- 1 - CONTROL AND DATA MULTI PLEXI NG | N -COVMUNI CATI ON SYSTEMS BACKGROUND OF
THE | NVENTI ON Field of the Invention The present invention is
directed, in general, to wireless conmuni cati on systens and, nore
specifically, to multiplexing control and data information in

Si ngl e- Car rwenrze@rnexgsrency Di vision Miltiple Access (SC POUERZUYAMWERI cati on
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) signals
together with data information signals_{n a SCFDVA communi cati ons system
and is further considered in.the devel opnment of the 3rd Generation
Partnership Project (3GPP) Evol ved Universal Terrestrial Radio Access
(E-UTRA) Long Ter mGNTROL ANT} DATA MUETIPLEXINGINECOMYBINKGATIONNK (UL)
conmuni cation corresponding to the mﬂ@;ansm ssion from nobil e user

equi pnents (UES) to a serving base Node B). A UE, al so conmonly
referred to as a ternminal or a nobile station, may be fixed or nobile and
nmay be a wireless device, apggtkdROUNDIOE THEEVVWENRIONONpUt er device, a
w reless nodemcard, etc.. A Node Bis generally a fixed station and nay .

al so be referred to as a base transcei ver system (BTS), an access point, or
ot her term nol og¥icldwithe brventhat | on of ACK/ NAK, CQ, PM, and R signals may
al so be jointly L r bR f 1 iatignal s.
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incorrect, BRgReChiri¢elPrequdada Divisioat MubtidptAaess (SC-EDMbTbimkunidiipn of t he
communi cati gn_system which corresponds to signal transm ssion fromthe
servi ng Nod%ysée%{sd a HE. The CQ signal transmtted froma reference UE is
intended to informthe serving - 2 - Node B of the channel conditions the
UE experiences f gjes@&iptidabf ire&piedArti N the DL, enabling the Node B to

per f orm channel q en%ent .schedul 1 n f . tS..Lhe signal s
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interval (T¥ystemiandisdattbertcoasidered vi tha dovelopment bfhaBatGenpmtiopPervrshipat a
transm ssi O df 3885 ERSIvEd VaRVAN TERBHiASR Aid PRESTBRITRAF Bong 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 fo 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



The UEs are assuned to transmit UCI and/or data signals over a
corresponding to a sub-frane. The physical channel carrying the data
‘transm ssion and, if any, the UCI transmssion is referred to as a physical
upl i nk shared channel (PUSCH). FIG 1l illustrates a sub-frane
structure as®wowdegr t he exenpl ary enbodi ment of the i mantr200/00068e
sub-frame 110 includes two slots (120a, 1200. Each slot 120 further

i ncl udes seven synbols, for exanple, and each synmbol 130 further includes
of a cyclic prefix (CP) (not shown) for mtigating interference due to
channel propagation effects. The signal transmission in the two slots 120a
and 120b may be in the sanme part, or |t2nay be at two different parts of an
operating bandwi dth (BW. Furthernore, the mddle synbol in each sl ot
carries transm ssion of reference signals (RS) 140, al so known as pil ot
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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 exanple, the target bit error rate
(BER) for ACK/INAK bits is typically nmuch lower - 4 - than that of CQ/PM
bits as, due to their small nunber, the ACIC/ NAK bits are protected through
repetition coding while nore powerful coding nethods are applied to CQUPM
bits. Mreover, erroneous reception of ACIC/ NAK bits has nore detrinmental
consequences to the overall quality and efficiency of the conmuni cation

t han erroneous reception of CQUPM bhits.




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 provide different ,
reception reliability for the different types of UCl signals in the PUSCH
Addi ti onal lyg 2408fdoss7i S @ need to m nim ze the signal i NRCUKEAMRERES2E Or
determ ning the paraneters for the transm ssion of different types of UC
signals in the PUSCH SUWARY OF THE | NVENTI ON Accordi ngly, the
present invention has been designed to solve the above-nenti oned probl ens
occurring in the prior art, and enbodi nents of the invention provide an
apparatus and a nethod for allocating rgsources to the transm ssion of
control signals froma user equipnment i'n a sub-frame that al so conveys
transm ssion of data signals. In one aspect, a nethod for a base
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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
the first or the second coded control information synbols with the coded
data informati on synbols. - 6 -



I n anot her aspect, an apparatus to assign to a user equi pnent (UE)

comuni cating with a base station a nunber of coded control information
synbols being transmtted with coded data i nformation synbols during the
sanme transm ssion time interval by the UE includes an assigning unit to
assi gn a W@awparen and codi ng schene for data infor retksme¢timsra MCS') and
an offset to the UE, and a transmitting unit to transmt the data MCS and
the offset to the UE, wherein the nunber of coded control information
synbol s assigned to the UE for transm ssion of control information is
determ ned based on the data MCS and the offset. I n yet anot her
aspect, an apparatus to assign to a uger equi pment (UE) communicating wth
a base station a first nunber of coded control information synbols of a
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FIG 4 is a block diagramillustrating decoupling of CQ MCS from data MCS
i n accordance with an exenplary enbodi nent of the present invention;

FIG 5 is a block diagramillustrating an exenpl ary enbodi nent of a base .
station transmtter in accordance with the present invention; and

FIG 6 is awbhapledgragramillustrating an exenpl ary UEPEBEBROORPOOHAZ
accordance with the present invention. DETAI LED DESCRI PTI ON OF THE
EXEMPLARY EMBODI MENTS - 8 - The present invention now wll 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 constgued as limted to the enbodinments
set forth herein. Rather, these enbodi nents are provided so that this _
di scl osure will be thorough and conplete, and will fully convey the scope
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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 o 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 fo 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 trahsmitting 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 is a block diagram illustrating an exemplary UE receiver in

accordance with the present invention.

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

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

The system and method of the exemplary embodiments of the pres'ent
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 CQLI/PMI signal transmission in the PUSCH is first
considered. For brevity, unless explicitly mentioned otherwise, all statements for the
CQI will also apply to the PMI. '

The 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 | 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
MCS1 QPSK 1/8
MCS2 QPSK 1/5
MCS3 QPSK 1/4
MCS4 QPSK 1/3
MCS5 - QPSK 2/5
MCS6 QPSK 1/2
MCS7 QPSK 3/5
MCS8 QAMI16 2/5
MCS$S QAMI16 1/2
MCS10 QAMIG6 3/5
MCS11 QAMI6 2/3
MCS12 QAM64 1/2
MCS13 QAMO64 3/5
MCS14 QAMO64 2/3
MCS15 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 I-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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Such a table is needed because the CQI payload, coding rate, and target block error
rate (BLER) are typically different than the corresponding ones for the data. The
same holds for the ACK/NAK fransmission.

For example, the data may be turbo encoded and have a target BLER around
20% while the CQI may apply convolutional encoding and have a target BLER
around 5%. Therefore, the data and CQI cannot be typically transmitted with the
same MCS. However, assuming a fixed relation between the data target BLER and
the CQI target BLER, the number of CQI coded symbols (CQI MCS) may be
determined from the data payload and MCS, and the 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 dlfferent 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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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 nomina! CQI MCS and an offset relative to the nominal ACK/NAK repetitions
associated with a specific data MCS may be semi-staticaily 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 wusing 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 BLERs 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
gither 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 nomina! 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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a parallel-to senal conversion is applled ina paraliel—to-serlai converter 550, and CP

is inserted in CP unit 560 before the signal is transmitted. For brevity, additional
transmitter circuitry, such as digital-to-analog converter, analog filters, amplifiers,
and transmitter antennas are not illustrated.

_ FIG. 6 illustrates an exemplary block diagram of a UE receiver in
accordance with the present invention. In the exemplary embodiment, OFDM
transmission method is used for purposes of example and explanation only. The
Radio-Frequency (RF) analog signals transmitted from a Node B is received and
processed by a pre-processing unit 610, which may include additional processing
circuits (such as filters, amplifiers, frequency down-converters, analog-to-digital
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
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the signal lecheh@é‘%EérP@le adl B (1) RG BLER@'IfRﬁ@@é%TR% F&rBEER%“ try,

'such as di |tal-t n ony analo lters, ers
transnitter Oé’ﬁ’f @ﬁg‘é@ §rtg*gh§‘€ I‘&i h%l Pa .gRis olfsct may poiat tog)h‘lgpﬁfs(lof Jsﬁ"lﬁ% an
exenpl ary LHWGSkfodiha ®MINROY transtdissiomcei ver in accordance with the present

i ti I t t d
Lo B GRS e SR AR B, o
anal og si gri&rain §xgme F'@Eocflﬁtﬁﬁﬁsafh%@% itpyvi ]sber‘g@émfé’é Iﬁfrfboiﬂ@é@sléd cby a

Enr e- Er oc efssarnmaumrtou6 TRangekiie fbrﬂ‘iflz)hd dutéludﬁayadel infdde mﬁérelﬂrﬁl@lﬁﬁll‘é ld@ﬁhrﬁﬁgc’j cuit SI
such as fijtets ers regyue erter nal og-to-digita
converters, ﬂ EJ)SpHgPangﬁco\Bﬁ offgle Bra eV| %Sg?ﬁ@ed}ym{? &PeY % %i““f‘sesul ting from
t he preproceSS|ng unit 610 has the CP rennved in CP unit 620, a
serial-to-parallel conversion is applied in a serial-to-parallel converter
630, and FFT is perfornmed in a FFT unit 640. A parallel-to-serial
conversion is applied to the converted synbols in a parallel-to-serial
converter 650, and the synbols are then denodul ated and decoded in

decoder/ denodul ator 660 to obtain the UCI offsets and any other higher

| ayer control signaling and data in a conputing unit 670. The sane
transmtter and receiver structure nmay be used for the UL SA conveying the
MCS and ot her scheduling information for the associated PUSCH transm ssi on.
In summary, a HE determ nes the CQ MCS and/or the nunber of ACK/ NAK
repetitions in the PUSCH fromits assigned data MCS in the PUSCH as

fol | ows: The nom nal CQ MCS and the nom nal nunber of ACK/ NAK
repetitions in the PUSCH are directly linked to the data MCS in the PUSCH.
The data target BLER, the CQ target BLER, and the ACK/ NAK BER are
decoupled within a range determ ned by the range of an offset paraneter.
During the configuration of UE transm ssion paraneters, a UE is al so
configured an offset for



- 14 - the MCS it should use for the CQ transm ssion in the PUSCH and an
of fset for the nunber of repetitions it should use for the ACK/ NAK

transm ssion in the PUSCH relative to the nonminal CQ M.S and the noni nal
nunber of ACKINAK repetitions determined by the link to the data MCS.
Simlar to the schedul er choosing the MCS of the initial data transm ssion
to maxi m ze throughput when relying on HARQ process, the MCS of possible
retransm ssions may al so be chosen accordingly and rely on the fact that
previ ous data transm ssions have occurrned. Therefore, for adaptive
retransm ssions, the schedul er may choose a different MCS and target data
BLER depeﬁqlmlg@LmEg(jgndancy version of the HARQ process. An of fset
relative to the nominal MCS may also be configured for the CQ transnission
and/ or the ACK/ NAK transm ssion during data retransm ssions in the PUSCH.
As the nunber t I . er of
such addi ti ona rﬁésté S&ng'%%& i élsglgg%(lf) aXu?fg?er gl gn%ms@n%%&u&%?f t he
CQ tar gesmt}BHEFbases stdmdn‘ ennmbertdf &nd&d@n&M infdRptidrasyoetiol Bhdthy trimsnatal witlhavi ng

i 1 an- ooed i g Bn Seh e peshori gty Ui B LSt BRTRGH 1 om

the diff enhene®cdigs n the CQ and PM (RlI) target BLERs. If the CQ target
BLER is | ower (ar higher) than the PM (RI) one, this offset may point to a
hi gher (or |ov@@$1gmm%yﬂmbasﬁétam ap Rifyet wplgpinihe $iEsn. Wil e the

present i nve“tdgﬁﬁ%ﬂg%ﬁﬁgﬂas%@%%n aapftiﬂ 3&%@&1 ngcrééﬁt%%gé P&sﬁaﬁ Ixﬁfa'héf'i" n

exenpl ary enb er eof ose S
the art t(kiauaM@S)tom]seHEanges in formand details may be made therein

wi t hout departing from r|t and sc t|on as defined by
the appended CTRRPHENNE RETRAAH re é\?ﬂqlﬁéﬁ? %"a?uetor%ﬁeqﬂ R%et hod for a base
station to assremnit@lgmfdmaﬁoﬂégaramgmmec{ddEMosqmmmJEatl ng with the base
station a nunber of coded control information synbols being transmtted

with coded dat#hersirdhhrawnber ofyaded sorteli infprivpions ayrebaly asvignrd 4o die Pibnior
interval e 1?1&@109% ciﬂ%%b@%ﬁﬁqoﬁ QR ba%ﬁ%h MR &H%@@ﬁs%t e 1 on,

an of f set ue to assli gni ng, ase station,
Modul at i oamdatlhd cCoto] ng fasmhaemne cqﬁropnsstataa l¢astf omemaf phﬁnnéldqmz'élt}r\/@@mnauon HEQUE;
Acknowledgement (ACK)/Non-Acknowledgement (NAK), Precoding Matrix Index (PMI),

and Rank Indicator (RI).

2. The method of claim 1, 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.

3. The method of claim 1, wherein the number of coded control information symbols
corresponds to the smallest number of coding repetitions that achieves a signal quality that is

equal to or higher than a target signal quality for the control information.

4. 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 coded control

information symbols of the first type or of the second type being transmitted with coded data




transmtting information regarding the offset value to the UE, and
transmtting information regarding the data MCS to the UE, wherein the
nunber of coded control information synbols assigned to the UE for

transm ssion of control information is determ ned based on the data MCS and
the offset value, and the control information conprises at |east one of
channel quality information (CQ ), Acknow edgenent

(ACK) / Non- Acknow edgenent (NAK), Precoding Matrix Index (PM), and Rank

I ndi cator (RI). 2. The nethod of 16l aim 1, wherein the nunber of coded
control information synbols corresponds to the highest MCS that achieves a

si gnal quaforh¥ido mbols GaMR HeOse BhafRGSsid BhedintcafHely SOlRl HUAkthby for
the control information. 3. The nethod of claim1, wherein the nunber

of coded S@8WEIEHE: i nf or mati on symbol s corresponds to the smallest nunmber of
codi ng repetit,}j QS:EP' i | } [oMiaY g

hi gher than a altS %@g%%’ ri!’g'irﬂglgna é%@(ﬁ’ tg 35&%{%?@%{?{21&%8{% %{g%cgﬁél?fﬁeﬁg%ﬁ%%the U%’ 4. A
met hod for a basgisg,aby dhe thascastalign & dMadulgen eqliGodant S¢hdme dantwndaat i ng
with the .bfase tSth(hi oy@fi r.st. nunmber of coded control information synbols
of a fir PPy 80 Yenber of coded control information symbols of

a second type trahfigitapdabraeidd REarimbhdBist Offset YOk OF sbdd@d bk tvatuk e oOr
of the second tyq?'e being transmtted with coded data 16 information

synbol s dhe PEgaw e sane transnission time interval by the UE the method

conpri si ng: %Wgﬂgﬁggﬁélg%@g%es&afxaim,tﬂﬁwf[ijﬁst of fset value and a

second of f set ning, by the base station, a Mdul ation
and Codi ng Sclvdweeid dhe fing matber ioff @ded o] (idtraafidiSyyhiools ké thiE;first type

T T TR C M SN TR TN
to the Ukecond number of coded control information symbols of the second type assigned to the UE is
determined based on the data MCS and the second offset value, and the coded control
information symbols of the first type comprise channel quality information (CQI), and the
coded control information symbols of the second type comprise Acknowledgement
(ACK)/Non-Acknowledgement (NAK).

5. A method for determining, at an 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 information regarding an offset value from the base station;

receiving information regarding 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 value for transmission of control information; and

transmitting the coded control information symbols with the coded data information
symbols, 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).




wherein the first nunber of coded control information synbols of the first
type assigned to the UE is determ ned based on the data MCS and the first
of fset val ue, and the second nunmber of coded control information synbols of
the second type assigned to the UE is determ ned based on the data MCS and
t he second of fset value, and the coded control information synbols of the
first type conprise channel quality information (CQ), and the coded
control information synbols of the second type conprise Acknow edgenent
(ACK) / Non- Acknow edgenment ( NAK) . 57 A nethod for determ ning, at an
user equi pnment (UE) communicating with a base station, a nunber of coded
control i nfor ratTIRmaKsDet Gailkes, Nehd-iR REHuhitRAoMddld cadrRsA irﬁ'@itn?atﬂoﬂfsﬁﬁﬂa%]' on
synbol s during the sane transm ssion tinme interval by the UE, the nethod
conpri si rigireproads tpj theyhighesd Miat thehaohiysy dlpigeel analsy thedis egahlite of highertthen base

station; targgt siéﬁ?ﬁ*&‘fi@ﬂ)rkﬂycg%ﬁatihﬁ ardi ng a Mddul ati on and Codi ng

Schene for “dat ormation (data fromthe base station;

determ ning the nunber of coded control information synbols based on the
recei ved data and, t he. of.fset val.ue for .trapsn ssion. of control

|t or mati on: - dnatie elud St £ e b ShREED T SHWERTIOh SKyhele!
with the @adgibndatortht BhARPhIREEr SY BERRAS repWiRInS ikt bl 'atsf%ﬂb.l &uafigrRLis on
conprises at |east one of channel quality information (CQ),

Acknow edgeener kismthasramekyigvl aedidyrionthe aqakyl informaiénn. ng’ Mat ri x

| ndex(PM ), and Rank Indicator(R). 17 6. The nmet hod of claimS§5,
wherein the nunber of coded control information synbols corresponds to the
hi ghest MCS t I¥at Aandthal/fos detesnighngl atjaiaser teyuipmatt (UE) eqmalunicating withghtesse t han

a target signal ality for e contral informtion. 7. The net hod of
o arIE! SRt At bingr oo ecRBl il TRbbR it Brt Sypbiatis scbond

cor r es ponfigibepof ddded @HtloE BiforfHaMBE Eyriol COTH RPoridERBs, thd QAsd thdlo] AEHLAKES 2
signal quality that is equal_to or higher than a target signal r]géjality f or

the cont rybplgrod F}F?afi’?’ptﬁpe or of the gecopd hipe Reidertppsraidied rfitiofe! duda indormatipn
equi prents Lk GARTHRISGAL rAGniddh nOR%Eva b HOTE, fe He{hgﬁ co ng;gﬁﬁ .0f coded

control information synbols of a first type and a secon rBf coded
control i nfor nedeiverg wyorivetien rkardingechntofifsepeglut irel codent offset vale frafaherat i on
synbol s q)f tq?etid‘ni_rst type or of the second type being transmtted with

coded dat 4 inforiation synbol s during the sane transm ssion tinme interval

by the UE, theewbiifppdniompionsiregirding a Modelakidm Jandn fCadimt iSeReh@ ORF dilslg a
first of firs1 Ogmz\&?olnu(gatgrﬂgcﬁ f?o%:?hré%aggsft;tieo%; val ue fromthe base station;
determining the first number of coded control informaﬁon symbols of the first type
based on the first offset value and the data MCS;
determining the second number of coded control information symbols of the second
type based on the second offset value and the data MCS; and
| transmitting the first or the second coded control information symbols with the coded
data information symbols, wherein the coded control information symbols of the first type
comprise channel quality information (CQI), and the coded control information symbols of

the second type comprise Acknowledgement (ACK)/Non-Acknowledgement (NAK).

9. An apparatus to assign to an 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 apparatus

comprising:




receiving information regardi ng a Mddul ati on and Codi ng Schene for data
information (data MCS) fromthe base station; determning the first
nunber of coded control information synbols of the first type based on the
first offset value and the data MS; determ ning the second nunber of
coded control information synbols of the second type based on the second
of fset value and the data MCS; and transmtting the first or the
second coded control information synbols with the coded data information
synbol s, wherein the coded control infqgmation synbols of the first type
conprise channel quality information (CQ ), and the coded control

i nformation sy i &N

(ACK) / Non- Ackn"jﬁyi\t/\li%!g1 lg%eurrrllne[ Sﬁﬁ?ﬁlq MX&ﬁatﬁi-?lnﬂ{ﬁi gg%gglg?%égﬁ fggasm glﬁ"r{ngh%% user
equi prrent(détEJMC%)cnmdumO&afttwnlgewtﬂihLE bade station a nunber of coded contr ol

i nformation synbol ein d WL h_cod nbol s
duri g the saferdieniane 02 i AL I e i RIc R tas

conpri si nggardih the offset alueas giegMEi,ng unit to assign a Mdul ation and Coding
Schenme for data information (data MCS) angd an_of fset value to the UE; and

a transmitting"RFER ﬂeeomerrﬂaﬁﬁs% CtOdF‘hFB‘F‘FFétIF Fmatignasyerbols axieneh fo thacdE e

i nf or mat ipRhRGBH OF AhtbDRFRIEEST is\RleHRint® bAda8 of e data MCS MW ML et B NUMDET
of coded control information symbols assigned to the UE for transm ssion of

control iwifeseinghd eontrpkinfemation enmeprisas aldcash onhef chanzel NE8ity ifoiniesion (€OBt

val ue, whe ne nel
quality i n or{r%rvm}%etCl Sn&?%d)ﬁ)% 51%%5}'1 el%&gp(?\}/@@; ﬁﬁé}codﬁ%ﬁ% %lggmgﬁ?[ﬁ( NAK) ,
Pr ecodi nganl¥iank XndicacleXR)PM ), and Rank I ndi cator (RI). 10. The
apparatus of claim9, wherein the nunber of coded control information
symbol s correspond to the highest MCS that achieves a signal quality that

i's equal to orghi ghe 'épﬁa?ﬁﬁ's 8f LRIEY, WhIHA! thél Wbty of 85deiN@n&ONintSnation
i nformati on. apparatus of claim9, wherein the nunber of

coded corfymgplsi wn@mad|t@ﬁh%9mb@3t§%€§rth@tswmgs 8 signalequakity s is aguabée oof
codi ng raga{elrh{agﬁa%g}asg ar, aﬁﬁ @e%k&ﬂﬁh tﬂHx‘T‘eltfo y that is equal to or
signa or the

hi gher t control information.

11. The apparatus of claim 9, wherein the number of coded control information
symbols corresponds to the smallest number of coding repetitions that achieves a signal

quality that is equal to or higher than a target signal quality for the control information.

12.  An apparatus to assign to an 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 value, a second offset value, and a Modulation
and Coding Scheme for data information {data MCS) to the UE; and

a transmitting unit to transmit information regarding the first offset value[[,]] and the
second offset value, and information regarding 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 value, and

the second number of coded control information symbols of the second type transmitted from




12. An apparatus to assign to an user equipnent (UE) conmunicating with a
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 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 value, a second offset value, and a
Modul ati on and Codi ng Schene for data ijgformation (data MCS) to the UE;, and
a transmtting unit to transmt information regarding the first offset

val ue{[, ]ﬂle @Edlstde@nﬁﬁa@%e@t)ﬁw ANEMESs ardNfle E&BH& BBk dt %mt etgﬁ:rrﬁh ek {Jagq dat a

MCS to the UE, wherein the first nunmber of coded control infornation
synbol s dtontrhlequrmsttom %yp@otSﬂﬁﬂ@rﬁmtteue ¢aaprise Iqéarmal qualiyanformitived G6H% @dd on

t he data o t u an nunber
contr ol itw F%Iﬁ%% S#%‘%lgls H th hséa&gnélcgﬁa ‘togn r%%gl%/@fl%e&n fcgteh%flqg\ﬂtnhe UE
is deterrﬁdmdwlzﬁgﬁdemmm data MCS and the second of fset val ue, wherein

t he coded control information synbols of the first type conprise channel
quality information (CQ ), and the coded control synbols of the second type

conprise Acknowl adappRatus FAGKIMNARNE KRR BHSATRMm NN ymbols and chded 1a

apparatus for transmtting coded control information synbols and coded data
i nf or mat i BPrBgHRIFEYSbEIHduREE thesama ransnrissigming ingnvali the apparasvs,comprisine:

Fegar ding o Mo anrspiLie el R Aty AR Eo R CoBERH: fr
and i nf ordutt mfmmamge(rdalﬁamgcamrﬂfm&ahatmlra@ndmgmm affhaas'elus fraini abase stat1on a
conputing unit to deter

m f f nmbol
MR RIC IS R LSRR AL e S A PR s PSR TN G

i nf or mat i @ithe a4t MCS and the bffesd §aTué tR firalkdhhiksibiPof doafSIhiorhiforc agted control
i nformation synbols with the coded data information synbols, wherein the

control i nfor Melfansmitics witite demnspit heaended wantegl ipfoametion’ symbolst ‘ylﬂil tHeosaded i on

I(:t:(?e; ( Pm%%&%qﬁan%m or ?é%%ﬂt?w ﬁfi’;ﬂﬁ%@{ht W&gﬁg& ag?é o‘%}gctl:jl%m e?nl )1(3

wher ei n tduelityu rﬂn@nnaﬁoncdﬁféﬂ) c@WknwﬂeﬂgWha@A@iﬁ)ﬂﬁmnﬂmkmvdedgm&p@r{MKp t he
hi ghest that e i lit is equal to or higher than
a target I\ﬁpS ht“i}’ fs(]c))]gﬂ)i ﬁ@@%‘?ﬁqﬁg caioh ITB.tI on.

14. The apparatus of claim 13, 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.

15. The apparatus of claim 13, wherein the number of coded control information
symbols corresponds to the smallest number of coding repetitions that achieves a signal

quality that is equal to or higher than a target signal quality for the control information.

16. 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 apparatus comprising:

a receiving unit to receive information regarding a first offset valuef[,]] and a second
offset value, and information regarding a Modulation and Coding Scheme for data

information (data MCS) from a base station;




15. The apparatus of claim 13, wherein the nunber of coded control

i nformati on synbols corresponds to the snmall est nunber of coding
repetitions that achieves a signal quality that is equal to or higher than
a target signal quality for the control information. 16. An apparat us
for transmtting coded control information synbols of a first type or coded
control information synbols of a second type and coded data infornmation
synbol s during the sane transm ssion tinme interval, the apparatus

conpri si ng: a receiving unit to r¥ceive information regarding a first
of fset value[M and a second offset value, and information regarding a

" Modul ati on anda @ﬁﬁuﬁgg Sﬁlh%tefrm[nedﬁé Aurhibbr OF Bdet] @Bnttdl atfBroMioh s{HBYs 8f faase
station; nputing unit to determ ne the nunber of coded

control ﬁ%ierFYfﬁ’ﬁtbF%?H %W?B&lrl@ MEStand the fist offyperabesid tenlctierpingdbanwiisr #id t he
first of fgkg v@mlﬁ&m@nq?mybmeg nagg}a%%f Ctggﬁ?q] 2 0546 Gl the %é&h{fﬂ“ on
e d

synbol s of the second type sed on t e second
val ue; aneffset value;and ransmitter unit to transmt the coded control

i nformation synbols f the first r th cont t|on

symbol s of the SESOH Pn%g E%Fwﬂth%gg%ggﬁﬁﬁﬁpﬁqwﬁgg %ﬁﬁot ﬁ%&?§ﬂmﬁﬁereln

t heI codedth];e Qlﬁd’doéontrﬁlz inforatation éﬁnﬁmg los é&{j sebhel ﬂ‘ypilé sﬁuhh%@;%@@%%% &ﬂ“o&ﬁh@iagm

quality infqrpation, nd the coded contro sy ol s of the second type

conpri se ﬁ?gﬂ%@&ﬁw@ HlorEat et wablpeh the( fgagype comprise channel
quality information (CQI), and the coded control symbols of the second type comprise
Acknowledgement (ACK)/Non-Acknowledgement (NAK).




