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00 000 111
01 011 100
10 101 010
11 110 001
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Codebook B as shown below. The codebook B may be better than codebook A in

fading channels, since a full repetition to an RU is mapped as much as possible.

0000 0000 0000 0000 0000 0000 0000 0000 (cwl)
01100111 011101100111 0111 01100111 {cw 2)
1011 1010 1011 1011 1010 1011 1011 1010 (cw 3)
1101 1101 1100 1101 1101 1100 1101 1101 {cw 4)
Codebook B
In another embodiment of the current invention, a variation of the codebook A may
obtained by mapping the CCFI bits to codebook C1, instead of codebook C2. The

same repetition and concatenation used in generating this new codebook, called
codebook C.
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same colum-w se permnutation as stated above is
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Figure 1 is an illustration of an Orthogonal Frequency Division Multiplexing
(OFDM) transceiver chain having transmitter chain and receiver chain;

Figure 2 shows an Alamouti 2x1 space-time diversity scheme;

Figure 3 shows an Alamouti 2x1 space-frequency scheme;

Figure 4 shows an example of a method of a column-wise permutation; and

Figures 5 and 6 are flowcharts illustrating procedural steps of transmitting and

receiving CCFI according to different embodiments of the present invention.
Mode for the Invention

Several approaches of coding and transmit diversity have beeen proposed for both
the Category O bits and ACK/NACK channels. In the 3GPP standard RAN1 meeting in
May 2007, the Category 0 bits have been renamed as CCFI (Control Channel Format

Indicator). In the practice of the principle of the present invention, a few additional
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becgu@ﬁical cellular radio system includes a collection of fixed base stations (BS) that
define a radio coverage area or a cell. Typically, a non-line-of-sight (NLOS) radio
propagation path exists between a base station and a mobile station due to natural and

man-made objects that are situated between the base station and the mobile station. As



some of the subcarriers |ocated at the edge of the
frequency spectrum are reserved as guard subcarriers.
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on guard sub carriers. [41] A typical cellular radio
systemincludes a collection of fixed base stations
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An example of open-loop transmit diversity scheme is the Alamouti 2x1 space-time
diversity scheme. Figure 2 shows an Alamouti 2x1 space-time diversity scheme. In this

approach during any symbol period, two data symbols are transmitted simultaneously



same signal. Transmt diversigty schenmes may further be
divided into open loop transmt diversity and

W@ k@9meBoBDop transmt diversity schemes. |n anPOPER2008/004117
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| oop transmt diversity approach, no feedback is
required fromthe receiver. In one known ar rangenent
of fr@m&h@&ﬁﬁtrhr&@rﬁt dntamasaNTdi atﬁr/sN TY., Suppeser ®ERigUR first symbol
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sy iRl 1 REHVED glgnﬁl\é\@ agl% at the mobile station in subcarrier f1, rl, and in

subcarrier 2, r2, may be written as:

rno=hs, s,

ro=—hs. +hs +n.

where hl and h2 are channel gains from ANT1 and ANT2 respectively. The as-
sumption here is that the channel from a given antenna does not change between sub-
carriers f1 and f2. The mobile station performs equalization on the received signals and

combines the two received signals (rl and r2) in order to recover the symbols S1 and



synbols are transmtted sinujtaneously fromthe two
transmt antennas ANTI and ANT2. |f during the first
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ANT2 are denoted as Si and S2 respectively as shown in
Figure 3. During the next synbol period, the synbols
tregpmsmtted from ANTI and ANT2 are -S2 * and Si*
respectively where x* represents the conpl ex conjugate
of xs, Ohjgi-mat. symbols Si and S2 may be recovered by
the receiver. Here, the instantanequs channel gain
eStIHﬂ&é@ﬁhTh«Qﬁdﬁﬁ?hdﬁf@$ﬁ;h$aﬁ@ NT 2, respectively,
are re d for aithful recovery at the receiver

Thi s r(@a éJs §eparat'e.fil ot synbols on both of the
antennas-jin ;or-der to provide channel gain estimation
at t reéelver The diversity galn achi eved by

Al amoyt T(pcodipng i 5)the-saume, g t.hat which may be
achi eved_ i h NHX|nun1Ra i 6 Corbl ni ng (MRC). [46] The

recet\(ﬁzd sﬂfg’-nab&hm&nﬂlnu at the nobile station in
subcarrler f ri, and in subcarrier f2, r2, may be
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3GPP LTE standard e ro

used b b . T e of CatQ
6 D BEFE P RESI SHPRG PO P B AL SRR Hssion and
c oret:épﬂoncm@aﬁmql scbyme tichit Sadniablg td beptiniavodr spafialdodrieqnéncy

anglvglgl{t% nkthlg ? 1 ngelglga& goachesc%t %H{r)lirgte trmﬁsrnll(iit Hg/ersity have been

assunp am ¢
magtisenssadsiioy botbfthe Gatepory $), bitsraad HHIVINA G Chalamimirt the 3GPP

dU{thﬁ&r@RQ‘Nﬂ BBy EIHM ARIB . e €ARLSD %Jno Bﬁéﬁ‘zﬂ)%'be% Féﬂﬁﬂkd as CCFI

Bresent I"nf or mat'i on “conveyed
b| i%omrﬁéfi sl F@mat J@l%@ﬂ i @aS%mVFW@Ih eﬁ%@idl%@nal coding

OFRaMheN IPBloodedeth AT astrdque it dddhaif RABMRE $napPinlghethods for the
transmission of CCFI channel.
In addition, it was proposed to use a (3,2,2) binary linear code to map the two Cat0

bits into a 3-bit codeword

GGG

, and to assign this codeword belongs to a codebook of size four with a minimum
Hamming distance two between any pairs of codewords. A linear code (n,k,d) means a
code with each codeword length of n coded bits, and each codeword correspond to a
message with length k information bits. The minimum hamming distance of the
codebook is d. Once the 3-bit codeword is specified, it will be repeated and rate-
matched to fit the 2K channel symbols that are going to be used for the Cat0 bits. A
(3,2) codebook is a short-hand notation of (3,2,2) code. One example of the (3,2)



subfranme. The transmt divergty of the CatO bits is
not finalized, and it is one of the objectives of the
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transm ssion and reception diversity schene that is
enabl e to capture both spatial and frequency diversity
I ncddebosihiannel . Several approaches of codi ng and
transmt diversity have been d| scussed for both the
Categeory 0. billslad@0ACKINACRIchannel s. In the 3GPP
standard RANI neeting in May 2007, the Category O bits
have been renamed as CCFl (Control Channel Fornat
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and to assi g
bemdmtggme‘@loa 1m@d@eo’dlcr®ﬁleé¢%él bba‘thOdet(]CFaI mn(rm amimteger multiple of
Happdng di st ance two between any pairs of codewords. A
| i near code (n, k,d) means a code with each codeword
| en§PhSGMNE. BB G t@ﬁa% gumbgi @f Kabi? esesiortts dBLD aispigned to the

t OC@F[TEI&ﬁlﬂ@le thétd dre RENGahndl s Mbk ABRd HREhRAdes bitd RG&uming QPSK

mn| i stance, qof..t he booklsd
BT R0 L R0E e A 1 OB ok OBy mbol and
anova mlgm@g subdaaridrs.tFor bearzide chizmnie:-8 BYshibes aréi2K=&6 ehannel

RO PR ORramhth S B g e
of lAIﬁéh‘Q\Bn J_Z) E@J:de bo@map@nm@zee@ﬂe bits CFI gndjthe carggonent

018 okdslir 33 LNcaRBo&SITR M BEHed ofabtle" £isdf ﬁﬁﬁﬂﬁg between CCFI bits
invention, it 1S proposed to code the ECF hannel

usTHLCOMROBARACIRHPIIS AS Hroveahoxe-dderedhe |3 m&mcéfsl and

uncoded QEFL (Bbés.ofior16he 1988€ where the total
codewodr d Ienéth is not an integer nmultiple of three.

Beca ove presented
IS tﬁ?gethgﬁb ezﬁﬁ%‘% d ?E&%deﬁ(gﬁég%?%tv %%t?[gw de a CCFI
codjcng avet fedlin aoeas@m/\/ne@ﬁ} the length of a coded

CCFl is not an integer nultiple of three. [54] For

ex anpCel bwhblrana b, aeaingnmnﬁe]FI ofts. ICalxpgdne etsodewerds bt tvso (3,2)

h(ggndeg oq(séé ? z%ort gs&)Rn C%gggea[cﬁlg? tengﬂ CCf:Pbl searea %egg%{lKin Table 1.
noditkble |10M2<ppmgdoehw§:hé1€iﬂl bitsynd gbmpmecodm@rcmu

occipi es one OFDM synbol and two nei ghboring

subcaraam@mngs 4FOr | examoaent\Wh@R-okE§e.RUs,| thgfRelcedsdlie cc.c,
16 channel synbols and 32 coded bits. 32 is not an

i nteger mul tipl e|offaskhiniee(3.])5bdebdsk Showdassnniald. B chdeback C1)
mappi-ng—between the 2 bits CCFl and the conponent

codewor ds Pn a (3,2) codebd8k is establli shed Ta}BIle 1

A

i s @ mappippig betweenm CCFHits 100
10 101 010
11 110 001

Four codewords with length of 32 generated for the CCFI bits
b1b2

are shown as follows, for the example above. Here, (3,2) codebook C, are used. The



and conmponent codewords as sfiown above. Here, the
(3,2) codebook is ClCl1CC; 000. O L 101. 110}

wWORI0e/004885 above shown (3,2) codebook is equi v aP@RKRRSD04117
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23 eCl={111. 100. 010 001} . CCFl bits b and

b2are original CCFl bits. Conponent codewords of two

( Sled)thcaxdadenksls Gle gndraiel Wombeéspon ) Ngith theedBbwaiegirécedural
of CCFl bits are shown in Table 1. [56] Table 1:

MaPBhg bet ween CCFI bits and conponent codewor ds.

[ 57115 8hgHedicornpaenocdswnid h | engt h of 32 generated
for the CCFl bits are shown as follows, for the
exéfighe above. Here, (3,2) codebook C2 are used.

Thel engt h-32 ¢ evvor,P re generated by nodul ator 101

with & ‘érafeéllaisé Wyt %)& edural steps. [59] (1) A

| en@l)hhScaopgensesidewodiewor d i s generated as shown in

Table 1; [60] (2) the conponent codeword is repeated
e C%Z%enes to generate a |l ength 30 sequence; and [61]
?l | engt h-30 sequence is concatenated with the

or ' 95' 1@@%1&% | rrIIlle EB{eE 0 E&{ﬁﬁh@gl leil_‘fg 130 stegl?en%g da%\ﬁor dis

repeat and e resu equence i s
conéRttemiengd-30 sehuenve 1So¢qngatﬂlaatect3@nh ﬂm qrigipph CCFEbiits
congatenated bit sequence is the final channel bit
seé@%nce to be nodul ated and nmapped i nto channe

sy |. [63] The resulting four codewords of codebook
A corresponding to each codeword of codebook C2 are:

[64 00,0 000 000 000 000 000 000 000 00 (cw )
%‘8%‘1‘”8)93‘%9%1101101101101101101101

E{ 101 101 101 101 101 101 101 101 101 101 10 (cw
110 110 110 110 110 110 110 110 110 11 (cw 4)

Cod%t}g?&lw% [65] In another enbodinent of the current

i nvent if the CCFl has only three states (i.e.,

3|s any three of "00", "01", "10" and "11", then

any of the 3 codewords in the
times, and the resulting sequence is concatenated with the original CCFI bits

ble
. This concatenated bit sequence is the final channel bit sequence to be modulated
and mapped into channel symbol.

The resulting four codewords of codebook A corresponding to each codeword of

codebook C, are:

000 000 000 000 000 000 000 000 000 000 00 (cwl)

011011011 01101101101101101101101 {cw 2)

101 101 101 101 101 101 101 101 101 101 10 {(cw 3)

116 110 110 110 110 110 110 110 110 110 11 (cw 4)

Codebook A

In another embodiment of the current invention, if the CCFI has only three states
(i.e., CCFI is any three of "00", "01", "10" and "11", then any of the 3 codewords in the
above set may be used to carry the CCFI information.

In another embodiment of the present invention, the codebook generated above is
column-wise permuted to fit the K 1x2 RU resource configuration, which has a total of
4K coded bits. Figure 4 shows an example of a method of a column-wise permutation.

In this permutation method, based on the sequential concatenation of the repeated



above set may be used to carygy the CCFl information.
[66] I n another enbodi nent of the present invention,

W@ b@vasiehook generated above is col um-w se pRCTHR2@S/004117

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

to fit the K 1x2 RU resource configuration, which has
a total of 4K coded bits. Figure 4 shows an exanpl e of
a mziemmsof( rapéRiodsrof Wb&&oﬁ@bﬁﬂﬂt at)dle(Wbrd e dskiighed to the K RUs

..
e ol s o e PIRTE aPL e st ME MR s are mpeped
of sepaniitely tothp &nRb's. Tledmwnontitian ef a3 gnkbostiaedtin @igdrdckbsOther
(1 8&%%%5%%89&}0&3 PEMa ngBe 98GR the%?rq ﬁ{bﬁit TE {:gsulting

remal ni n arate

Th@%bwhﬁeézﬂat%fr@m ce@abq0§e A qaﬁed QP@fd)OiOh BFaSg%h@wn kelow. The
O BRIeb6AUR RIS Rkt CREER BORIOSK WBIM fRENn d@@ﬁ’dnﬁ&l@ chihd@ at R repetition
e

sams hod. "The res It| n odebook viated from
eaélg ISAMARPELAS N (56@8%%@?( B as shown bel ow. The
codsiapelcB B dRBoRRbh Bhob 1AM, GBAsRack A . Tadi ng

channel s, RU i s mapped
as ORieH1dd éélilbDé)ll[l@‘l]llOGJD@OQ)DD({c@'GDO 0000 0000

1219028000800 108 Lub s 0B 9 AP (6121011 1010 10
1 11(11)11111)(1)1100()d\A/OB)11(111(]>10(11D(11 11@0 @¢®04) 1101 1100 1101
1103, 4§W.#)y Codebook B [68] In another enmbodi ment of

t he current i nvention, a variation of the codebook A
may lroiytatlien ethboginmap pi mg ctuhvent@OFintibi tasvariaticn dethe okdablook A may

| nSeRgy B% nﬁggﬁg%’é‘cgﬁ bRStoT AV 81(@11_% Bd bf cJ&%oﬁ]@@ as shown

r epet Iti1o oncat enatl on use eneratin
nely Ebdeboldie sapgreretien a@bwa@nat[%‘lg]seq mgepfl;'@tlm thig nqw

11dodkbdokl Tieblcbdddobkidl 00 (cw) 100 100 100 100 100
100 100 100 100 100 O 1 (cw 2) 010 010 010 010 010 010

0101010101010Q10110 1Q¢W1?P)110011001 G@OIC@(D]. 001 001 001

oz hap 0 koo yE¥ B BRISRA0R 1506 ke Tal o wi se
per B & 0 G0 &30 LROW OIN ORI 1gUr1e OﬂIIOI]S) e(ppi 3ed to
11709961 507 B %T%%?%é%f@@q?%@ 1;16 1600 1000
100Cot6ip®ki000 1000 1001 (cw 2) 0100 0101 0100 0100

0101 0100 0101 0100 (cw ?) 0Q10 Q010 001 1 0010 0010
001Ir§|_a16)(§lierf @gil_lrrj_en( g &fu%&é%%klO@ same column-wise permutation as

shown in Figure 4 is applied to Codebook C and Codebook D is obtained.

1111 1111 11111111 11111111 11101110 {ewl)

1001 1000 1000 1001 1000 1000 1000 1001 (cw 2)

0100 0101 0100 0100 0101 0100 0101 0100 (cw 3)

0010 00100011 0010 0010 0011 00110011 (cw 4)

Codebook D

In another embodiment of the current invention, when the CCFI has only three states,
any three codewords in a given codebook (e.g, Codebook A, B, C, D, etc) may be used
to carry the CCFI information.

Figures 5 and 6 are flowcharts illustrating procedural steps of transmitting and
receiving CCFI according to different embodiments of the present invention.

In Figure 5, the procedure of generating Codebooks A and C are presented. When the
CCFI is transmitted at a transmitter, two-bit CCFI is mapped to 3-bit codeword of
codebook C1 or C2 as shown in Table 1 at step 201, the three-bit codeword is repeated



[72] I n another enbodinent ofz the current invention,
when the CCFl has only three states, any three
W@ owemnessss in a gi ven codebook (e.g, Codebook PCT/BR2@8/004117
D, etc) may be used to carry the CCFl information.
[73] Figures 5 and 6 are flowharts illustrating
pr fig @ RerSirRdsings Wiktaths MuinbeNGl e Predeeahied gne®elng a flooring
ac:(\)c;tordi.n‘%t to different enbodi nents of the present
i nVeRtY'6™. [74] In Figure 5, the procedure of
%%#W%ti ng Codebooks A and C are presented. Wen the
rs transmtted at a transmtter, two-bit CCFl is
mappkte tois 3hdintmisw dé wspurce intogteppdld3Ohe oesulhgast shoaue is con-
' ncz;[@r[%lte fv;}rd‘?l he%&g@ EQEFI %H? at SQ%PE%S\%n?ﬁﬁ%daeﬁ\Eaﬁ%'t'sgque]pce is
t heerpraé@ear@rtrﬁnﬁ@dtqd| aﬁrﬁrab?émﬁglgaanﬁqn@@?r i’vi gheotfecejustsiden the receiving

Whgttendss k@ ehvR e WARE i1t rebRBRYDS SedtRhdeStréth (Rl @ﬁs&%r at step 211,
t he resltln it sequ ncateg%ted with the

ce 1S C
or # gFRAtU ROt W fecoher 5%@%@‘ B deceREd Dif SPUEAEe %ﬁ step 213, and
s ety eaetver Sclgeng it i@tbraadod carisdby OEIFI at stef amsmd hiuGe

t
 oATRORY ety bR R The ST 10 SE B el o
[75] t helit Fianen, theeproetdust efgeddihfing Cdéeimd»lsm; Btapd [béretpnesented. When the
;ig@FY %gra%gﬁﬂfeﬂl a@ﬁ %ﬁngrﬂlﬁ %8 'bYtQ%tﬁ it Pﬁ?ﬁ%ﬁ@qgre@tbnséoﬁgword of

ecel ver ac i’eves Ion carri

bycadebpokat | et €8 a9 ipvehi Tahls! atrdepadHi. Epdhrep ilgiogan pighs repeated
C afdr |a§ii’edé¥erﬁ1'ﬂﬁd¢fﬁ'fds with Bk iniinb8totte bREctREREY Bie Hefi]a quotient

et Bt 0 e s R o e S0 RREl g Pitgequence

t r anenedidrared Wl\tk)t-hbldﬂgﬁ‘ﬁFCCiFS bmaqmm;b 306 dnlinlees-dibit sequence is

COUED T OB T P PR A TR e e
pr &effe fearlmigrie cepetitiens qﬁlthmthret@eblhmﬂworcms thiown in Table 1 in the
pr Fegﬁhﬁ% glrt @g(?.lehbé"ﬁ B tPAhB URbENS S I@Ees@i{ﬁ/cg’ uﬁﬁ'@fe@pe&ﬂ/@ly with

the nu resour units at ste
r eQR Rif plopash of Ksouieh BRIt ReiRgpReat @Watﬁe aem\ﬁltnﬁg%@ts of the bit

or ¢egueidle at&lepabidlp m’ib &l t@ﬂh@@&n&ﬂﬁbftdﬁtﬂl‘é ofthBintim$easfa0 e ource

RS LS LR T i %4 PEpepig RUSRUMS cach

| ebadiimgon¢ biepeniasisbosn of the h’t&emﬂlﬂd@ee bit teqriotievshownas Figure 4. Step
S h%@lgﬁ? bJ ?Ejsﬁat%%p thte I}% {ﬁ%h tli[% &!Cfl h?%ﬂ? ?&ﬁr%l% ‘?lllocfated as

mappe resource uni

wi $liovarky the resgitingadtsegience sayica Kiawes. bbe rﬁgublpe rmapaﬁblblt

t hgquemy Hﬂeﬂ&nﬁnﬁ’teﬁ%y‘ﬁle Erﬁ?snﬁitfngsaﬁ%ﬂﬁﬁkc At ﬁ{eerecelver side, the
separatel y mapped to'the open bi't of each of th

n u%ewm(gfanre%%r&awethﬁﬁlfapgm%ﬂe JeWpingdyt seggilge §ro>m fhgyransmitter
beat skdpusitlt atie@do@datbhef thet@eivediahed RUSLhRBived bt sequence at

22%%}2%%?% gvé{eoﬁverg a&%iegﬁwqgn%{a%gg I(:m ea%g%@l at step 315 and
i | thus theaack@verbinfdrenafipm ailraniﬂ#&ﬂRLﬁGFbmclhhhed/bm@lefrwwer
[76] bi t M(ﬁllu a ('%ait(ﬁ dan@jFlsfllgw opﬂfarfsﬁﬁtrﬁerel@%}llﬂélﬁ'& Igic'iro SQLEIE Based

shown 1 n I gure e resu ma pe eqguences

ar eontiodas iemadylagyy 18R and FERd R irfr?gw%ifghmaglde AHCIOREOCESSOrs
r epRed 8bnifilde, the



[1]

[2]

[3]

recei ving antennas receive t{y) transmtted resulting
bit sequence fromthe transmtter at step 3 11, a

wWQl2000/008683 or of the recei ver denpdul ates t he rRCBKR2@S/004117

bit sequence at step 313, and the receiver achieves
the information carried by CCFl at step 315 and thus

the achi eved i nformation ' by the CCFl is
utilized by the receiver e?%ﬁg/bdul ator 101 and | FFT
114 of Atrﬁéﬂ&ﬁfdrttﬁﬁsrﬁl%g DEI e HHnREIABIRASSRCL Sy, RRSBEhod
control |l er, . Denodul at 134 and FFT 130 of recéiver

140 i neIHRISIH BF sy ssors based controller.d ai ns
[1] A ﬁﬁ&pﬂﬁﬂg‘ afplurality @i %—bttiG@I&CGﬁ)ﬂﬂ(tlr@ianﬁéIMht Thoica®t) into one

IanS: 3?; {ged tg?mg% fod COfi ? %%(}Pgﬁ:o%bg)ﬁgevlﬂﬁg} ﬁgﬁra{]%/ of CCFI

I ndi cabfong Sﬂlfmt@i foore a@blam(mslsﬁngmf WOf'j '10dt, "d0eisb 0K " samd with the
a sec og% ?@%ﬁ}ggp&mﬁsﬁ@ é(;@@we}cﬂ @l %ttea 61‘3{11 %’up QSﬁJ‘sﬁmg of

select onsi stin

and " 19°MPQaRHL %dﬁwoltdﬁ e09¢’s %Qlléog%oeﬂé cldﬂb?@rﬁerﬁ@ndlng toa

cod emﬂ&ﬁgnﬁ%ﬁ@@[ﬁ%nﬁ ¥ Redott] &idi@b&ﬂd’hﬁi risﬁ% @ldewords selected from
conmponent codewor

cor r eshtMBPHY ‘B’dSWSEe‘Egr&H%F%‘WSéé% pf 8%P?f}?8t %Oé’ééyﬁ&ds "1117, 71007,
codebotdk Ot ampt((HI' ngrrespdading dsthe eledghae] €CHM a

conpon %%m%f‘g %‘%&&fg{)w&ag%?ds %Elg@t‘g% grffmcé)l[fBP BEHrst d:odebook or

codewo correspon
t o t hethd eeqogd&pe@oebbv Tepgaieg teisplgetad selqg@w@ecqﬂeword or prede-

codeworf5insgigfet &t ﬂl@rﬁr@dewﬂﬁﬁnetdhﬁnés'tfeﬁ{ LRIBRRAS Y flooring of
t he second codebook by repeating the seI ected

conpon@¥ftieBodeword for prede termined times, with the
predet|efm Jned ti mes being determ ned by a £ ooring of
quot i ent where K is a nunber of resource units

occupyi \KlEler@ REis @ riuRgPBBles SUrEMARGY:c %d)tﬁi’()rthogonal Frequency

Mul ti Xi.n and.two nei
Sbear PRASY M e ﬁﬁpﬁk@aaa\mlr@dﬁvogﬁr@é%ﬁ?&wbﬁ@mefs
the s egmemeg afcotidveors dlyeohedeaany drecsatjuanod efutie dslevted homponent

the or | 0f.08 sqx?ﬁl %Q%h%%af&f %Q{ehsccﬁ%%é&ﬁnsm tting

the co evvot carr [2] The
met hodtrgfsmijtiag rﬁhelcodmerd @oingiatormgtion ef GEES

consi sthdgheB34 ofCIagﬂi I, wh%Qccﬁfﬁq'las fobir stafe%taﬁk@s&mg "00", "01", "10"
conpri si ngla step of deneratin thi.rd codebook

conpr i 81ng 1 dUrhE SEBWRBI Hg AP aneraiing ¢ Hirdyqogebook comprising
sequenfr eddeided aaeﬁatﬁlgdﬁa/\@qdenceelf &t @hgohemncobéwords

el oct S LR b RsERY SO ﬁeﬁ%ﬁ%@ﬁ&‘? Fpigljane selected

c odewocaspdnenngpde @0l @OEsBOds ORDthe GouBode WaEs ®@1®g ao@d 000 000
000 000p0 odttooh (boBbbodbd 081 10PLd1 P11 Olo Al 1Ah% 011 011 011

01","101 101 101 101 101 101 101 101 101 101 10" and "110 110 110 110 110
110 110 110 110 110 11" with the four codewords being corresponding the
designated CCFI.

The method of Claim 1, when CCFI has three states selected from the group
consisting of "00", "01", "10" and "11", further comprising a step of generating
the third codebook comprising three codewords by concatenating the sequence of
component codewords selected from the first codebook with the designated
CCFI to which the selected component codeword corresponds and the three
codewords being selected from a group consisting of "000 000 000 000 000 000
000 000 000 000 00", "011 011011 011011011011011011 011 01", "101 101



[4]

[5]

[6]

[7]

[8]

01", "101 101 101 101 101 1045 101 101 101 101 10" and
110 110 110 110 110 110 110 110 110 110 11" wth the

WO oawe/0ess8EwWor ds bei ng correspondi ng the desi gne@EER2008/004117

CCFl. [3] The method of Claim1, when CCFl has three
states selected fromthe group consisting of "00",

"o1", TG.IOI'OlaIUi ror1ron 1ﬁ)wr10m301 QOTTMd 's1i10gla 130ep0 0f0 110110 110
gener a

ool LR TE St e 85 R iat Bl Firabiiips eyignated CCFL

codewotlsmstiod of Ethifrlomheh QGHI et fagio datee oknsadtingg "OAE "01", "10"
desi g nﬁ{ép q lc%llthér 8Mk1§@gtar§?ep (ﬁ Iggﬁérgﬁinoéé) fﬂ%ﬁ)@l%ﬁebook comprising

codewor correoaé) s an e codewords bei
sel ect By fedsoadsgry o@p@%télaﬁé,mgtthquwnoe@é901@9@16@@90 rds selected

000 00RoR4Re RRBnPORIBO ith the &%ﬂgn@ﬂa& W (O hi@lkhe Gldeted

011 011 011 011 01" '"101 101101 101 10
101 109°MRPICPIeY IS CPIFSRODES 3 %thf%@urﬂ’ e‘ﬁré %T@g 1%1 HT1H
110 1111l tihi tihit 1t elet | dod@0hr'de0 bed ey oafr S INION®O 100 100

t he degj gnatoas oefrbloiolodh oﬂ?%lérﬁi(ﬁ‘ggq QIO. @l"."f‘i’n@.@gl BEGo1 001 001

CCFlI has’four states consistin

"11", 6Qr@HeQOId¥HPIOISlilNgvith the éplr ebdayandy beingqegpreespondingthe
codebog)églgq1 QmarctEing four codewords by concat enating

the sequence of conponent codewords selected fromthe

second T eoaetes et ﬂ%ﬂﬁl k. mehen £4i ] has Bueecitrtes fteéﬁcm fgpm fhpegroup
sel ect &ﬂlsfa‘;ﬁﬁ@@ﬂ ot, '©adewor gacarnr ef%ﬁﬁéldﬁ) infghestdOdH generating

codewor d in 11. 111 111 111 1

191° o0 oty 5 St hiBo et godd %aébcar&atefﬁalgo%e sequence
"010 Odffcodip@neit@o0dwordd fel&d&d idd tBd ecOddcdddboalndith (ﬁ&ldemgnated

001 00

00 o P, I 56 D 0 S b e

The netdssworsts b@lrm miesttedma@@mlp q@asstmgr(efe 1§t dtkdll 111 111

sel ect edh { 1f10m1t he @ 0%0(1@0%0@%@90@&00 260 100 B 100040, 010 010

and "11' urt her conprisin enerating the

Four t WOKbeH Do bicHh O JaZtbullgBE 05, P01 081 b0Foor 001
concat @@na(bo 1ngl "tw’ial 1$1e ghied caledfordxEp&@ities fodewohe esignated CCFI.
N
corr esmih”dé” efndhetrh:empmsmg actperigeteratieg mgerseitaonad each of the
from

115 St QLR R MO8 Jesi 15 Tebids b e s hdcpmponent
100 10epdgwerd mohgfayt godermrdn© the pumhe of Koresqoeouptsgegpectively
10" angith 0Rd bR O QA BBLuRL LinfDBeiRP dp&PandARdp PPl rednhining K bits

with th ode rds bein corr spond th
st grik et O TGP TR TGS 51O GRAPA 21t Opf o umber of
has f oMrestadeamitsonsi sting "00", "01", "10" and "11",

further, c ri n in t@hd Qf(n w1
of eac’ﬁheo %g%# g%aru%c:%&\ﬁl\%n élfq(:flag fo%tr stagss %ogsﬁstl ﬁg , KB. 1", "10
r epet i andong " dfurthdreotriprisiwglai stepgﬁrggmrehmg a flfth codebook having four

codewords and the four codewords being "0000 0000 0000 0000 0000 0000
0000 0000","01100110011001100110011001100110", "1011 1011 1011
1011 1011 1011 1011 1011" and "1101 1101 1101 1101 1101 1101 1101 1101"
with the four codewords being corresponding the designated CCFI.

The method of Claim 4, when CCFI has four states consisting "00", "01", "10"
and "11", further comprising a step of generating a permutation of each of the
four codewords by mapping the leading K repetitions of the three-bit component
codeword in the four codewords to the number of K resource units respectively

with one bit of each of resource units being open and mapping the remaining K



codeword in the four codeworgs to the nunber of K
resource units respectively with one bit of each of

WO 2®90008585 uni t s bei ng open and mappi ng remnmai ni POI/KRRI0BH04117

[9]

[10]

[11]

[12]

of each of the four codewords separately to the open
bit of each of the nunber of K resource units. [7] The
met hodbief ofGaécth of tﬁe fmeﬁdﬁﬁﬁﬂs E@iraf[élyl fo the @B bit of each of the

consi st i 9!%[1, and "11", further
conpri%lfrﬁlgerg Sﬁous?e%ﬁer ating a fifth codebook
havi ngThomethod déwirins3, amdn & Thes fou st teaopaisstingi "0g", "01", "10"
12808 %‘qu&gﬁgh%(?:%%@glg(ﬁg fgg%gtf%g % %Oc%gebqofgl% 1%1% fglir codewords
101 1 awithe i@ rodeyords baing 1ol 1léﬂqd11hibf11 hhldal141d411 1111"
él_Ol 19081 10601 1@(_110ﬂ00t1111@b1 1001 moalhmdlo,umle@dm@mﬂm 0100 0100

el n re , \ e e "o
et hocd 810 GRBRAPN" Sk D 831 R0 Wa{ToLg g BLodt8b010" wits the
consi sfoungode®®ids be(i)dg corfedpindapdthe ﬂi&s1gnaft¢ﬂ COEL
conpri ﬂi; ”I%eﬁ‘loét ?%1 alm '/g%v%%n @dfﬁ%a? }ﬁ '{1{55 gelle(:?eigotfrorﬁ <’E‘he group

of the four codewor
r epet i tansigngpf tI0E, 'tOHF,é'éObaltd ddﬁﬁoﬂbmcwqm@uxgr@tm\oﬂg@eeratmg

four Cﬁ’ig ?Mrﬁﬁeﬁ&ktﬂﬁeln%qmg Eoc‘fgwdfdg z?rﬁiq}ié ﬁﬁeé%ﬁd%\%ords being

respecti vel

bei ng ¥ dy M nBQR8) QRPOUPE0 PQ%PQQ(H&OR&OPQ 09@0"e" HO&HO 0110
the fogrioandewenasl Beeaat'goyl o1t el 1oran 1ot 1of1 ﬁ@lthOII” and

o of e MAER Bl HERE 0P S Ehatlfs PG Rbus i

"01", ddf¥spanihg thi desifnat¢ch@ECFEonpri sing generating a
St it PASREARE PRI, 90 RIRURH 18 KNy e wou
1111" , consgong e0WD" 1091, "160and1 0431, fugbar cpo@risinggustep of generating

"0100 (1981049010308, r&%%@ex%%@ anilﬁ{é thidl @ode%Tf@s being
0010 0010 0010 0010 00I0 0010

codemo*$§”%ﬁﬁﬂﬁ"ébk}%@pUﬁaﬂﬂélﬂhélBE@1Hﬁéﬂéan&ﬁNH10011001
[10] Theimaohadoofo@ adon' 70106 en0daoR0 01@9 0bo eeo&@atoaﬂoo' and

sel ect

a1 7010 p0 b AHRPGRATO BOLPEYDG pvildhe i cogepRlls being
fifth codepovlngheidaggidtede€CEbdewor ds and the three

codewo ' : d from"0000 0000 0000 0000

0000 o%ggpgﬁ%%g"o%%ﬁsﬁ%m 10 0 110 0 110 0110 0110 .

0110 0a49@lep mpgping agduralityf tweditCGoh(ContyehChaymel Heymat Indicator),
1011" mislonelsk@Ecl kibin & 10k cdddbbolt 4Ad a 3dddhd Ed@bod Gith the plurality

with th ee codewords being corre na. " wyqn

desi gn%ff(éé ﬂ?eﬂ‘jd T8 230 Ho Pt 1@%“&}09, O\jvheﬁo(ﬁ}gl 117, and

haS t hwak tist mtse&dsbcbc&(xtoﬁ@rfsl‘r@’noﬂh\eom eelpctedisinst grogp obnsisting
ofo co, ttﬂpone;?t 0086\90 ]000"f LUltlhe' hotof rﬂgir"llﬁb n&)naesﬁ(gnd?ng toa

of genera he™si x codebook havin
c odev\odfdigna‘wd G@H and rtle;fesec@twemm@)mnnglsmg codewords selected from

a component codeword group consisting of component codewords "111", "101",
"010" and "001" corresponding to the designated CCFI; generating a sequence of
codewords selected from either the first codebook or the second codebook by
repeating the selected component codeword for predetermined times, with the

predetermined times being determined by a flooring of quotient
|4K73)|
, where K is a number of resource units occupying one Orthogonal Frequency

Division Multiplexing (OFDM) symbol and two neighboring subcarriers; and



selected from"111 1111 1111,,4111 1111 1111 1111
1111", "1001 1001 1001 1001 1001 1001 1001 1001"

W0 290088800 0100 0100 0100 0100 0100 0100" andPCDBRR008/004117
0010 0010 0010 0010 0010 0010 0010" with the three
codewor ds bei ng correspondi ng the desi gnated CCFI
[ I12] iﬁg\enami?g atcdewEdmyrdoatdigliatiag ﬂ@d@l’]udiﬁl@ pf thg salected component
plural ity of. . twy-hit .CCF Cont r annel . For mat
i et Pyl Bk oLt RS ENG Coebook
and a seBbrdptibdedrblng watsmissien @l the eddewprd€ar@Ry information of
bei ng égbﬁcted froma group consisting of "00", "01"

"10" an 11", and with the first codebook conpri sing
codewords sel ected froma group consisting of
conmponent codewords "000", "O11", "101" and "110"
corresponding to a designated CCFl and the second
codebook conprising codewords selected froma
conmponent codeword group consisting of conponent
codewords "111", "101", "010" and "001" correspondi ng
to the designated CCFl; generating a sequence of
codewords selected fromeither the first codebook or

t he second codebook by repeating the sel ected
conmponent codeword for predetermned tinmes, with the
predeterm ned tines being determ ned by a flooring of
quotient , where Kis a nunber of resource units
occupyi ng one Ot hogonal Frequency Division

Mul ti pl exing (OFDM synbol and two nei ghbori ng
subcarriers; andgenerating a codeword by concatenating
t he sequence of the sel ected conponent codewords with
the original designated CCFl bits; and an RF anplifier
enabl i ng transm ssion of the codeword carrying

i nformati on of CCFI.



