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comuni cation systens are wi dely depl oyed to provide various
conmuni cat i gn content such as, voice, videq, packet data messagi ng,,
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equi prent s {UESFOPR? dereg E:i“‘r“ﬁ‘:r‘tsmt data to a UE on the downlink
and/ or may receive data fromthe UE on the uplink. The downlink (or
forward link) refers to the conmunication link fromthe Node B to the
UE, and the upI ink (or reverse | iBACKEROIND t he communi cation |ink
fromthe UE.to the Node B. The UE may send channel quality indicator
(CQ) informati okiefthdi cative of the downlink channel quality to the
Node B. Thedjpde BTRY ?én?(ﬁlsc‘?osﬁt%t Belatds %@§§Ql)990t&%n§glca'tteﬁoﬁﬁ@tﬂ1&@
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transmt new atggitctﬁ{?%tsﬂﬁe based on the ACK information. It is
desirable to reliably send and receive ACK and CQ information in
order to acﬂ eve_good perfounance. SUMVARY [ 0005] Techni ques for

sendi ng conttol Pasksromrtd on, such as CQ and ACK information, in a
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The UE may enepslesyigsmessage with a block code to obtain an output
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B to the UE, and the uplink (or reverse link) refers to the communication link from the

UE to the Node B. The UE may send channel quality indicator (CQI) information
indicative of the downlink channel quality to the Node B. The Node B may select a rate



design, the UE may set each bit to a first value (e.g., '1") for an
ACK or to a second value (e.g., '0") for a negative acknow edgenent
(NACK) . Thweo swe/orsd3sval ue may al so be used for DTX of A@Kriusioesessiioon.
This design may allow a Node B to detect NACK if the UE m sses a
downl i nk transm ssion fromthe Node B apd sends DTX for ACK
informati on. The Node B may then resend data to the HE, which nmay be
the desired response. 3 [0008] Various aspects and features of the
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[ 0010] FI G alag h,ems aamawwdgerhmr(mf@ Shm&atm foh laglovedivdakirai dhd! ploldo ks
[ 0011] FI GS. 3C show transm ssion of CQ and ACK i nformation.

[0012] FIG 4 %NB Bnay; ddsminepubathsr i pptmaysmit pnding dager te dapsugh new data
i nformati ony, {EQKBLEEPon IS ﬁ@ﬁ@m@orﬁﬁﬁ&@sﬁ iPakd BIEB[Q ﬁYab?y %ﬂﬂ@%n@géc@we

receive control information. [0014] FIGS. 6A and

decodi ng peéﬁ&mr@@mfmmqmn@slerm @h@\f@.@o@m%trmcgr ocesses for
sending control information. [0016]FIG 8 shows a process for

encodi ng control information. [0017]FIGS. 9 and 11 show two
apparatuses for sending control infQUNMMARY [0018]FIGS. 12 and 14
show two processes for receiving control information. [0019] FIGS. 13
and 15 showl®0fib] apdaskiqusesiof oyendiag etorimly ivfonnatiin, i sutlbrasaCBnand ACK
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[0006] In one design, a UE may map first information (e.g., CQI information) to M
most significant bits (MSBs) of a message, where M21. The UE may map second
information (e.g., ACK information) to N least significant bits (LSBs) of the message if
the second information is sent, where N >1. The message may thus include only the
first information or both the first and second information. The UE may encode the
message with a block code to obtain an output bit sequence. In one design, the block
code may be derived based on a Reed-Muller code and may comprise multiple basis
sequences for multiple information bits. The UE may encode the M MSBs of the
message with the first M basis sequences of the block code. The UE may encode the N
LSBs of the message with the next N basis sequences of the block code if the second
information is sent.
[0097] The second information may comprise N bits for ACK information. In one
design, the UE may set each bit to a first value (e.g., ‘1) for an ACK or to a second
value (e.g., ‘0’) for a negative acknowledgement (NACK). The second value may also
be used for DTX of ACK information. This design may allow a Node B to detect
NACK. if the UE misses a downlink transmission from the Node B and sends DTX for
ACK information. The Node B may then resend data to the UE, which may be the

desired response.



ot her variants of CDVMA. cdnma2000 covers |S-2000, 1S-95 and | S-856
standards. A TDVA system may inplenent a radi o technol ogy such as

G obal Syswemdoarsobhdbi | e Conmuni cations (GSM . An OFDMVBcSYBb& R
i npl enent a radi o technol ogy such as Evol ved UTRA (E-UTRA), Utra
Mobi | e Broadband (UMB), |EEE 802. 11 (W-3Fi ), | EEE 802.16 (W MAX),

| EEE 802. 20, Flash-OFDMO, etc. UTRA andE-UTRA are part of Universal

Mobi | e Tel ecomruni cati on System (UMIS). 3GPP Long Term Evol ution
(LTE) is an m rel ease of UMIS that uses E-UTRA, which enpl oys
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LTE and GSMwake:, descri bed in docunents from an organi zati on naned

"3rd Generation 4 Partnership Project” (3GPP). cdm2000 and LI MB are
described in docunents from an organi zati on named "3rd Generation

Part nershi p Project 2f i i rein may
be used for the systeﬁsﬁlﬁﬁﬁé ?@?m%gﬁgﬁﬁmm(g{ove as
wel | as ot hesoeoyst @16, asbwsadiigclésgehnRluRRhRsh syfieh. cl arity, certain
aspects of the techniques are described below for LTE, and LTE

t er mi nol ogy (Y8 0lsedPn? phses sypmpls drapeaissionsondhe dastndink apdoskrl G 1

shows a Wi repAasp Ccoanym i j : L TE
system Sys'??am EOO mayr}%ﬁﬁt%%@%%ﬁng%%ggpf%g%g%fgﬁgﬁ%d& her
net wor k ent 80185, Alfodishdsrayodses perdrmaed mna URad sodrooninel dafoesatisht h

t he UEs and al be yeferred to as _an evol Node B a .
base stati oﬁ,ﬁﬁéh a?ggssseSlﬁ)g‘fsnatgmcé:ts%l?er%@edbyoaﬁﬁgéa%éo E?F%‘ﬁ%?é’grgig Inforfhation.
t hr oughout {0MH45ystR6H. @hdnceR khddbploByf bBecodingtpedhigiayicQr nobile. A UE
may al so be i(ﬁf_grr%g %o as 1aoﬁgobi |l e station, a termnal, an access
termnal, al&I85criEr {iad 1V showitwe prigesses for scadige cppol fafornationy ul ar
phone, a pergmepl digi & Howdsirsdeddor £RBANg Bt IiEbSSSioADdem  a

w rel ess communi cati on device, a handhel d device, a |aptop conputer,
a cordl ess pHHAL, FIGSremdsld shewawo persgrteses for sending eontrolintormptdm23] The
system may rt ri I 1 SSl: l)—@%qg} . RQ
on the domﬁ{ﬁg? a%géj%nﬂgggg%lg&%ﬁlﬁ%%és}%g}s%?%ﬁﬂ%g at a f%llﬁ:n%h?rg?
send one or [Pk r dEENSnddibshew tme apataheesifor seckivingeonite dnfoonatieat | y
by a recipi E, i nunber ranspi_ssi ons has been
sent, or so 81[Jherﬁ é?é%&ﬁg??ig’g&g]ghagf%%ﬁ]aoﬁ&%c{cg%%‘{]% red. HARQ nay
inprove reliability of data transm ssion. [0024] FIG 2 shows exanpl e

downlink transm ssion by a Node B_and exanel e uEI i nk transm ssi on by
a UE. The transm ssion tinel DEJM&E&%$ iRIE into units of

subfranes. sulfra h : rticul ar duratjo e.g., on

milli secondﬁ?fr%s% RS %Eh%esp@%’sl%g@?dgae S S BEY ikt éls?%égﬁowg’%kw“gess
channel quakdtmufioatidnheystdodesuBh andDidy, FEMACEDMAS OFDBLA OSC-FDMA and
physi cal upljnk contr channel (P! L. to the Node B. |n the exanple
shown in FI éhe“zéys - e&s&g?lsséﬁﬁg%qﬁ“ nlfea\wf%t PEOiB st rhapegahly. A
every si xt hCEmA rsaetem reaydimpldhtidit b 3486 tdchndlogy Kich s HhiversaPT&restrial Radio
[ 0025] The Node B use the CQ information and/ or other information
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process the PDCCH to obtain the control information and nmay protess
t he PDSCH i Rvelutiey ddidds ow npeontieg cdease of UMSothatitses B- TR dewbik chipioys

OFDMA on the downlink and SC-FDMA on the uplink. UTRA, E-UTRA, UMTS,

LTE and GSM are described in documents from an organization named “3rd Generation




on the PDCCH and a re/transm ssion of a codeword on the PDSCH in
subframe it +10 . The UE may m ss the control information sent on the
PDCCH (e. g¥O2¢02ia23d85 t he control information in error) agwossod/assstoen
m ss the data transm ssion sent on the PDSCH The UE may then send
DTX (i.e., nothing) for ACK informationgin subframe t +12 . The Node
B may expect to receive CQ and ACK information in subfranme t +12 .
The Node B nay receive DIX for the ACKinforrration interpret the DTX

Fra 2, e ey BB QPP SRl e e PRl ety PO
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Node B to t s decoded co rec or in.err.or the UE. . The

anount of A C’iuﬁcrdok?cﬁ‘ﬂ‘? i edlsg E‘ﬁ/ggfgwg’slﬂ@drﬁﬁ{} sheplome memtioped ghpye
nunber of traRgnaktothdragkems @fll rhdo tté'&ndﬂggle% N FA %lagiﬁﬁ | GRain tdRFecACKF the
information nmay conprise one or two ACK bits depending on whether one

or two trantseHauesiastRescrbe beey ford- ThandETE rainplegy thessedimsmueinef hex
i nformati ondégaM L{fe more ACK bits. The CQ information may
convey the dovvn |nk channel quality estimated by the UE for the Node
B. The CQ Iﬁﬂ%} natFIGnlm’aw&bwp‘ele&ecwnwmtinms:ﬁteqma@ﬂ ivehich may besn LOE
a channel ity such as i £ rati.o SN , ..
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i nformati OnAlmgdeﬂ say bo prah&ethaﬂ&mﬂ‘huMQ vithedhs Rims tand ﬁfafmlsﬁ be referred to
determ ned bas d o][(} é)eng @ﬁgg ualjty netric. .In any case t he
anount of OB & fY Yfﬁja P ??g STAVELUE AGEGSSROIRfe Bien dt [¥hmay be
various fachgpaseUuffdugiout R sPiERendhcSORIhA! hehaRnaY Sr ik 2RI EeE fRY

downlink transm ssion, the foz mat for reporting the downlink channél
quality, t hé‘s‘éib%mffé*épdgia ammabikt gtatm g iemingh o pesgssdomrindlnksubbeiibaeinit, a

quality, ﬁtatxdrp e?d"eﬁgw %ﬂlaﬂ ngl%(}%%ggwﬁe%nm &@gg# LR (f’DtAS i1

bits. In other designs, Pise Fever
nore bits. MIORS As)dstmom w1w1d§$ @omz;untdaeonﬁemy, setmddkmixﬂ yde@‘@: a Eaptop

i nformation_or ACK nfo t. in a given
subframe. THE" fraaf/&géa’%s r}'&’f Vﬁlf B ({(% IHO%QQQL%SB?tO df'é rate agd in
speci fi ¢ suffoeapes Thatsystmnimyy Reppoaokybridyaierhitict fefrakdmissish tHARNPAERJB.
The UE nmay q? g%Cgalnf?w;maélonwhntherels no ACK inforpmation
to send, Eﬁ& e e B ray send ranigrissien offlaand exy sepf Qrecn
i nformati Onnﬂtﬁfbtﬁahﬁmbdl&snhrﬁﬁ afe ldha EQ@%@%&%% EaT%%cf nt AKX or the

information, e.g., in subframe t +12 in FIG 2 send bot h
CQ and ACKMRHIBIHEETR Ohfraiangrrissions hagbesnver, Qwempmeanma@@t@méslon

the PDSCH, & @countdied %Rermayzlmﬁgc%vgsﬁgh\%q q’Gﬂf %ﬁtﬁﬁh%m%g;y al so send

only ACK information, which I's 9] The UE may
encode onl y[0O2#] i nfESGmat shows @Kaszit hlo@@Qlinka rens&G@siannbyp kiéddeo® and example

vari ous mann n be. desj.rable for the. UE,to encode
and send on}l@% gmg%lf’“ﬁé}’l hﬁﬁ%?ﬁn‘&fn H I}&&ayolﬁefwgﬁl %B‘Eﬁ? i
Ehat }he NoslfbﬁBmeanEaﬂi subibiyie hesdiave atgagiculf anafsd, @), se@Btmiliscédia (HE).
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desi gn. The ACK I nformati oi may conpri se ‘t's, where N nay al so be
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may be used.to er&code up.to C |gformat| on bits and generate R code
in accordance with the selected transport format and obtain & codeword. A transport

block may also be referred to as a packet, etc. The Node B may send control



[ 0033] A generator matrix QR c+i for a (2R, C+l) Reed-Mill er code may
be given as: [Gl RxC QRRxC+l = GRxe Eq (2) where 1 is an Rx 1
vect or of wWORowAe3s and 0 is an R x 1 vector of all zewroswshdosskkA
(32, 6) Reed-Muller code may be defined by a generator nmatrix G32x6,
whi ch may be generat ed based on equatiogs (1) and (2). The 6 col ums
of generator matrix G32x5 may be denoted as vo through v5. A (32, 21)
second-order Reed-Miller code may be defined by a generator natrix

G32x21 cont LGt he Si 2 ditional ., col upms
gener at ed b?/ﬂ f?l ear ¢ W%’{fdgﬁnbrfkcd’mr? %lg?ﬂeilg)diéggf@dpaa fFqngmispion of the
col ums of C3&xmrd bara pmraai Gowﬁlh& siepeindhanc| (PDBCE) 1638 VE yuUBRme
gener at ed based o vo and v the eighth colum may be generated

based on vo ‘dfd vohe pRird ginfmatgny mayecqmaRsise e Lﬁﬁ?cﬁﬁyﬁ%’épfg“é deimit.e the
based on v4 r@ﬂﬂcé’ﬁlseﬁ @9315& dhe trﬁ@s@uss@n JH A€ vpRede ABY: & erq %ﬁ}%ubl?ﬁ e

taking 20 rows and L colums of (32, 21) sedéond- or der
code, wher e UE may Dieseginijie sﬂD@%lf@ Obhiiﬂu the cpnigol dGormadiorh ik knag quecermthe

e LR e
t 0 encode onmyigthamtraACEN uifomnatlwm,bwmcﬂ mdjommmsge:nemﬁf tat ¢ddeword is
0 for 1eka0: Lok e her g Cesr AN S L oii ekl
ML, 5 ML. 6 Mhe/ACK information on the PUCCH in subframe t+6. The Node B may send a
retransmission of the codeword if a NACK is received and may send a transmission of a
new codeword if an ACK is received. FIG. 2 shows an example in which the ACK
information is delayed by two subframes from the codeword transmission. The ACK
information may also be delayed by some other amount.
[0026] In the example shown in FIG. 2, the Node B may send control information
on the PDCCH and a re/transmission of a codeword on the PDSCH in subframe 7+ 10.
The UE may miss the control information sent on the PDCCH (e.g., decode the control
information in error) and would then miss the data transmission sent on the PDSCH.
The UE may then send DTX (i.e., nothing) for ACK information in subframe £+12.
The Node B may expect to receive CQI and ACK information in subframe #+12 . The
Node B may receive DTX for the ACK information, interpret the DTX as NACK, and
send a retransmission of the codeword.
[0027] As shown in FIG. 2, the UE may send CQI and/or ACK information on the
PUCCH. The ACK information may convey whether each transport block sent by the
Node B to the UE is decoded correctly or in error by the UE. The amount of ACK
information to send by the UE may be dependent on the number of transport blocks sent
to the UE. In one design, the ACK information may comprise one or two ACK bits
depending on whether one or two transport blocks are sent to the UE. In other designs,
the ACK information may comprise more ACK bits. The CQI information may convey
the downlink channel quality estimated by the UE for the Node B. The CQI
information may comprise one or more quantized values for a channel quality metric
such as signal-to-noise ratio (SNR), signal-to-noise-and-interference ratio (SINR), ctc.

The CQI information may also comprise one or more transport formats determined
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based on the channel quality metric. In any case, the amount of CQI information to
send by the UE may be dependent on various factors such as the number of spatial
channels available for downlink transmission, the format for reporting the downlink
channel quality, the desired granularity of the reported downlink channel quality, ete. In
one design, the CQI information may comprise 4 to 11 bits. In other designs, the CQI
information may comprise fewer or more bits.

[0028] As shown in FIG. 2, the UE may send only CQI information or both CQI
and ACK information on the PUCCH in a given subframe. The UE may send CQI
information at a periodic rate and in specific subframes, which may be known by both
the UE and the Node B. The UE may send only CQI information when there is no ACK
information to send, e.g., in subframe ¢ in FIG. 2. The UE may also send only CQI
information when the UE misses the PDCCH and sends DTX for ACK information,
¢.g., in subframe ¢+12 in FIG. 2. The UE may send both CQI and ACK information
when the UE receives the PDCCH and decodes the PDSCH, e.g., in subframe 7+6 in
FIG. 2. The UE may also send only ACK information, which is not shown in FIG. 2.
[0029] The UE may encode only CQI information or both CQI and ACK
information in various manners. In general, it may be desirable for the UE to encode
and send only CQI information or both CQI and ACK information such that the Node B
can reliably receive the information sent by the UE.

[0030] In an aspect, the UE may encode only CQI information or both CQI and
ACK information based on a linear block code. The UE may order the different types
of information to send such that the Node B can recover the information even in the
presence of DTX of one type of information, as described below.

[0031] The CQI information may comprise M bits, where M may be any suitable
value and M <11 in one design. The ACK information may comprise N bits, where N
may also be any suitable value and N <2 in one design. In one design, only CQI
information or both CQI and ACK information may be encoded based on a (20, L)
block code, which may be derived from a (32, 6) Reed-Muller code, where L>M + N.
[0032] In general, an (R, C) Reed-Muller code may be used to encode up to C
information bits and generate R code bits. The (R, C) Reed-Muller code may be

defined by an R xC generator matrix Gg«c having R rows and C columns. A generator

matrix Gy for a (2, 2) Reed-Muller code with R =2 and C =2 may be given as:
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G :lil 1j| . Eq (1)

[0033] A generator matrix Gorxc+1 for a (2R, C+1) Reed-Muller code may be given as:

Eq (2
Goo 0 q(2)

where 1 is an R x1 vector of all ones, and 0 is an R x1 vector of all zeros.
[0034] A (32, 6) Reed-Muller code may be defined by a generator matrix Gaasg,
which may be generated based on equations (1) and (2). The 6 columns of generator
matrix Gazxs may be denoted as vo through vs. A (32, 21) second-order Reed-Muller
code may be defined by a generator matrix Gsz«z1 containing the six columns of Gazwg
and 135 additional columns generated by linear combination of different possible pairs of
columns of Gazxs. For example, the seventh column of G may be generated based
on vg and vy, the eighth column may be generated based on vy and v, and so on, and the
last column may be generated based on v4and vs.

[0035] The (20, L) block code may be obtained by taking 20 rows and L columns of
the (32, 21) second-order Reed-Muller code, where L may be any suitable value. The
(20, L) block code may be defined by a generator matrix Gagsr, having 20 rows and L
columns. Each column of Gao. is a basis sequence of length 20 and may be used to

encode one information bit. Table 1 shows a generator matrix Gagxs for a (20, 13)

block code for a case in which L=13.

Table 1 — Basis sequences for (20, 13) block code

i | Mip | Min | Mia | Mis | Mia | Mis | Mis | Mg | Mg | Mo | Miyo| Mig1| Mixz
0 1 1 0 0 0 0 0 0 0 0 1 1 0
1 1 1 1 0 0 0 0 0 0 1 1 1 0
2 1 0 0 1 0 0 1 0 1 1 1 1 1
3 1 0 1 1 0 0 0 0 | 0 1 1 1
4 1 1 1 1 0 0 0 1 0 0 1 1 1
5 1 1 0 0 1 0 1 1 1 0 1 1 1
6 1 0 1 ] 1 0 1 0 1 1 1 1 1
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[0036]

A message of K information bits may be defined based on only CQI

information or both CQI and ACK information. The message may also be referred to as

a word, input data, etc. In one coding design, CQIl information may be mapped to M

MSBs and ACK information may be mapped to N LSBs of the message, as follows:

If only CQI information is sent:

a,=a, for k=0,.,M-1, with K=M, and

If both CQI and ACK information are sent:

where a, is the k-th CQI bit, with £=0,..., M -1,

a,=a; for k=0,...M-1],

Ay =a; for k=0, ,N-1, with K=M+N,

a, is the &-th ACK bit, with £ =0,...,N -1, and

ap 1s the MSB and ax.; is the LSB of the message.

Eq (3)

Eq (4)
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[0037] The message includes K information bits @y through ax.;, where K =M if
only CQI information is sent and K=M +N if both CQI and ACK information are
sent. The K information bits in the message may be encoded with a (20, K) block code

as follows:

b, = E (a,-M;,) mod 2, for i =0,...,19, Eq (5)
)

where b; denotes the i-th code bit and “mod™ denotes a modulo operation. The (20, K)
block code may be formed with the first K basis sequences or columns of the (20, L)
block code.
[0038] As shown in equation (5), each information bit a; may be encoded by
multiplying a; with each element My of a basis sequence for that information bit to
obtain an encoded basis sequence. K encoded basis sequences for the K information
bits may be combined with modulo-2 addition to obtain an output bit sequence (or
codeword) composed of coded bits by through byo.
[0039] For the coding design shown in equations (3) to (5), if only CQI information
is sent, then M CQI bits may be encoded with a (20, M) block code formed by the first
M basis sequences of the (20, L) block code. If both CQI and ACK information are
sent, then M CQI bits and N ACK bits may be encoded with a (20, M+N) block code
formed by the first M+N basis sequences of the (20, L) block code. The M CQI bits
may be encoded with the first M basis sequences and the N ACK bits may be encoded
with the next N basis sequences of the (20, L) block code.
[0040] In one ACK mapping design, an ACK bit may be defined as follows:

1 ACK for a transport block

o= Eq (6)
0 NAK for a transport block or DTX

where « is the k~th ACK bit for the k-th transport block, with £ =0,..,N—1.

[0041] FIG. 3A shows transmission of only CQI information in accordance with the
coding and mapping designs described above. The UE may map M bits for CQI
information to bits ap through anm., of a message, with ag being the MSB and au.; being
the LSB. The UE may encode bits ag through ayy; with the (20, M) block code formed
by the first M basis sequences of the (20, L) block code and may obtain 20 code bits &,
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through bjs. The UE may send the code bits on the PUCCH. The Node B may expect
to receive only CQl information and may decode the PUCCH transmission in
accordance with the (20, M) block code. The Node B may perform maximum
likelihood decoding or may implement some other decoding algorithm. The Node B
may obtain M decoded bits &, through &, ,and may interpret these decoded bits as
CQI bits.

[0042] FIG. 3B shows transmission of both CQI and ACK information in
accordance with the coding and mapping designs described above. The UE may map M
bits for CQI information to bits oy through am. and may map N bits for ACK
information to bits am through av:n.1 of a message, with ao being the MSB and anunc:
being the LSB. The UE may encode bits ao through am:n.; with the (20, M+N) block
code formed by the first M-+N basis sequences of the (20, L) block code and may obtain
code bits bo through bio. The UE may send the code bits on the PUCCH. The Node B
may expect to receive both CQI and ACK information and may decode the PUCCH
transmission mn accordance with the (20, M+N) block code. The Node B may obtain
M+N decoded bits g, through d,,,,. The Node B may interpret the first M decoded

bits 4, through @,,_, as CQI bits and may interpret the last N decoded bits @,, through
@yan @8 ACK bits,

[0043] FIG, 3C shows transmission of CQI information and DTX for ACK
information in accordance with the coding and mapping designs described above. The
UE may miss the PDCCH and may send only CQI information by (i) mapping M bits
for CQI information to bits a, through av. of a message and (ii) encoding bits ao
through an.) with the (20, M) block code, as shown in FIG. 3A. This is equivalent to
the UE sending CQI information and DTX for ACK information by (i) mapping M bits
for CQI information to bits ao through am.i. (if) mapping N zeros to bits ay through
amn-1, and (i) encoding bits ag through ey with the (20, M+N) block code to
obtain code bits &y through byg, as shown in FIG. 3C. The code bits by through 5o in
FIG. 3C are equal to the code bits by through 519 in FIG. 3A. The UE may send the
code bits on the PUCCH. The Node B may expect to receive both CQI and ACK
information and may decode the PUCCH transmission in accordance with the (20,

M+N) block cede. The Node B may obtain M+N decoded bits @, through &,,,._,. The
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Node B may interpret the first M decoded bits @, through @,, , as CQI bits and may
interpret the last N decoded bits &), through @, , as ACK bits. Since the UE sent

DTX for the N ACK bits, the Node B would receive NACKs for the ACK bits due to
the mapping shown in equation (6).

[0044]  The coding and mapping designs described above and shown in FIGS. 3A to
3C may allow the Node B to correctly recover CQI information and properly respond to
DTX even in a scenario in which the UE misses the PDCCH and transmits only CQI
information using the (20, M) block code. In particular, transmitting M CQI bits using
the (20, M) block code in FIG. 3A is equivalent to transmitting M CQI bits and N zeros
using the (20, M+N) block code in FIG. 3C. The Node B may decode the PUCCH
transmission using the (20, M+N) block code when the Node B expects to receive both
CQI and ACK information and may obtain M+N decoded bits. The Node B may
interpret the M decoded MSBs as being for CQI information and the N decoded LSBs
as being for ACK information. If the UE transmits DTX for ACK information, then the
Node B would obtain zeros for the N decoded LSBs (assuming correct decoding by the
Node B). The Node B may interpret these zeros as NACKs and may send a
retransmission to the UE, which would be the desired Node B response for the DTX
from the UE,

[0045] FIG. 4 shows a design of a process 400 performed by the UE for sending
feedback control information on the PUCCH. The UE may obtain CQI information
and/or ACK information to send (block 412). The UE may determine whether only
CQI information is being sent (block 414). If the answer is “Yes’, then the UE may
encode M bits of the CQI information with the (20, M) block code (block 416) and may
send the code bits on the PUCCH (block 418).

[0046] If the answer is ‘No’ for block 414, then the UE may determine whether both
CQI and ACK information are being scnt (block 422). If the answer is “Yes’, then the
UE may map CQI information to M MSBs and may map ACK information to N LSBs
of a message (block 424). The UE may then encode the M MSBs and the N LSBs with
the (20, M+N) block code (block 426) and may send the code bits on the PUCCH
(block 428),
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[0047] If the answer is ‘“No’ for block 422, then only ACK information is being
sent. The UE may encode the ACK information (block 432) and may send the code bits
on the PUCCH (block 434).

[0048] FIG. 5 shows a design of a process 500 performed by the Node B to receive
feedback control information from the UE. The Node B may reccive a transmission on
the PUCCH from the UE (block 512). The Node B may determine whether only CQI
information is expected from the UE (block 514). If the answer is “Yes® for block 514,
which may be the case if no data has been sent to the UE, then the Node B may decode
the received transmission based on the (20, M) block code to obtain M decoded bits
(block 516). The Node B may provide these M decoded bits as M CQI bits {(block 518).
[0049] If the answer is “No” for block 514, then the Node B may determine whether
both CQI and ACK information are expected from the UE (block 522). If the answer is
“Yes® for block 522, which may be the case if data has been sent to the UE, then the
Node B may decode the received transmission based on the (20, M+N) block code to
obtain M+N decoded bits (block 524). The Node B may provide the M MSBs of the
decoded bits as M CQI bits (block 526) and may provide the N LSBs of the decoded
bits as N ACK bits (block 528). The Node B may interpret zeros for the ACK bits as
NACK/DTX (block 530). If the answer is “No’ for block 522, then the Node B may
decode the received transmission to obtain ACK bits (block 532).

[0050] The coding and mapping designs shown in FIGS. 3A to 5 may avoid
decoding errors due to transmission of DTX for ACK information. Decoding etrors
may occur in an alternate design in which ACK information is mapped to N MSBs and
CQI information is mapped to M LSBs (which is opposite of the coding design shown
in FIGS. 3A to 3C). In this alternate design, if only CQI information is sent, then M
CQI bits may be encoded with the first M basis sequences of the (20, L) block code. If
both CQI and ACK information are sent, then N ACK bits may be encoded with the
first N basis sequences and M CQI bits may be encoded with the next M basis
sequences of the (20, L) block code. The UE may miss the PDCCH and may send only
CQI information using the (20, M) block code formed by the first M basis sequences of
the (20, L) block code. The Node B may expect both CQI and ACK information and
may decode based on the (20, N+M) block code formed by the first N+M basis
sequences of the (20, L) block code. The Node B may obtain N decoded bits for the
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first N basis sequences and may interpret these N decoded bits as being for ACK
information. The Node B may obtain M decoded bits for the next M basis sequences
and may interpret these M decoded bits as being for CQI information. The Node B may
obtain erroneous ACK information since the N decoded bits interpreted as ACK bits are
actually N MSBs of the CQI information sent by the UE. The Node B may also obtain
erroneous CQI information since the M decoded bits interpreted as CQI bits are actually
M-N LSBs of the CQI information and N bits of DTX. The design in FIGS. 3A to 5
may avoid these errors.

[0051] Computer simulations were performed to determine decoding performance
for (i) a first mapping scheme with CQI information mapped to MSBs and ACK
information mapped to LSBs (e.g., as shown in FIG. 3B) and (ii) a second mapping
scheme with ACK information mapped to MSBs and CQI information mapped to LSBs
(the alternate design). The results of the computer simulations are summarized by the
following plots.

10052} FIG. 6A shows plots of decoding performance for the first and second
mapping schemes for a scenario with 5 CQI bits and 1 ACK bit uwsing a (20, 6) block
code formed with the first six basis sequences of the (20, 13) block code. The
horizontal axis represents received signal quality, which is given in energy-per-symbol-
to-total-noise ratio (Es/Nt). The vertical axis represents block error rate (BLER). For
the first mapping scheme, decoding performance for CQI information is shown by a plot
612, and decoding performance for ACK information is shown by a plot 614. For the
second mapping scheme, decoding performance for CQI information is shown by a plot
622, and decoding performance for ACK information is shown by a plot 624.

[0053] FIG. 6B shows plots of decoding performance for the first and second
mapping schemes for a scenario with 8 CQI bits and 2 ACK bit using a (20, 10) block
code formed with the first ten basis sequences of the (20, 13) block code. For the first
mapping scheme, decoding performance for CQI information is shown by a plot 632,
and decoding performance for ACK information is shown by a plot 634. For the second
mapping scheme, decoding performance for CQI information is shown by a plot 642,
and decoding performance for ACK information is shown by a plot 644,

[0054] As shown in FIGS. 6A and 6B, similar decoding performance may be

obtained for the two mapping schemes. The computer simulations indicate that
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mapping the ACK information to LSBs or MSBs provide similar decoding performance
using the (20, 13) block code in an additive white Gaussian noise (AWGN) channel.
The computer simulations suggest that the (20, 13) block code provides equivalent
protection for all information bits and that mapping ACK information to either the
MSBs or LSBs minimally affect decoding performance,

[0055] For clarity, the techniques have been specifically described above for a block
code derived based on a Reed-Muller code. The techniques may also be used for other
types of block codes such as Reed-Solomon code, etc.

[0056] Also for clarity, the techniques have been described above for transmission
of only CQI information or both CQI and ACK information. In general, the techniques
may be used to send first information and second information, each of which may be
any type of information. The first information may be mapped to M MSBs, where
M =1. The second information may be mapped to N LSBs if it is sent, where N >1.
The M MSBs and the N LSBs may be encoded with a block code comprising a first sub-
code for the M MSBs and a second sub-code for the N LSBs. The first sub-code may
be equal to the block code used to encode only the first information. This may allow a
receiver to recover the first information regardless of whether it is sent alone or with the
second information. The second information may also be defined such that DTX of the
second information would result in proper action by the receiver.

10057] FIG. 7 shows a design of a process 700 for sending information in a
communication system. Process 700 may be performed by a UE (as described below)
or by some other entity. The UE may map first information (e.g., CQI information) to
M MSBs of a message, where M may be one or greater (block 712). The UE may map
second information (e.g., ACK information) to N LSBs of the message if the second
information is sent, where N may be one or greater (block 714). The first information
may be sent alone or with the second information in the message. The second
information may be sent with the first information or not sent in the message. The UE
may encode the message with a block code to obtain an output bit sequence (block 716).
The UE may send the output bit sequence on the PUCCH (block 718).

[0058] FIG. 8 shows a design of block 716 in FIG. 7. The block code may be
derived based on a Reed-Muller code and/or may comprise a plurality of basis

sequences for a plurality of information bits. The UE may encode the M MSBs of the
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message with the first M basis sequences of the block code (block 812). The UE may
encode the N LSBs of the message with the next N basis sequences of the block code if
the second information is sent (block 814).

[0059] In one design, if only CQI information is sent, then the message may
comprise M bits and may be encoded with the first M basis sequences of the block code.
If both CQI and ACK information are sent, then the message may comprise M plus N
bits and may be encoded with the first M plus N basis sequences of the block code. In
one design, the UE may set each of N ACK bits to a first value (e.g., ‘1) for an ACK or
to a second value (e.g., ‘0”) for a NACK. The second value may also be used for DTX
of the ACK information. The ACK information may comprise the N ACK bits.

[0060] FIG. 9 shows a design of an apparatus 900 for sending information in 2
communication system. Apparatus 900 includes a module 912 to map first information
to M MSBs of a message, a module 914 to map second information to N LSBs of the
message if the second information is sent, a module 916 to encode the message with a
block code to obtain an output bit sequence, and a module 918 to send the output bit
sequence on the PUCCH.

[0061] FIG. 10 shows a design of a process 1000 for sending information in a
communication system. Process 1000 may be performed by a UE (as described below)
or by some other entity. The UE may encode first information (e.g., CQI information)
based on a first block code if only the first information is sent (block 1012). The UE
may encode the first information and second information (e.g., ACK information) based
on a second block code if both the first and second information are sent (block 1014).
The second block code may comprise a first sub-code for the first information and a
second sub-code for the second information. The first sub-code may correspond to the
first block code. For example, the first block code and the first sub-code may comprise
the first M basis sequences of a base block code, the second sub-code may comprise the
next N basis sequences of the base block code, and the second block code may comprise
the first M plus N basis sequences of the base block code.

[0062] In one design, the UE may set each of N bits to a first value for an ACK or to
a second value for a NACK, where N is one or greater. The second value may also be
used for DTX of the second information. The second information may comprise the N

bits.
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[0063]  FIG. 11 shows a design of an apparatus 1100 for sending information in a
communication system. Apparatus 1100 includes a module 1112 to encode first
information (e.g., CQI information) based on a first block code if only the first
information is sent, and a module 1114 to encode the first information and second
information (e.g., ACK information) based on a second block code if both the first and
second information are sent. The second block code may comprise a first sub-code for
the first information and a second sub-code for the second information, The first sub-
code may correspond to the first block code.

[0064] FIG. 12 shows a design of a process 1200 for receiving information in a
communication system. Process 1200 may be performed by a Node B (as described
below) or by some other entity. The Node B may decode a received transmission based
on a block code to obtain a decoded message comprising multiple bits (block 1212).
The Node B may provide M MSBs of the decoded message as first information (e.g.,
CQI information), where M may be one or greater (block 1214). The Node B may
provide N LSBs of the decoded message as second information (e.g., ACK
information), where N may be one or greater (block 1216). The received transmission
may comprise only the first information or both the first and second information.

[0065] The block code may be derived based on a Reed-Muller code and/or may
comprise a plurality of basis sequences for a plurality of information bits. In one design
of block 1216, the Node B may decode the received transmission based on the first M
plus N basis sequences of the block code to obtain the decoded message. The M MSBs
of the decoded message may be obtained based on the first M basis sequences of the
block code. The N LSBs of the decoded message may be obtained based on the next N
basis sequences of the block code. In one design, for each bit among the N LSBs of the
decoded message, the Node B may provide an ACK if the bit has a first value or a
NACK if the bit has a second value. The second value may also be used for DTX of the
ACK information.

[0066] In one design, the Node B may obtain the received transmission on the
PUCCH. The received transmission may comprise a first output bit sequence if only
CQI information is sent and may comprise a second output bit sequence if both CQI and
ACK information are sent. The first output bit sequence may be obtained by encoding

M bits of the CQI information with the first M basis sequences of the block code. The
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second output bit sequence may be obtained by encoding (i) M bits of the CQI
mformation with the first M basis sequences of the block code and (ii) N bits of the
ACK information with the next N basis sequences of the block code.

{0067] FIG. 13 shows a design of an apparatus 1300 for receiving information in a
communication system. Apparatus 1300 includes a module 1312 to decode a received
transmission based on a block code to obtain a decoded message comprising multiple
bits, a module 1314 to provide M MSBs of the decoded message as first information,
and a module 1316 to provide N LSBs of the decoded message as second information.
The received transmission may comprise only the first information or both the first and
second information.

[0068] FI1G. 14 shows a design of a process 1400 for receiving information in a
communication system. Process 1400 may be performed by a Node B (as described
below) or by some other entity. The Node B may decode a received transmission based
on a first block code if only first information (e.g., CQI information) is expected from
the received transmission (block 1412). The Node B may decode the received
transmission based on a second block code if both the first information and second
information (e.g., ACK information) are expected from the received transmission (block
1414). The second block code may comprise a first sub-code for the first information
and a second sub-code for the second information. The first sub-code may correspond
to the first block code.

[0069] In one design, if the second information is expected from the received
transmission, then for each of at least one decoded bit for the second information, the
Node B may provide an ACK if the bit has a first value or a NACK if the bit has a
second value. The second value may also be used for DTX of the second information.
[0070]  FIG. 15 shows a design of an apparatus 1500 for receiving information in a
communication system. Apparatus 1500 includes a module 1512 to decode a received
transmission based on a first block code if only first information (e.g., CQI information)
is expected from the received transmission, and a module 1514 to decode the received
transmission based on a second block code if both the first information and second
information (e.g., ACK information) are expected from the received transmission. The

second block code may comprise a first sub-code for the first information and a second
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sub-code for the second information. The first sub-code may correspond to the first
block code.

[0071] The modules in FIGS. 9, 11, 13 and 15 may comprise processors, ¢lectronics
devices, hardware devices, electronics components, logical circuits, memories, software
codes, firmware codes, etc., or any combination thereof.

[0072] FIG. 16 shows a block diagram of a design of a Node B 110 and a UE 120,
which may be one of the Node Bs and one of the UEs in FIG. 1. In this design, Node B
110 is equipped with T antennas 1634a through 1634t, and UE 120 is equipped with R
antennas 1652a through 1652r, where in general T21 and R 21,

[0073] At Node B 110, a transmit processor 1620 may receive data for one or more
UEs from a data source 1612, process (e.g., encode, interleave, and modulate) the data
for each UE based on one or more transport formats selected for that UE, and provide
data symbols for all UEs. Transmit processor 1620 may also process control
information from a controller/processor 1640 and provide control symbols. A transmit
(TX) multipie-input multiple-output (MIMO) processor 1630 may multiplex the data
symbols, the control symbols, and/or pilot symbols. TX MIMO processor 1630 may
perform spatial processing (e.g., precoding) on the multiplexed symbols, if applicable,
and provide T output symbol streams to T modulators (MODs) 1632a through 1632t.
Each modulator 1632 may process a respective output symbol stream (e.g., for OFDM)
to obtain an output sample stream. Each modulator 1632 may further process (c.g.,
convert to analog, amplify, filter, and upconvert) the output sample stream to obtain a
downlink signal. T downlink signals from modulators 1632a through 1632t may be
transmitted via T antennas 1634a through 1634t, respectively.

[0074] At UE 120, antennas 1652a through 1652r may receive the downlink signals
from Node B 110 and provide received signals to demodulators (DEMODs) 1654a
through 1654r, respectively. Each demodulator 1654 may condition (e.g., filter,
amplify, downconvert, and digitize) a respective received signal to obtain received
samples. Each demodulator 1654 may further process the received samples (c.g., for
OFDM) to obtain received symbols. A MIMO detector 1656 may obtain received
symbols from all R demodulators 1654a through 1654r, perform MIMO detection on
the received symbols if applicable, and provide detected symbols. A receive processor

1658 may process (e.g., demodulate, deinterleave, and decode) the detected symbols,
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9 [0037] The I ncl ude tion.bits othrou a

where K = ({Hf%gf) rb% &“@‘r [?% d@%nﬁ‘”&nﬂ fa_sqyree RF?‘?ZTD B‘gtcﬂnt&ﬁ
and ACK i nf gifbmdation (@5 CRANhforhigonK ACK Q{fﬁﬁﬁdﬂ%ﬂ cht)ffro'rﬂ‘ céﬂiﬁ;ll@i&ﬁ%@eﬁﬁ)r
may be encoded with a (20, K) bl ock code as fo 110

mod 2 , k =06§bmay be grocessed_L ¥, Edfapsmyit processor 1664 plecoded by a MIM
processor 1666 if applicable, conditioned by modulators 1654a through 1654r, and

transmitted to Node B 110. At Node B 110, the uplink signals from UE 120 may be
received by antennas 1634, conditioned by demodulators 1632, processed by a MIMO
detector 1636 if applicable, and further processed by a receive processor 1638 to obtain
the data and control information transmitted by UE 120.

[0076] Controllers/processors 1640 and 1680 may direct the operation at Node B
110 and UE 120, respectively. Processor 1680 and/or other processors/modules at UE
120 (and also processor 1640 and/or other processors/modules at Node B 110) may
perform or direct process 400 in FIG. 4, process 700 in FIG. 7, process 716 in FIG. 8,
process 1000 m FIG. 10, and/or other processes for the techniques described herein.
Processor 1640 and/or other modules at Node B 110 (and also processor 1680 and/or
other processors/modules at UE 120) may perform or direct process 500 in FIG. 5,
process 1200 in FIG. 12, process 1400 in FIG. 14, and/or other processes for the
techniques described herein. Memories 1642 and 1682 may store data and program
codes for Node B 110 and UE 120, respectively. A scheduler 1644 may schedule UEs
for downlink and/or uplink transmission and may provide assignments of resources for
the scheduled UEs.

[0077] Those of skill in the art would understand that information and signals may
be represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thercof.

[0078]  Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or

combinations of both. To clearly illustrate this interchangeability of hardware and



where bi denotes the i-th code bit and "nod" denotes a nodul o
operation. The (20, K) block code nmay be formed with the first K
basi s seqeme®s/123p35col ums of the (20, L) block code. POOE810A50386mWN
in equation (5), each information bit ak rmay be encoded by

mul tiplying ak with each el ement Mk ofypa basis sequence for that
information bit to obtain an encoded basis sequence. K encoded basis
sequences for the Kinformation bits nmay be conbi ned wi th nodul o- 2

coded bi t s BEORPaelb BBt iR RRHS S BB RIBL Y, ETRR R Sen

equat i ons ( @sctied(dbpye gdnecatilyyin €Ghs bhfheir tﬁmicnomnlm %Bﬁher duble ﬁnﬂb’h@i@hty is

bits may be. e codedvm bl ock cpde fo the

basi s sequeH’& gmegted ﬁ%tk'("?@”agq_fr B%ﬁm tff?aém&lfpoﬁo ﬁfﬂﬁ‘ E’HCFPR 3% and
i nfor mat i ondayigh SoRBtkaintk aPosHl GRlthddbdesalBidieM. A 4rfisdBYnddmPRERACHe
with a (20, Mt bl ock code forned by the first M+N basi s sequences
of the (20, despribpdodyacHenpdily Theramiazywayp tfer pagh wartisnied deplicatiem besuch

first M bas e t
next N bag, SRASEMARASGote MR F e BB 4R R RIEO0 Al rbne
mappi ng desstglrpwéﬂlemelmdtschayebe defined as foI lows: {1 ACK for a

transport b 0 K for a.trans

5 he ket R i (MOF o ROwCRSRRIE Dot o oo ol Rtuis S in
[ 0041] FI G Bdhnshmmlt}rﬁlslmblsmwhemfn roay L}e it enenfed rompérifemet With a general-
accordance wth the codi n E pi n @5 s descri bed abgve. The
UE may map R)I“BP%GSP‘-’P%ESS%@‘ ?1 |P69? %381' > &% SPNICBIRPhSPE RIS Tpfperated
nmessage, W tRc@oARCNG ide pl\@%@ﬂﬂaz@@ate ar I(FmAhsr bE8 priR8mElaEIE w
encode bits ao rough ami wth the (20 bl ock code formed by
first M bas ﬁ@wgee &iete et qrh&far(szs@r [ogia| Gedecte okradwisre paRyPBBALEi AT zv@y
code bits b r Ern B S

PUCCH. The 90@&9&60%3@&%%2%3?@ t %-Wr? (g:;]éfl ve on@ﬁ&%&% W gg&n%%ljle%ln g[%‘h%l_
decode t he PUQGH mrewnsminsgibor mmroamwdiahuten\ﬁhetditenheve( 2@, priijestoir ol be

code. The e erform nym | i. kel i d decqdin

i npl enent 2'%19 contvgrﬁ%ngle%m%essorn? 8 tﬁlﬁ%rocPﬁeOIK%ﬂ%r %ﬁqmglgﬂ? agﬁ% casor
decoded bi t smaglalst Ibe duaglbmankd amlcdmynathh @f poreputinh @s e cabee gde dohbihSicasof
CQ bits. [OOﬁ%FIG 3B shows transm n of. both CQ and ACK

i nf or mat i on?i WoAc@BY d&nBRIGRORSEHe & P‘i"l Yol FAPBPIALLSHUS grg or more
descri bed aBﬁM@proa_éB%rJ{rEedﬁﬁMctﬁEﬁmowM PDEP chRl orQQy okifet a{cmbh@gguét@nbl ts

ao through am 1 and may N bits for ACK information to bits am

t hrough am ENBObf ghﬁre%%g@f awpetod @t bgdighmnh gespipda id cemtention siithgthe
the LSB TheisdibbuMcREAAS oAkl onal AM]

M1-N) bl ocklscogGr orremed by t | rét MﬁNglbgisi séteaéﬁeér%é‘gsﬁlggﬁggée?gg,
L) bl ock cotie agndcassy, obinad norrﬂmd@ldm afghbove.hr Augbitbdrd mothke WEy mayde in

send the co its on PUCCH. Node expect ive
both Q. and RGBT, MR T ROME Bk PHRMMBERERy, FERRRE R
accor dance viglsters, hard(R€k, a brNvableaiddk, @Gﬂ:eROMJer N@dﬂh@ﬁ f@f@yoﬁﬁﬂdrag';ennédfﬁﬂn
decoded bits a, through am-N L The Nod n% ret the fi gs% M
decoded bi t 5" M5 AGH HheicmRErEePrage i e SRR SRR Wi
decoded bit &eﬁﬁb&e@&fo@ daihredd Medinlatia® fbkKamt Hofite ihRPdnl 16 thd Gotdd\Weedium.
transm ssi on of i nformation and DIX for ACK i nformation in

accor dance W the 4‘%@%@@ thegteirgs medpnmppydesipgem Hetbe Prasessornbbraprodqsgor
UE may nmiss n fde) i

Teppl g M b Hoor ey AT S EA4P h o ACLMTRE B O esde)in a s
message andtc(rmm)al ededhe m@cmﬁfu@, de proceughamhtlic stotape tnlrﬂdu(n?@nayl\/ycsﬂdbmsk
code, as sh&bC J(e Fl Ghen%u, ubers[emmet\qw valent to the UE sending CQ

i nf ormati on“&A4 DI XPPoT /&&2 irhformation by (i) mapping Mbits for CQ
i nformat i on[G081pi t In agnet br augl &taniplary i d@mgﬁﬁ,plﬂ‘lel’l@uﬂ‘dtiéﬁ QSSchBecblrh@ a

t hrough amt and. (.i1]) encodi bits ao throu e
9 E\al’ﬁp emented (m fuzrdware, software, fs rmware, or a y com matlon eremh

tmplemented in software, the functions may be stored on or transmitted over as one or



DTX for the N ACK bits, the Node B would receive NACKs for the ACK
bits due to the mapping shown in equation (6). 10044] The codi ng and
mappi ng déx¥o gws/1zkescri bed above and shown in FIGS. 3A PoTAS20089338609 ow
the Node B to correctly recover CQ information and properly respond
to DTX even in a scenario in which the 4JE m sses the PDCCH and
transmts only CQ information using the (20, M block code. In
particular, transmtting MCQ bits using the (20, M block code in

The (20, M bl B tonh 8 hadttich bhhietidican iy Callof B30

transm ssi omchslenboth hempit€r, stdvidd médio add @adeunideeion bieeiaNaded ik gxpaediom

to receive ho and ACK.informati on and may obtain MrN decoded

bt 6 e NG R s et o PR SV EISOPAE BEMBIReF orh etroge

i nf or mat i onnAl hiicoMNngesaunt: haBs (as chebd@odesd édgfa‘l) Bﬁ@béelqg-spécfial
e wou

the UE transmts DIX for ACK information, then the
obtai n zer o8UIFC EHAUEIdeBHFey SBAmples dighinaglimgntiate sudieewseputey-readable

Node B) . Thehaden RofYisd RARAESH, BESROM SEHS a
retransni ssion t_ont_ ﬁfe}El—IISI'E i'ch woul ¢ %e ’tﬁe%@% m@gﬁr@%{sggﬁg@
for the DTXnfagesfictdhsk $4Fagel QU Fha@netic sitroges deviatesirgny ofheampdinoethst @00
performed b fo ending .feedback, control .infornmation.on the

bUaoH | The. DEVay S SBERD e e SRR EeeRGrS T e PR o ga
send (bl ocksticyres drtlethbifcaneye aedsesdiyne guteedparpos by spetdl-purhese rdiipotr,
is being sent (block 4143). If the answer is 'Y %@ t hen the UE may

encode M bi P 2R THEPERIC % BRI B HPTHoS R (50, 2R SHIsEIonCE dBoerly
(bl ock 416) (@med FBYmsRadchdiBlcGRdRuR For XambheirCERwaR! 9 GXndBdd from a
1004611f the answer Is 'No' for block 414, then the UE may determ ne
whet her bot ebxie: sgirraotharemaigspane a¢es beptidalseble. fisr opkc gabdy, twisted

and oy mapP AR SRt HHE (R TR iTBRs bR TR & Tyl A Rand
UE may t hennagrowes, thpa e VBBs2lacadle, HibeNoptBBsabid, tthvistdiepain 0YSIvidy) wintlessk
ca0 b % RO LA N8R B3, R0 HERURTHL R 055 d%r
i nf or mat i onniegiureilvigk s@ndisc, Ahescdheny, ivmadd @ompect AGK (CDJ,asd@aYisEDptical
[0048] FI & 4 Sh RN Gableghi o DU0pr bumactiaoah apray i Byoe Hothisee
el A L1 T o 1 P Bk Sisy itk B

B may det er FRA@IAH@IhY therabpvoshoyldfasenks inghdpd withine dieettops efmcomputeE
(bl ock 514) ealifnit heg@nswer is 'Yes' for block 514, which may be the
case if no data has been sent to the UE, then the Node B may decode

t he recei vedPI82hns ks siromousaksediption phine(d26]osve ibbwskled ool endbl: oiyt @irsonM

decoded bits,. C . The Node ma, rovi de t e.M decoded, bits
2o o0 bi PR R P Rt Galgi RS nERfef RGN 5 g e
514, then t hell NodeadBy rpyarciatieiissekibetiare Hotahd G gawrtlc Plitciples defined
information are expected fromthe UE (block 522), If the answer is
'Yes' for bPGER %?gge q‘Eﬁ e raenscyidiovt 5@@% ﬁf‘%&t Q& $EoRePE
the TIE thak difgoshedeTBismy @Rrede it het HRE&IVShe! AR SEE ShnlASSHd
on the (20, MtN) bl ock code to obtain M:N decoded bits (bl ock 524).
The Node B A&ygsr&ssihed theeeivbisEstogre fqserdge desiadest soopasongiseat with the
(bl ock 526) i : t he decoded bits as N ACK
bits (b|ockP@%%?e?¥ﬁ@ﬁ§§é%ﬁﬁ%Egﬁgkﬁﬁggﬁﬁgt zeros for the ACK bits as
NACK/ DTX (bl ock 530). If the answer is 'No' for block 522, then the
Node B may decode the received transm ssion to obtain ACK bits (bl ock
532). [00501The codi ng and mappi ng designs shown in FIGS. 3A to 5 may
avoi d decoding errors due to transm ssion of DIX for ACK information.
Decoding errors may occur in an alternate design in which ACK




[ 0054] As shown in FIGS. 6A and 6B, simlar decoding performance nmay
be obtained for the two mappi ng schenes. The conputer simulations
indicate that 14 mapping the ACK i nformation to LSBs or MSBs provide
sim | ar decodi ng performance using the 120, 13) bl ock code in an
additive white Gaussi an noise (AWEN) channel. The conputer
simul ati ons suggest that the (20, 13) block code provi des equival ent
protection for all information bits T?¥§§§§ mappi ng ACK i nformati on
to either the MSBs or LSBs minimally a decodi ng performance.

[ 0055] For clarity, the techniques have been specifically described
above for a bl ock code derived based on a Reed-Miller code. The

t echni ques may &l so Be mebed f of wniisg tyfposatish Ghoek condewimtioh swtem,
Reed- Sol onpn_code. etc. [0056] Also for clarity, the techniques have
been descrl%gﬁjé%%ve for transm ssion of only CQ information or both
CQ and ACK i nf giappibp Ofitst IdfoieR@bato, M Rfdst @R EHEBitdTAVISIDS) ‘é%'%dnfegsage
send first information and second information, each of which nay be
any type oFhpifMiheny grreafeie fir st i nf or mat i on may be napped to M

MSB: wh M I i
s sent where ReRb et B 0 T R AR RS S B B G eivegt I
bl ock codethecrgamidinfogmatidn i Stntswhere NIB dnelor gleated) MBBs and a second

sub-code for the N LS{; The first syb-code may be equal to the bl ock
code used to enE¥gd! 9 mpeseage; Wik 2 bledt rRds: b‘flﬂer%ﬂ? ﬁx@ynﬁpxwmg is sent

receiver tﬁ’loﬁ@%v%tht bR kbdod in@%r‘ﬂ{a%ﬁ' an tﬁeegﬁés }Q@x@hp%e Isbedr®
sent alone or wth the secon ormation. The s mat1 on may
al so be deinforethtionchsenhwith BiexXinsf infdrenater ondoti smﬁtonmmmmagmul d result
in proper action by the receiver. [0057]FIG 7 shows a design of a
process 700 for sending information in a comruni cati on system
Process 700 mayzbe pen gl cm/clﬁmUE WiRtei8RE blobR doREtAMPriRE aPlurSBiEof
other entity. The UE may na? first information (e.g.
i nf or mat i obgsiy seavensBstonfa alureléyagle mfomz@nl\wmyandevvbﬂemotheg et the
(block 712). _Th econd. i nformation (e.g., ACK

SN SR g B

i nformation em?g ‘ﬁ%gggge if the second information is
sent, where N nacodigahe MMIBLEH BE n{datape kvithlAgst MIB&is defBénces of the block
i nfor mati on may be sent alone or with the second information in the
nessage. TH¥es#bnd information may be sent with the first

i nformation or S C e

wi th a bl ock co%gkgggbh?gP%sggoou 5ﬁ?§%¥?gﬁggﬁéﬁ§§’§ f%@%m%%%?f§$%§&%
UE may sencohdeliétheustand ibfokmseguieseg. on t he PUCCH (bl ock 718).

[0058] FIG 8 shows a design of block 716 in FIG 7. The bl ock code
may be derived based on a Reed-Miller code and/or nay conprise a
plurality of basis s I t

Uk may choode the M AEEE ot P idSn the Bl R BR TR DRk ehahl
sequences q@mﬁhenbh@nMTC@HE)(bt@ukmﬁﬁﬂ)muﬁhﬁwUEeqam.emﬁuﬂEUbﬂecNmbﬁas
of the ness basi s sequences of the bl ock code if

t he second? ﬁ%@gﬁ%ggpg%(ﬁgﬁééﬂynPB‘%bk 814). [0059]1n one design, if
only CQ information is sent, then the nessage nay conprise Mbits
and may be encoded with the flrst M basi s sequences of the bl ock
code. If both andhaoethiodfod eleimilofirtheecaaprising:hen the nessage may

conprise M plus enco th t he rS

basi s sequences %#§%%I g&@%gﬁ%gﬁgﬂgﬁﬁmgﬁg‘ 1sﬁoag% 6&‘#§€N%§F§%%
of N ACK bikécoh@ vahfel fos b négitiie e(cﬁn@v],edgéhléntf(NF-\CﬂQ ARKred tHeQseBorREeANSis
val ue (e.g., for a NACK. The second val ue ﬁé al so be used for

1 OI
DTX of thealA@v{S?d?]‘fOérdhsapmwousrﬁfén%@mwaﬂapf de ARIK wdrpation andewherein
ACK bits. [ B:ForRashe ﬁsggﬁlleq@A@ &%, apparatus 900 for sending

information in a comruni catl system paratus 900 includes a
nodul e 912 to map first information to M MSBs of a nessage, a nodul e

5. The method of claim 1, wherein the block code is derived based on a
Reed-Muller code.



a second value for a NACK, where Nis one or greater. The second

val ue may al so be used for DTX of the second information. The second
information may conprise the N bits. 16 [0063]FIG 11 shows a design
of an apparatus 1100 for sending inforn2iion in a comrunication
system Apparatus 1100 includes a nodule 1112 to encode first
information (e.g., CQ information) based on a first block code if
only the first information is sent, and a nodule 1114 to encode the
first informati on and second information (e.g., ACK information)

based on a secofd bl dalappamasithr dypthunibaion) eahprgiok:second i nf or mat i on
are sent. The second bl ock code [ rise a.first.sub-code for.the
1 Pt i or mat; Bhieh @S Pitretna el B oS Tt OBRU M droms piggificant
The first sub(ASBE) HBY neQEzESPRAE M §s bikCof predfer, b fdp £O6IRE inFARRADFkSGN
12 shows a_design_of a process 1200 for receiving information in a
communi cat 1egpt ssgrsfieant bty deds of ieonersgeeié thseeeandnstbrivptien iNodet, BhewgsN is
descri bed Q y r.entity. The No decode

recei ved t?g(lﬁso\r%? %rgétgltr; %gigg)g eg%&ge gﬁ%olctffg%g?jewﬁ ao%ﬁ’ﬁ?n&g%dgggﬁeéﬁ the firs
message CORfoinsdtidg isubiti Phiee B with (i alsnd 208)mationeinNBe endBsagay aldl UEGE
M MSBs of the decoded nessage as first information O&eqﬁ._,

i nf or mat i ofe seqRelifopmatgn Feeprithhedirgdntormatigroenact sepdjn thepeessgsge B
may provide N LSBs of the decoded nmessage as second infornmation
(e.g., ACK information), where N nay be one or greater (block 1216).
The recei ved trédnsm The apparays ofrefuinse vdrergin ttheblock sbdé odmpriset iagiuatity

both the first .and second i nformatiaon. .[ 0065] The bl ock code nay. be
derived ba$ g’aﬂﬁ SEAYRBET- W1 & Qﬁlrggﬁéﬁg‘ﬁa;rﬁ’@tlﬂé}ﬂéoﬁﬁ wdgren ﬁl‘%?%lqaftyone
of basis semiieneess koragntd W ahtdde ok NIREBLE A RlebSipe WMuP REst A0S hEY;

of block 1216, the Node é may decode the recelived transm ssion base
on the firstquehgsud the baskscodeguehivesncofle theeNblL¥Rk of ttemessaghwih mekh &l

decoded nessage. The f th ecoded. nessage .may. be obt ai ned
baced on t REAY foutiegs B MR o R0 SR TR R i "o N Las of
t he decoded nessage may be obtai ned based on the next N basis

sequences of the block code. In one design, for each bit anong the N
LSBs of the dec8ded riB8saparatehet Nedien B, maiersiro\thel eataleapiCring fpro¢rssdyi is

h fi } h it h | T, d
hae 21 L LA e DA g AR P By RS
desi gn, the Aleel®nB vanye fobh alepativaerckeeelielgdndnt ANAKNKDS ivbBre@NtHeecdldGrathe

The received transm ssion may conprise a first output bit sequence if
only CQ i Hraasaer 4er digcogingousignpmipsion ML e el thestelonefopnatinm and wherein
sequence it uﬁgr W Imgi sent. The first out put

bi t sequencheel%‘re}rr;‘t('l;)}1 eoé_@{ag?lﬁe %@Jeg?]co FA%KHtgl ts of the CQ

information with the first M basis sequences of the block code. The

17 second out pu% bit se uenceﬁma be obt ai ned by .encoding (i) Mbits
of the CQ informati St ARPRIRTYS 8"_‘1“?1?}‘“1@‘[55’3?%‘? U&nces of the bl ock
code and (i1) NpRiah$ fQf mafisinfHfst AEQRMIRbA 95 W hbsti i AEHE biYs RRAIES) of a
sequences of the bl ock code. [0067]FIG 13 shows a deslgn o? an

appar at us 188$gtovheredeisvinegrigrdateryat i on in a communi cati on system

Apparatus 1300 includes a nodule 1312 to dec recei ved.

F e sai on balBamb (P PG KL TR Yo BUCHTEAHE B geSBS) of the
conpri si Ngnivdédek P e Bédofid irforRaings dent Avii@e Fi9vheer MeiBBangf the
decoded nessage as first information, and a nodul e 1316 to provide N

LSBs of the dec#thens fssaenfnstheseastasg Wilf oblogk cede, whawsin the dirstdaformation
transm ssi r.: 1 rst i.nf I .1 he
o SR oot on G R0, 8 R B8 s
process l4@ffofroatiohas sént i thafiest trfbin@itioh dr o CATthE Alck@Pe.SY St em
Process 1400 may be perfornmed by a Node B (as described bel ow) or by
sone other entity. The Node B may decode a received transm ssion



devi ces, hardware devices, electronics conponents, logical circuits,
menories, software codes, firmvare codes, etc., or any conbination
thereof [0072]FIG 16 shows a bl ock diagram of a design of a Node B
110 and a UE 120, which may be one of th Node Bs and one of the UEs
in FIG 1. In this design, Node B 110 is equipped with T antennas |
634a through 1634t, and UE 120 is equi pped with R antennas 1652a

t hrough 1652r ere el\pcq%il%

transmt proces\ggr 1%%%@7%%5%2&\???; H%%? t%egglgg%%dre %%gﬂu{ghty
dat a sour cef b8 sequences for( 2. @urﬁh‘enobdtﬁpnnattoar biegvand whereimthd ateans for

the data for gac HE based. @h Jore transport formats sel ected
for that UE'® Br BisFHES 34 %%ﬁ ‘B’anéi’ISFS UEs. Transmit processor

1620 may al so pfrfe@@ssﬁ)reﬂwds hbmﬁmsr@st bofle fl Q8RB vAANELPM i?c{s(spsreéfﬁéﬁ%és%f
1640 and provi de control ols. Atransmt (TX) multiple-input
trruhl tipl te oltheihlﬁ k(quim@fldpr ocessor 1632bmay mul ti pl ex the data %ggol s,
e control sy pr.ocessor ma
perf orm spat i argl%lfl%gc@gggc{%?g hs% Lg%écgél?%la)essgﬁe% f BEyrences o
synbol s, i theappdki wadblifthe sdn® irf¥intteioh iOstnput synbol streams to T
nodul ators (MODs) 1632a through 1632t. Each nodul ator 1632 may _
procetss ? respfactl ;/e out puté{}jynbogli streigé(%e g. 1;: o[ hG:DM to obtain
an out put sanpl eystr Tn&ﬁ!f . rther process
(e.g., convert ?o angﬁgﬁg&% 1ﬂ-\tﬁ’lfkl 3 ¥ISI pc€onvert) the out put

sanpl e stream t meeint far Betangeamlj ofrﬂi aSkxgwMédgefﬁeﬂD@ﬁ'ﬂiKﬁkxtﬂogﬁﬂiss valu@far an
nodul atorsééﬁgZa throucgé16 ma be transm tted via T _antennas

1634a thro P649t2 ¢ lﬂevécr negefe agknprlefgement (NhqKe whersin the
through 16526ndBYahEGET Y8 tﬁg%ddﬁaeﬂhi PénthgR&! Ranbih 1 d
provi de recei {I/ed a}5| gnal s %o denodul a;:'t ors ? I\/%Ds‘) g%fé’%gggT% ‘hgﬁﬁ@ ACK
1654r, r espdemiajiohyandEeludrcidémpsbabat mforiGEdn vaypcos did NoYCK ditg. |
filter, anplify, downconvert, and digitize) a respective received
signal to obtain received sanples. Each denodul ator 1654 may further
process the recepvedasanphgs b€ @ndinkOinfOMont QnoRt %bﬂuﬁlﬁ?c%hbfﬁds stem,
synbols. A M MO detector 1656 may obtain received synbols froma¥ R
denodul at of@MIBBALZ t hr ough 1654r, perform M MO detection on the

recei ved synbol n o) nbol s. i
receive pr ocess%lr bﬂlggggann%?g?ag% 2115(9 réw&gé%%%ﬂ]eoﬁé’i‘?‘?{ é’lgf@a?%t,blts
and decode]MBBe) sfetredsegt, suheallss onel&gteaw de decoded contr ol

information to a controller/processor 1680, and provi de decoded dat a

for UE 120 to aM@BPHESfkew mepb@v@]iquwhe@m Nilcashsignificatpits daBBs)
froma dat Q COPLEL

i nformati oﬁﬂ% %&#ﬁgﬁ%, et cﬁﬁonf@%%l{% r ol ﬁgn or ggg%or 1680
may be pr ocessedldoyln@ the & VIS Bs pf dmassssagel@ﬁﬁ,ﬁrpﬁlelcmm&yer&ei & MMk
processor (feG [ appl i cabl e, conditioned by nodul ators 1654a through
1654r, and“t tted to Node B 110. At Node B 110, the uplink

si gnal s from UEed2Qinamy RELEB6 B R BN ARNRS: KORis QAL O
denodul ators 1632, lproc%ssed by a 3 et ector 1636m| aplﬁ%gl ca Pbl?%k
and furtheﬁomﬁd@s%@lﬂlmyrraaucemesw pr ocessor 1638 to obtain the data
and control information transmtted by UE 120.

[ 0076] Control | ers/ processors 1640 and 1680 may direct the operation

at Node B 110 aml UETARGhetdaSHredhiny &b ywhéDéﬁCtﬁg%%s%@&%nﬂﬂ@ésOM BkdELd is
processors/ nodul es at HE 120 (and al so processor 40 and/ or ot her

pr ocessor seifeded withdhe fisd M Bagis oyquengespeithe bloclcodé iewtly G debsmadon is
in FIG 4, se% % %éhez«%ﬁ tlllenmggs% ZOm s%g lélsé&\ggfﬁ%i % 1? Seng%dse@r\wg‘b% ﬂ}‘st%

in FIG 10, or 0 oc sses

herein. Pr pmesc{swmslseq&naéwmhe blbble&odmﬁbbms:@ anldOSIEK Bn b1 ati Gile 9ér 0
processor 1680 and/or other processors/nodules at UE 120) may perform

or direct process 500 in FIG 5, process 1200 in FIG 12, process
14. The method of claim 12, further comprising:



connection wth the disclosure herein may be inplenented or perforned
wi th a general - purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field

programuabl e gate array (FPGA) or ot her2programmabl e | ogi ¢ devi ce,

di screte gate or transistor logic, discrete hardware conmponents, or
any conbi nation thereof designed to performthe functions described
herein. A gener gliiRHERASE NPACKEEROh IRt @ﬁu@foﬁnaﬁ'm%f:?(ﬁ?%con@%lué for a
the alternative, the processor may be any conventional processor,

cont r ol | er negative oxknowbidgenento(NACK) e whwodin nthe  Repndoebsois misp abaslb for

be inmplenented.as a conbi.nati C ut i .devices, e.g., a

conbi nat i oﬁls8?ntg‘u8§P%rﬁﬂ%nléslﬂli‘ gﬁg‘g{)o‘%}gg@o‘%\aﬁ lrﬁd)tgﬂ?%ﬂqnt )?HS?Wherem the ACK
M Cr opr ocegfoinsatiodREMPFisdFRENTA CKAHsO0Ccessors in conjunction with a
DSP core, or any other such configuration. [0080] The steps of a

met hod or al gorithm described in connection with the disclosure
herein may be enpbodi i t I: a [ in.a software nodul e
executed by a p?g'cesgg?geéh%%iég%gllgégbﬁ%%@f(gdﬁn%rfsui‘g‘le two. A software
modul e may resi detaloinRAMITREIiYseqhéas Hroie eeiodingREMMBIBB YandEREREM SBs of
menory, EEPROM nenory, registers, hard disk, a renovable disk, a

CD- ROM or H§ipessigferd or m of storage medi um known in the art. An

exenpl ary stora i i - t C

o oceseor can r eag s BuieR SEULERS B R AR nE i et P LE .

storage nedium In the alternative, the storage nmedi um nmay be

integral to the_ processor he_.progessqr_.and,.the storage nedium nmay

reside in an ASIIEZ. T %@P@Inﬁ?/ ?’eé@}n@e pfRrgatipse (0 @ FOAERUNIgatiop , gystem,

al ternati vggmphgnpr ocessor and the storage nedium nay reside as

di screte conmponenis in a user termnal. [0081]1n one or nore

exenpl ary desi gasgodirge firsinotfomrsiodebaseil bewl ardystobldackpbedvent edly nhe first

har dwar e, s%ft re,. flu re, or any conbination thereof If
PR e

i npl enent etf’ he functions nmay be stored on or

transmtted oveen@din@e Hrst idforMeiéh hitbidcuid IIBEAMonARER] 80 adecond block
conput er -readabl e nmedi um Conput er -readabl e nedi a i ncl udes both

conput er s€eftaifbotehe Hrshpad sesand infenndtion anesting theadcand higckagdenesdinrising
that facilit I f c r program froem aone place. to
anot her . Al‘lsﬁ%r?;sa{é Crgf@%ifglr rtrlg%/ %Sét gﬁ?%téa\e/fgfll bt é %%FSPQ Stuﬁact()dgatar gtge second
accessed bjnfarmgeioal tk fipstrsposedOtorkppaidalg Puhpasebarpoder . By way of
exanple, and not limtation, such conputer-readabl e nmedia can

conpri se RAM ROM EEPROV| CD- ROM or other optical disk storage,
magnetic di sk steragegyQ t] I.ﬁlllg% vices, or any other
medi um t hat can ge usedh}eg{dggfrcﬁgp%é?%rh? géas ré%e'pr ogram code neans
in the form of Betihg aath oh lwits tad firstvaliet for @a aeknbwibdgentamn (AEK) or to a
accessed by a general - purpose or special - pur conputer, or a
gener al - pu¥fﬁ?8§& Vﬁﬁ‘e?ﬁreg ggalyg Pﬁ%‘?@‘ﬂﬁ‘fﬁ%ggﬂgeﬁsﬁgﬂﬁﬁl%@%&f PR the
properly teiRE ANKOARY R GadieRlreqitRMAHMusFRINEI AR TR JM'@e second
software is transmtted froma website, server, or other rénote

sour ce usi Ayomnativaxing the s¢sioad irffpimegtionppimpriskgites Nibisst ed pai r,

digital subscriber line (DSL), or wireless technol ogies such as
infrared, radio, and m crowave, then the coaxial cable, fiber optic
cable, twisted pair, ADShethed ¥ Iretepsifigt BENRQLORI BS « Ubkhmditifohak@dem,
radi o, and mcrowave are included in the definition of nedium D sk
and di sc, &¥Mp8¥HS-herein, includes conpact disc (CD), |aser disc,
optical disc, digl il | SG.: flo i lu-ra

di sc where di skggél?tgﬁd% %{gé":"g‘%ﬁ ot?ung}eﬁ%g)tglgy %%r%ltai ggﬁ%}{%ﬁgﬁﬁ?ﬁgta?ﬁ éiciecgded
reproduce daksagopbmpasihy muiltigie bagers. Conbi nations of the above

shoul d al so be incluyded within the scope of computer-readabl e nedi a.
[0082] The previ BHY1HRE M| Bestosispficarebity SMPBeLPE the depesier Jagssage as first

information, where M is one or greater; and



5. The method of claim1l, wherein the block code is derived based on
a Reed-Muller code. 23 6. An apparatus for communi cation,
conpri si ng: at | east one processor configured to map first
information to M nost significant bits ZaV5Bs) of a nessage, where M
is one or greater, to map second information to N | east significant
bits (LSBs) of the nessage if the second information is sent, where N
i's one or great gy SE9S Helo :
wherein the fi rstovfﬁ%g\t n&a?ﬂ%@?iéﬁcéx@ﬁ?ﬁ%ﬁme odrll71 t:i/lvlgt(% &Le ]léﬁg%gg@ as second
i nf or mat i oinfyrmatine, whersayds oandr \gheatei whetetn decondvedtensmissiom comprises

The. appar abtls (6t P! WtoRRLparis RS BREo Ll BalER cos o "

plurality of basis sequences for a plurality of information bits, and
wherein the at | east one processor is configured to encode the M MSBs
of the message W-th The srethodipd siamsdgudaeasthefdesdrindtheakeat rddranamibsion

bl ook coacet Pes SBtedIETRRTAR, Pty SR b BF i TR B sedulFire

of cl ai m 6of taeil@ikrcoilBeo abtalne@s idecsiRd PEGERSS Vheics BN INSBEOS tHe debdded
each of N acknow edgenent (ACK) bits to a first value for an ACK or

to a secontCyRREES BPtaaleHé@a%d \9’8 the KHswVe BaEsmspquepresc) thevplesleicads, and

d I
AGK i nf or ey o fed STl A6 LG IRLRHEY s SRR BRET DA AR A8

ACK bits. sequences8f thableapadat us for communi cati on, conpri sing:
nmeans for mapping first information to Mnost significant bits (MSBs)

of a message, where Mis one or greater; means for mappi ng
second infolinapyon TR NeliRah cBidNs! whaRln Bk Fest(hBRRdi R cdr -sgsegfaaga
if the second information is sent, where Nis one or greater, an

means for ewrlityi ngilctﬂtm nﬁf@agenfmtlatlcm banﬁckt}mochegonMemﬁirmatihe fcbmgtises
i nformation zfr%nt atﬁg%éﬁ t\é\)ﬁth t he second information in the
nessage, aﬁém\%' eIt BIER Y mation is sent with the first
information or not sent in the nmessage. 24 10. The apparat us

of claim9, wherein the bl ock code conprises a plurality of basis
sequences for aZ2bl ur &h¢ metherd ofrglainnd8.i wherpint the biotl eaderederivaddbasehns a

for encodi ge with the block code conprises means
for encodi ﬁge‘{%@”%\e%%%s of the message with first M basis sequences
of the bl ock code, and nmeans for encoding the N LSBs of the

message Wi th next N basis sequences of the block code if the second
information i s &&nt.An apparamifm CPHUNYPFAI0R: ¢RENIITSING: ai m 9, furt her
conpri si ng: tl

bits to a first avg E&%ﬁﬁﬁ%&ﬁ%rgﬁﬂgd%&g%ﬁﬁé\%&@ tﬁﬁ%ﬁlﬁ%{bﬁ?e%a%%n 2
acknow edg‘elwelnt:och\lﬁCM)tamvm«éecmdai niessage congrigip uaulkipleshis tol p@dideOk most

di sconti nuqus. transm, ssj.oO T of the ACK informatiogn, and wherein
t he secondSIWIS?WgFtﬁéﬁfg&fﬂﬁ$E§’ﬁec‘P INFSARSE 3 st information, jyherg Miis opscor
of sendi NggeRfcPraBkD PRVIAR I@lé&@t@?ﬁﬁﬁ&ﬁ{ft bRO(ISMRY %mhe%g@dédsfh@sgage as second

mappi ng channel” quality indicator (CQ) informtion to Mno
si gni fi caninfgrimagionMBBe Bfis anees @@é@l wiheree e sceimed d;rlanfgmeabmrcpmprlses

mappi ng ackno for east. 5| gnificant bits
(LSBs) of ?rﬂg%@ggngoqqa 1%82‘)& t?%ﬁ%% Wﬁfﬁ 4\llélf Mwhere N is one
or greater; encodl ng the M MsSBs of the rressage with first M
basi s sequences_of a_ bl ock code; and encoding the N LSBs of the
message Wi th nexd N Bhe  apparemsent kv ZEheviwrmkth@o@eleaﬂ phe pﬁ@essor is
informatio 2 re

nmessage cogn%frf%ggequﬂdgf?dg tlé%aa]c?rsv eae-ﬁfg%%ﬁéggg? %Jefl r:é?rl\iltplﬁm@% RS Sequences

sequences of thtlbéodil dk t€ obleini the @Béc}de@@leskffgfepﬁvﬁ&’feirpﬂhe N MSB$ of &Bdecoded
wherein the nessage corrprl ses Mplus. N bits and is encoded with the
first M pl BESRERAE sblapid et Oafth? HEsth M BRsie seguengespes fhedupcka sadecrd

wherein the N LSBs of the decoded message are obtained based on the next N basis

sequences of the block code.



14. The method of claim 12, further conprising: 25 setting
each of N ACK bits to a first value for an ACK or to a second val ue
for a negative acknow edgenent (NACK), wherein the second value is

al so used for discontinuous transm ssiof7 (DTX) of the ACK

i nformati on, and wherein the ACK i nformati on conprises the N ACK
bits. 15. The nethod of claim 12, further conprising:

obt ai ni ng an output bit sequence from encoding the M MSBs and the N
LSBs of the nessage; and sending the output bit sequence on a

physi cal upl i nk2éont Tbt appraatnedf (EYCEH)wherein for eagifbit Amweg HadN GfSBs of the

sendi ng i nf,or ion in a co nj cati on system conpri.sing: )

encodi ng ffl?csgggﬁ& RvigL: (& J egggef&a%n OfRc¢ P?%“.FSSBF o@kn‘}gjﬂggul'ie? &l 9qu&%§ an
first infoadoivddigeMmesCACKING the bit RBCAHBIvANE Bhd b pBREMRt{Bive
and second information based on a second bl ock code if both the first
and seconda¢kippiedgement @¥LCKif thetthiehasex serdnvalile, Bwdcoshplisalsg being

fi b- e {] ' - j . b- code f
the- second a3 aar o Ehe iR B R BRaRCa - RIBRERAN Co the 1irst

bl ock code. 17. The method of claim 16, further conprising:
setting each of N bits to a_ first value for an acknow edgenent (ACK)
or to a second ¥al ue?f dRethodefatiPerdving kindumadgeninta (IUNTKYnicakiear aystem,
is one or g&ﬁ?,tigﬁ: t he second val ue al so being used for discontinuous
transm ssion (D )5 of the second information, and the second

i nformati on conpedodinmgga tdeeivdtl iahsmission basedldh mAltiphd batk @fqueeee oy andock
information in a,co ni cati on system.  .conpri sing: decoding a
recei ved tF%ft?gtHiO?Eai“%rH‘fﬁ?% n’(‘?ﬁsaﬁgﬁq’%ﬁlﬂs”é%ﬂ’éﬂtflﬁehgi?ai n a decoded

gﬁs:agﬁs %ggpglf Siaﬂﬁidﬂ'é I Rh&st Ridrdficant bit _(Ms%ép jrde MepREH lﬁ'sg?;%ef, :\%%I?a{gﬁed
i

he decoded nessage as ?I rst information, e
one or greadsed;onaild firg6M basis sequenass difitge Mldokagtdes agnhdnnelagaality tislicator

(LSBs) of E@@Hdetéoded neijsaegﬁ).as second information, where Nis one
or greater, wiep P Hla WPEES 28" V'ariEH s 80N conprises only the
first informatigRvalin® NedshQighificaht 8¢ (BSBONHL ki QELHALA QRessage, obtained
19. The nmethod of claim 18, wherein the decoding the recei veag

t ransni ssi b#fce gipthe st Nebasil srguetrss oédls blogk toodnsasi avkhomledagnent (ACK)
first Mplys, ﬁﬁﬁi@h&g%’?@%%‘é gelh‘e bl ock code to obtain the
e

decoded nessage, wherern S 'of the decoded nessage are

obt ai ned based on the first M basis sequences of the block code, and
wherein the N LSBs of the decoded nessage are obtained based on the
next N basis sedtrencabe srethadeotilgai2y gdierein the receiyed trypwmiggien sempyises a

¢l aim 18, . st B : L
) 18 W, st OB O S5y B L
acknow edgeirsaqueféCif) batin i nmtd AGK informatioR lare Jdie, e tthadowputdinbdiudee

shere {1 Lok g0PE ot et Rt SESC 55 e v
sequences of the block code, and the second output bit sequence being obtained by
encoding M bits of the CQI information with the first M basis sequences of the block
code and encoding N bits of the ACK information with the next N basis sequences of
the block code.

27.  The method of claim 25, further comprising:
for each bit among the N LSBs of the decoded message,
providing an ACK if the bit has a first value, and



at | east one processor configured to decode a received transn ssion
based on a block code to obtain a decoded nmessage conprising nultiple
bits, to provide Mnost significant bits (MSBs) of the decoded
nmessage as first information, where MiZ one or greater, and to
provide N |least significant bits (LSBs) of the decoded nessage as
second information, where Nis one or greater, wherein the received
transm ssion conpris Jol Lo i L

and second i nformati g%.vmﬁgatnlegafge %hléé‘glﬁg ({@é{r{tjgﬂoﬁ@@pg}t% %%?la%/vhesrééecinrﬁl
the at | eawtluartbe pewadssitue #lso beimgiyad dor discatiovaes trimmmisoei (FHX) of the
transnissiggﬁﬁa ed ﬁn first Mplus N basis sequences of the bl ock
code to ob ! Y8Loded nmessage, wherein the M MSBs of the decoded
nmessage are obtained based on the first M basis sequences of the

bl ock code, and wherein the N LSBs of the decoded nessage are
obt ai ned based & t h& nmesthodN ¢faseesivgeguinfgaatiof the hookungeden s@Tem,
24. The app, eﬁﬁﬁ&,of claim 22, wherein for each bit anong the N LSBs
of the deco né%sage, the at | east one processor is configured to
provi de an acknasdodihgena@tei (A Ciohndrhiséibe Hakdd basa dirki bk V@ldver g frer
provi de a negative acknow edgenent (NACK) if the bit has a secon

val ue, t hed@aBHaJETPEctss SOTHEE repeired grapenissipB: @Mt | nuous

transm ssion (DJXhaffs thdfc lr%s%ig%T 1 Bdbed ona secon%%‘lodﬁ d5L E]f%%tﬁ)rhe first
receiving informati off In a conmunication system conpri sing:

decodi ng ainfeweitivedntl rseomnd sdiraratibased eopectad! ol the bagived seauensis, de
a bl ock code tg ?bkaig a decoded Hess ge %gnprisin multiple bits;
provi di ng MCABS PIasK Sorp iCORRFISBRA sisBY podst 1ot fae fedt daamakys agha second
obtai ned bageehdMof e sbkdil inMrHﬁﬁbx}i tREAHE @ﬁl?—%e\ﬁf c w@gﬂ%@qgg?irst%%ck

channel quality indicator (CQ) 1nformation, ere

greater; apale. providing N least significant bits (LSBs) of the
decoded nessage, obtai ned based on the next N basis sequences of the
bl ock code, as acknow edgenent (ACK) information, where Nis one or
greater. 2@6. Themwmiocded crimoRaiumhdtcoiifghn the received
transm ssi on coggrlses a first output bit sequence if only CQ

information i s Hehe seqead dpfopnpiies isacxpeeton droouthsutectived trenpuepien,ifhr each

both CQ a L nf or 1,ON . e the. figst output bit sequence
bei ng obt a?ﬂé@%%atglﬁ%%glﬁ %Sg‘ﬁdgﬂi ﬁg%%rg B‘% Iqﬁeézownf?lﬁl?%}ro%ti on wth the
first M basis sequengesidifig ihackabailddgeacia. (AN if e biareadir@uiaRid! atd t

sequence bei ng obtained hy encoding Mbits of the information
with the first M basPevihig amseyivsrackpewlsigenens sHA Gt dhe bidihag anecond
bits of th j i AP : S|, S S

bl ook code: 57, e ab bink 1RB T ARG EANERGER BX[Ge pe
bit anong tsdvendNif&Bstioh. t he decoded nessage, providing an ACK if the
bit has a first value, and 28 provi di ng a negative
acknow edgenent (NACK) if the bit has a second val ue, the second

val ue al so being used for discontinuous transm ssion (DTX) of the ACK

i nformation. 28. A nethod of receiving information in a
comuni cati on system conpri sing: decodi ng a received

transm ssion based on a first block code if only first information is
expected fromthe received transm ssion; and decodi ng t he

recei ved transm ssion based on a second bl ock code if both the first
i nformation and second information are expected fromthe received
transm ssion, the second bl ock code conprising a first sub-code for
the first information and a second sub-code for the second
information, the first sub-code corresponding to the first bl ock
code. 29. The nethod of claim 28, further conprising: if
the second information is expected fromthe received transm ssion,
for each bit anong at | east one decoded bit for the second



