 2BERIYIB7g., 0.1% and select a set of signal PCOIKR2e0%®1EROCE
ratio (SINR) operating points. For each SINR point, determ ne the highest
data MCS achi eving BLER equal to or smaller than the data target BLER, the
hi ghest CQ MCS achi eving BLER equal to or smaller than the CQ target
BLER, and the snall est nunmber of ACK/ NAK repetitions achieving ACK/ NAK BER
equal to or smaller than the ACK/ NAK target BER For each SESTR operating
point, |link the above hi ghest data mcslio the above hi ghest CQ MCS and the
above snmal | est nunber of ACK/ NAK repetitions. 1-bit ACK/ NAK transm ssion,

for exanple, requires R that is.3 ci.bel (dB) .smal l.er than the SINR for

2-bit ACKI NAK FP% '%@%ﬂp?r&mgm’@@aﬁ‘@( fhé“’rad’é‘tve 18 d?téfl\é&gnt%ﬂe above

tU IrE ansmi t t kighehraDQEIMCScaidv tie aﬁiwepsnmlesga&gmumdqsmw repeditiodyamyie, one
trans tenna,. two uncorrelated. recei ver, ant as

ref erenc gkgméﬂgtt%‘ﬁm&?é% et# r CF%IBB{eh TS W élpaé r'd n‘ig 8%5?@%9@8@@ and

CQ payl oddn thaBINR Zord2barA OCKINAKe transhiskioh feethe tshmedatgat BER.and t he CQ

MCS or the nunhe . .t ons.. i t ex |l e of Table 1,

si xteen (16) f naﬁgja%{t%gﬁﬁ%ﬁ%fﬁgweg}i&ﬁ)eﬁgg i lfel %Sr:gglmn@éiys%g %e??rned

(tw ce asexammpler@seVEttranmitippantedim, twohincorckitddaNotle dhmveser antenehgta ve to

1-bit A L,SS! bl e Lk 0 to

ACKI NAK FSpaoToq PR thaprelyGecther Wil jereih byl M e

nunber of PEEAdNAK repetitions with the data MCS forces a corresponding Iink
between CQ BLERyleth B rtel¥e BRR betderd Bcadfh BRCSMUE thd 8cgaNeeb! theot

From 10% RUTBTET MeBLNAGCBAitioRe. MRS AP AT Jabknb. SYEEErhl BbRGIR | ons
(I atency, MOYStaalh $iRedn 6. ACKOMAK hiepetitions 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.



shoul d not inpact the CQ BLER or the ACK/ NAK BER, which should be largely
I ndependent of such considerations. In order to effectively decouple the
CQ tar gewoBbioRoassd t he ACK/ NAK target BER fromthe dat actracspedy/dbeR an
offset relative to the nomnal CQ M.S and an offset relative to the

nom nal ACK/ NAK repetitions associated with a specific data MCS nay be

sem -statically configured for the CQ transm ssion and the ACK/ NAK

transm ssion in the PUSCH As the Node B schedul er may, for exanple, choose
a data target BLER |l arger than 20% for a certain UE, the CQ target BLER
may still remain at the desired exenptd?y value of 5% by using an offset to
specify a lower CQ MSS (i.e., lower coding rate resulting in nore CQ
coded synbols) than_the one resulting fromthe link to the d )
Respect i ve exafsitee Nods|B s¢hedulst may. e’@ﬂ@ﬂ&l@ooﬁ%atdﬁpsta%t%m?e‘i n the
target BLiRs 208h abt Mecdreain NEE rtﬁEG(CQDQ@rTg@ﬂﬂEI& m&y salpeatadd at ehddeviesdy

|l arge, a few hits ed to spe t he 0 elative to the
oQ  MCS SR YHIBEOT N2 PY oo AL s t%%s%éﬁ&?édg%émz%i ts
t (r)] SE)Z(GJCI f soditie r&id reddlEn@fifh 38ére ©QL colled kgmbols) ebqro it oge desultimefronakiwes for
t he one i ndicate a higher MCS, two may indicate two snaller
MCS, andl\iﬂ?ﬁgtqﬁﬁ Wéfelsﬂ%CtWSrﬁxggllpiwpzyo%){é)lﬂheéﬁ‘]ﬁ%lﬁp? e link to the
data MCS). TheAsatis emplbikity fhothetthezen BHIERs oflathGKiiNtie refpeenice ionas is Gne
of fset valu y, indi cat he . r | I k. 0NS,
one may i A g{aé?etot lﬁ%v‘?\@'mﬁﬁ%ﬁ’ an_u?({)tg}tg% é’gé{ﬁ? ?itgnée(p’gﬁ %%)@ ]f@%émo{fﬁgpl I nk
to the datclativesp thatItME Sovtitained fionmthe limd tacthealath MERdtortspantpleg ising
number s 49N L LAHSHA e BOEABA| A ¥ oFEROTIARor B t e
pr esent ?jn\t/)[et%?(?%ﬂnetc?%r %hcgi%dg %u% ’t(?]e saﬁ%@%ﬁ c:ﬁvgl@ m(a)y e ‘extended to
the ACK/ NARIMCRI onhmaysndispigh highoaME Srdwieanay indicaiesepispallsh MESwdh i s
221”;[ t e;:l I(Sl{e Jﬁ{a?‘ﬁ?%ﬁﬁateﬂﬁﬁ rt]eﬁqihﬁl E’{G@%btﬁﬁféﬁ%&ﬁ't&%tlgﬂ(hfooﬂﬁh%aﬁ@ hml ).0The f
-statically roug i gher. | ayers) assi gne e it shoul d.use for
the data tamgmanliesitenthemumper p@é@ﬁ&{\i@?ﬂ reRHIONs ORg qf%gts ValHR M3y HiSalfat a
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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



Subsequently, using the CQ MCS offset the UE was assigned as part of the
configuration paraneters for the CQ transm ssion (through higher |ayer

si gnal i ngyo 206vobds7adj usts the CQ MCS rel ative to the perrb%wHDs2HTCS
based on the indication fromthe CQ MCS offset. For the previous exanple

of an offset specified by 2 bits, the UE may sel ect one of the four MS

i ndi cated as MCSl 441, MCS2 442, MCS3 443, and MCS4 444. FIG 5 illustrates
an exenplary bl ock diagramof a Node B transmitter in accordance with the
present invention. In the exenplary enbodi nent, OFDM transm ssion nethod is
used for purposes of exanple and explaﬁérion only. The UCI offsets as
descri bed above are determned in a conputing unit 510 and may becoupl ed

toget her with ot her higher |ayer control signalinhg and dat T of f set
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appl i ed isymbqlaimh kelialtto-peilidlconverwari3ér 16BT,is podfofthed i am S T aditiSA0CP
unit 560 befo he sianal is transmited. Far brevity, additional
transm tapaslr tori SRk ha G ABPTY b purliL B S Lo B B0 6B cer s
anpl i fi ers, insgrted maAPrinit 60abtiermts sigealnct tradsmisttd at'ed brésitg, additional
illustrat ary LAgr.ar ej i C W th
the.pr eoctt T RuER EHELhY <BiPa Ladramalod chindkf “hifihg idrcahgRAGS.
met hod i sangsleanstjitepamtparssarehokiklasisitedand expl anation only. The .
Radi o- Fr equencyk(@Fs analiplles AN emblaf otk CHiabh Al 8 NPISEBrSifepoR ved
and processed by a pre-processing unit 610, which may 1 nclude additional
pr ocessi nFeerdasge 1 With siehpresent; invepton-andl ithg exemplerygembediment, OFDM
down- convesdstiissioRNAE@Bd tig-whedi for| pLepoResrdfeEtamsieCand BRplaAMGNN oh By, PheEVI Y.
The digital ,signal res [ glgarf rom-t ?e gre r80§55| ng\lu%l; 610 has the CP
renoved i hadiplirarensyo(Rly atlpg signglypipaymidied ipmer SNode Bs isfiaered #id a
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converters, etc.) not shown for brevity. The digital signal resulting from the pre-
processing unit 610 has the CP removed in CP unit 620, a serial-to-parallel
conversion is applied in a serial-to-parallel converter 630, and FFT is performed in a
FFT unit 640. A parallel-to-serial conversion is applied to the converted symbols in a
parallel-to-serial converter 650, and the symbols are then demodulated and decoded
in decoder/demodulator 660 to obtain the UCI offsets and any other higher layer
control signaling and data in a computing unit 670.

The same transmitter and receiver structure may be used for the UL SA
conveying the MCS and other scheduling information for the associated PUSCH
transmission.

In summary, a UE determines the CQI MCS and/or the number of
ACK/NAK repetitions in the PUSCH from its assigned data MCS in the PUSCH as
follows:

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



parall el -to-serial converter 650, and the synbols are then denodul ated and
decoded i n decoder/denodul ator 660 to obtain the UCI offsets and any ot her
hi gher | ayeromanbrsel signaling and data in a conputing BOTIKERG®/00032e same
transmtter and receiver structure nmay be used for the UL SA conveying the
MCS and ot her scheduling information for the associated PUSCH transm ssion.
In summary, a UE determ nes the CQ MCS and/or the nunber of ACK/ NAK
repetitions in the PUSCH fromits assigned data MCS in the PUSCH as
follows: The nom nal CQ MCS and the nom nal nunber of ACK/ NAK repetitions
in the PUSCH are directly linked to t hd4data MCS in the PUSCH The data
target BLER the CQ target BLER and the ACK/ NAK BER are decoupled w thin

a range d nedb thera e an off set : ring.th
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during data retransmissions in the PUSCH. As the number of retransmissions is
typically small, only a small number of such additional offsets may be configured for
retransmissions.

If the 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 BLERSs. 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.



If the CQ target BLER is different than the PM (Rl) 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
determined fromthe difference between the CQ and PM (RI) target BLERs.
If the CQ target BLER is |ower (or higher) than the PM (R) 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 | aj T IS CLAIMED IS: 1. A nethod for a base
station to assi‘gﬁoﬁeﬁngﬂg@m@a' fment (UE) conmunicating with the base
station a nunber of coded control information synbols being transmtted
with coded datg infornati synmhol s ring the sape transm ssion tj

i nterval by thg‘ UEI,L W@%?WO&WBS%PF%OHQ?O M L S T QHEII on,
an of f set cammuhecatiig vass thgrhasg stabipn aheinlase fstodtd contral imbetu aoinary netrds

codi ng sc tf I " daf. ")t e oL m.tting the
orrser  coRhe oRmiRe i <BRF b Tniopialifh Xphbis QiSRS
nunber of timgdeigrad byt Ubatler mathodreosyprising assi gned to the UE for

transm ssion o inf i j S ] . based on the data MCS and
the of fset. 2.B%ﬁ@%mog‘gﬁgég%f‘%@l?%ﬁ%&g‘”\ﬂﬁg’ control information
conpri ses at | @s8gnipge byfthe kasaeitatinmla modulatiipmantd oppdimgyspheme for data

Acknow edpgsmidtionACHathNas> pewMedgement (NAK), Precoding Matrix |ndex
(PM), and Rank Indjcatar ( I)%&%S The nethod of claim 2, wherein the

number of codef2BYRitHRE thed PBy3bl s corresponds to the highest MCS
that achi eves @afiégitehg eHeaddtd MEHas theSUBgual

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



to or higher than a target signal quality for the control information. 4.
The nethod of claim 2, wherein the nunber of coded control information
synbol s cwonespopss to the small est nunber of repetiti orsTIHRRDI%DIE2RVES 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 pnent (UE) communicating with the base station a first nunber of coded
control information synbols of a first type and a second nunber of coded
control information synbols of a second type, the control information
synbols of the first type or of the seébnd typebeing transmtted with coded
data information synbols during the sane transm ssion tine interval by the

UE, the t.hod conpri.sing: assigni.ng, by the e, station, a first offset
and a secBHfe Hﬁp%rgfﬁefiowvﬁ@%ﬁ d%&éﬁl@ﬁfﬂﬁé?ﬂ Bﬁé gumng the SAMSHraSMiSSIRN at i on
and codi ng'msciﬁltﬁmflbplthé UEfdmmet'mﬁaﬁﬁﬁiriSMg:(" d?]Ea MCS') to the UE;
transmtting the.fi.rst, o et and the.sec offset t e, UE )
L anem i g+ RSiging tyrkiebgse faliok & GREPERT PHeRerhd obifETe F, ge
cont rol i nf or magsigming,yimb diesbae dtétdor, iar mbdtiapien andi @itk tchdnhe fdlEhieslata
deterninegdg ngmg“g&Q$4€§9ﬁnNE?Lﬁﬂd the first offset, and the second

ed contro na

nunber of "CoO tr I'nfor ioff synbols of the second type assigned to
the UE is det etmismeittimgthedinnofiiet addtthe sdac8nd odifsehio thedbrichndf f set. 6. The

met hod of cl ai 3 i trol information synbols of the
first type corrp{pra?ssnélé ﬁlr?e att%ﬁ%(ﬁg?&ﬂ}en ormation (CQ), and the coded

control Synbol Shereir ke dusomembemel codust FerirolopfumEsesmbols AGE NG

Acknow edgerBliohdAS)the UE A& dBiiiAfed Biscdrthlidia WEC Shn R (HeSrst SASPARN
(UE) co nicating with a base stat.iqn, nunber of coded contro

. a d I
i nf or mat i B seyeRsorumbsg; aof soded rentrekinfprijation syadeluek heisae e dasiggstol s
during the HaUE Isr@RGHised Paselliofftht dhQMES 44 thBeeddnd dffisetmet hod

conpri si ng:

6. The method 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; receiving 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 with the coded data
i nformati on synbols. 8. The nethod of claim 7, wherein the control
information conprises at | east one of channel quality information (CQ),
Acknow edgenent (ACK)/ Non- Acknow edgenent (NAK), Precoding Matrix
| ndex(PM ), and Rank Indicator(Rl).9. -The method of claim8, wherein the
nunber of coded control information synbols corresponds to the highest MCS
t hat achi eves 3 g&(gnal al | at is.equal to or_h er than a target

f

q ¢ [ [
signal quality et gd A gsr whesgin .nqrabewfecqs’-ggweatre¥ IHpENAHEnN
wher ei n tdientleeefre Honds €6 the biphes! MIOY Qfaﬁ&hhi@ﬂe§&@t%h|a5qﬁﬂit&&ﬁ@@i@%ﬂubp the
smal | est nurrtigr of regftitions t hat ichl eves a %lggna .quality that 1s equal
to or hi gRe Nighgs than aﬁ%‘?tség'&rluallg]d]‘y P {he ¢amtrol HYOEBHIGbI i nfor mation. 11.
A nmethod for determning, at a user equipnent (UE) communicating with a

base stati on, f it st e f coded control informati.on |s of a
Firet type and'd JBESANTEREeRim A SiiiadR 2 Rimb® ff SRsatoaibLiiadrdiof
second t ypenbdlh eooesizuhds aot thel smallast mambten ofyrdpetitiond thateachiavet 4 yigmabr of
t he second. j: Is 1 i C at.a_1;n tkaon

during th ag rrgt_h ré%%r%hég:?%nna% ith? e|Wnt£he?vgldgﬂig%/eqt%%gh %E,Eleélﬁ ircr({ce‘}t ﬁ%@é@%ﬁir&
conpri si nigformagienvi ng a first offset and a second offset fromthe base
station; receiving a nodul ation and codi ng schene for data information
("data MCS") fromthe base station; determning the first nunber of coded
control infornhli o Bgthed| for gleterpuning ot a yys gpkp@eRn(Whk commyniedtinget and

the data W@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



determ ni ng the second nunber of coded control information synbols of the
second type based on the second offset and the data MCS; and transmtting

t he firstwonoidmomecond coded control information synbolPsTmR200%(d0es2eoded
data information synbols. 12. The nethod 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

conpri se Acknow edgenment (ACK)/Non- Acknow edgenent (NAK). 13. An apparatus
to assign to a user equipnment (UE) communicating with a base station a
nunber of coded control information syAmdols being transmtted w t hcoded

dat a information symbol s during the same transm ssion time interval by the

UE, the a usc ri.sin ssig unit to,assign a nodul ation and
Sodi ng sciiee FBRE Uag? iiaTRAiG Srimko o (“r‘:’dﬂ}ea RS pnSiFIR BRegEied BhEE
and a tragBritctdppgratiy domyridingnsm t the data MCS and the offset to the UE,

wherein the nunber of. codedt %ontrol mfor(gl?tl Onrafhé .S as igﬁe&l to, the UE
for transmissi Bh BEEOHR M 0 r B 2o 158 s¥Q® e a MCS
and the omfmﬁtatith(‘.‘déEhM@S’p)ematansoffietmd) dienUE3andvherei n t he control

-y ti : . ,
acknow edgerent AR RBAR RS LB Tsahe SR RAR b b o TE Rt x| e
(PM), and Rankheren thet mrmpdri of. coziad cmteolalpﬁanrmtm syinlmllaamgmd tofles BiEn t he
e ot o6 SAREmEOI @ cohloP 1Bl o K TRAL QS bESRANF I 1Y BRERIe MCS

t hat achi eves stgnal quality IS e o0 or er than a target

si gnal quefifSety for the control i nformation. 16. The apparat us of cl al m 14,

wherein the nunmber of coded control information synbols corresponds to the

smal | est nunber of repetitions that achieves a signal quality that is equal
to or higher thin Theappaatussolgelaim ddapmnesein ghe @wr%ﬂfqrmaupmcempae%ﬁt

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,



17. An apparatus to assign to a user equipnent (UE) communicating with a
base station a first nunber of coded control information synbols of a first
t ype and wogememesnunber of coded control information syob&rRo@ioas2zecond
type, the control information synbols of the first type or of the second
type being transmtted with coded data information synbols during the sane
transm ssion tinme interval by the UE, the apparatus conprising: an
assigning unit to assign a first offset, a second offset, and a nodul ati on
and codi ng schene for data information &"data MCS") to the UE, and a
transmtting unit to transmt the firsd of fset, the second offset, and the
data MCS to the UE, wherein the first nunber of coded control information

synbols of the first ¢ tran ed f m.t he det erym.ne ased. on
the data MCS aﬂ%‘e{% ﬂF?V?‘EF ﬁgt 0 t§‘£| IBE?f“?ﬂilr?Besr‘yn&l?Olﬁd) tge itgrﬁtt rol
i nf or mat it(ype stanbmlitte d troih ¢hes &30 rigl dt:t;epmlﬁerdahmdtmedlef datan MES WiRdithe first

det erm ne sed n the data ,MCS.a ec offse tus
of clai mo% ’\/\?{lélr Cro R 888’@(? 8&’88 corﬁﬁ}% rll%%tlos‘p m‘%glso(;mﬁﬁ |r(€t
type conrmyps ¢raobmitteel frqnnaﬂhletUEnnfd@tManhbz(mqu thanthta MCS cuddhe srcomsl
synbol s d[; gepe second type conprise Acknow edgenent (ACK)/ Non-

g

Acknow edgenent (NAK). 19. An apparatus for transmtting coded control
information synbols and coded data infornmation synbols during the sane

transm ssion tige irRLef %ﬁkatuéhﬁ 8RRAT AL UGHERTR the | QffiedAcéRFA! MfHEnMME tO
receive a nodul ation_a codi ng_ schenme for data Information ("data MCS"')

and an ofsyghols Pﬁrheaﬁ@awesq%wr&? Cl&nééln%ﬁll%gﬂfeﬁptm?lb(@@tlbraﬁfiﬁ’ée Pﬂ@dnunber

of coded &Rl OdynhBYIOT FRLthO et ¥l Olype PBSRPriod ABhdlea, %Ma@narmmw@ﬁf set
for transm ssmn of CO%(}%))I nformation; and a transmtter unit to transmt

the coded egIvigdesmen n symbols with the

19. An apparatus for transmitting coded control information symbols and
coded data information symbols during the same transmission time interval, the
apparatus comprising:

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.

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



coded data information synbols. 20. The apparatus as in claim 19, wherein
the control information conprises at | east one of channel quality

i nf or mat iwo 2000@9%287Acknow edgenent (ACK)/ Non- Acknow ed@emmr20¢a0db522
Precoding Matrix Index (PM), and Rank Indicator (RI'). 21. The apparatus of
cl ai m 20, wherein the nunber of coded control information synbols
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 thegﬁurrber of coded control information
synbol s corresponds to the small est nonpér of repetitions that achievesa
signal quality that is equal to or higher than a target signal quality for
the control.infornatipn.. 23. apparatys for transmtti oded cont ol
i or | DAiEsLRATEY sRRis idinal T SOBRBR Ut acei ReriueBR- R BR GRbbrs o
a second inygrenatsodl. coded data i nformation synbols during the sanme

transm ssion tinme interval, the apparatus conprising: a receiving unit to
receive a first offset, a second offset, and a nodul ati on and codi ng schene
for data infor23tidn appdates MIIrindmitimg chdesk centatli mfiornatoonpmbelg afrd t t o

determ ne etz,;’gj . i i t i type
based on .lﬁ'g at gp %Egg%ﬁgﬁgﬁ_glrﬁ?%ét%lhs ef% E’%ﬁéf 9 gs. e?lég&e)?ﬁengﬁ? hcgaﬁ% azér of
coded conmfermatishopymbplsndegmpdhe sime Heansmdssien ttipe ibteseal, dhe tappatidas MCS
and the s iRdfset; and a transmitter unit to transmt the coded control
i nformation synbols of the first type or the coded control information
synbol s of t he2$EHHBE PPLOREEHVE héﬁe%tfﬁs@t,@aieaompéfﬁﬁa@%ﬁ mQdwidion amgly. The

appar at uscqfing Schehf for ddta iR hRkiBn {(P@ats MIES LRGN Phask iAot | on synbol s of

the first type conprise channel, quality information ,. and the coded
control synbol & SFIRHENE BRBNEP Cgieem é‘é")&@krﬂfmf%‘gggﬁéﬁfoal( RN

Acknow edgemng of thfirst 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.

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).



