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[0003] Wireless communication systems are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples of such multiple-access
systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

[0004] A wireless communication system may include any number of base stations
that can support communication for any number of subscriber stations on the downlink
and uplink. The downlink (or forward link) refers to the communication link from the
base stations to the subscriber stations, and the uplink (or reverse link) refers to the
communication link from the subscriber stations to the base stations. The system may
utilize various feedback channels to send signaling. The signaling is beneficial but
represents overhead in the system.

[0005] There is therefore a need in the art for techniques to efficiently send

signaling in a wireless communication system.
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[0008] In one design, a base station may receive the first and second feedback
channels on the first and second portions of time frequency resources, respectively. The
base station may obtain vectors of received symbols of the first length for the first
feedback channel and may obtain vectors of received symbols of the second length for
the second feedback channel. The base station may perform detection on the vectors of
received symbols for the first feedback channel based on a first set of vectors of
modulation symbols usable for the first feedback channel. The base station may also
perform detection on the vectors of received symbols for the second feedback channel
based on a second set of vectors of modulation symbols usable for the second feedback
channel.

[0009] Various aspects and features of the disclosure are described in further detail

below.
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DETAILED DESCRIPTION

[0022] The techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA and SC-FDMA
systems. The techniques may also be used for systems that support spatial division
multiple access (SDMA), multiple-input multiple-output (MIMO), etc. The terms
“system” and ‘“network” are often used interchangeably. An OFDMA system may
implement a radio technology such as Ultra Mobile Broadband (UMB), Evolved
Universal Terrestrial Radio Access (E-UTRA), IEEE 802.20, IEEE 802.16 (which is
also referred to as WiMAX), IEEE 802.11 (which is also referred to as Wi-Fi), Flash-
OFDM®, etc. These various radio technologies and standards are known in the art.

[0023] For clarity, various aspects of the techniques are described below for
WiMAX, which is covered in IEEE 802.16, entitled “Part 16: Air Interface for Fixed
and Mobile Broadband Wireless Access Systems,” dated October 1, 2004, and in IEEE
802.16¢, entitled “Part 16: Air Interface for Fixed and Mobile Broadband Wireless
Access Systems; Amendment 2: Physical and Medium Access Control Layers for

Combined Fixed and Mobile Operation in Licensed Bands,” dated February 28, 2006.
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(Nrrr) orthogonal subcarriers, which may also be referred to as tones, bins, etc. Each

subcarrier may be modulated with data or pilot. The number of subcarriers may be
dependent on the system bandwidth as well as the spacing between adjacent subcarriers.
For example, Nppr may be equal to 128, 256, 512, 1024 or 2048. Only a subset of the
Nrrr total subcarriers may be usable for transmission of data and pilot, and the
remaining subcarriers may serve as guard subcarriers to allow the system to meet
spectral mask requirements. In the following description, a data subcarrier is a
subcarrier used for data, and a pilot subcarrier is a subcarrier used for pilot. An OFDM
symbol may be transmitted in each OFDM symbol period (or simply, a symbol period).
Each OFDM symbol may include data subcarriers used to send data, pilot subcarriers

used to send pilot, and guard subcarriers not used for data or pilot.
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tile. Thus, M, .. is the modulation symbol index for the 4-th modulation symbol in

78
the m-th tile of the n-th fast feedback channel. No symbols are sent on the four
subcarriers at the four corners of the tile, which correspond to the four pilot subcarriers
in FIG. 3.

[0032] FIG. 4B shows a tile structure 410 that may be used for a secondary fast
feedback channel. A vector of four modulation symbols may be sent on four subcarriers
in a tile, as shown in FIG. 4B. These four subcarriers correspond to the pilot subcarriers
in the tile shown in FIG. 3. The four modulation symbols sent in the tile are given

indices of M for 0<k <3, where n, m and & are defined above. No symbols are

n,4m+k °

sent on the eight remaining subcarriers in the tile, which correspond to the eight data

subcarriers in FIG. 3.
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[0036] In another design, two subscriber stations may share the same tile. One

subscriber station may send signaling on the primary fast feedback channel on one part
of the tile, and another subscriber station may send signaling on the secondary fast
feedback channel on another part of the tile. This multiplexing may allow the two
subscriber stations to share and more fully utilize the time frequency resources.

[0037] The primary and secondary fast feedback channels may both be sent on one
uplink slot, which may comprise six tiles. Each tile may include eight subcarriers for
the primary fast feedback channel and four subcarriers for the secondary fast feedback
channel, as shown in FIG. 5. In each tile, one vector of eight modulation symbols may

be sent on the eight subcarriers for the primary fast feedback channel, and one vector of
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simul taneously without interfering one another. [0034]
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subcarrier. ﬁg33éf For the prinary fast feedback
channel , eight orthogonal vectors VO through

where P, is the k-th modulation symbol in 4-element vector w ;.

[0041] The four vectors w,, through w, are orthogonal to one another, so that
lw? w,[[=0, for 0< j<3,0</(<3,and j£/. Eq (4)

[0042] FIG. 6 shows an example signal constellation for QPSK, which is used in
IEEE 802.16. This signal constellation includes four signal points corresponding to four
possible modulation symbols for QPSK. Each modulation symbol is a complex value of

the form x; + j x_, where x; is a real component and x, is an imaginary component. The

real component x; may have a value of either +1.0 or -1.0, and the imaginary component
x, may also have a value of either +1.0 or -1.0. The four modulation symbols are

denoted as PO, P1, P2 and P3.
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nodul ati on synbols and may be expressed as: : = ,0 i
we20081R688 P, AP, ,5 P,,6 PV, for | = O ...,PJI/USHs8/056500
(1) where Pk is the &th nodul ation synbol in
8-element vector v , and " " denptes a transpose.
[ 0039] The eight vectors VO through V7 are orthogona
to one another, so that | | vf v ||=0, for 0 < <7
, and| , Eq (2) where "H " denotes a

Wﬁhgatﬂlet pight pyeeters [X@Oﬂmgbughomt may sk dorgady withseight different

R R TS SRR ISR Y TR 1% MR e
i P;If”(?, Zﬂlgjﬁzy'?g@:c S§i%ﬂﬁarl'§a¥hebﬁ)u?>$g£t8§ss€vd (tgs% V%hl W [rﬁ’&;f be formed

%\/ﬁht ﬂaﬁr %Lﬂ%?? AakiBhs BY K b ula%oﬁrg?ymbo‘l’seﬁb O?’l,w 2 and P3,

0041 vectors W) throug e orthogona
tvhcien®, aakhePl, B Plrat The ﬁ@st\/l\ﬁvld=ccﬂhmn§@jf Tle 1i giveOthe eight
3, and j . Eq (4) [0042] FIG 6 shows an exanple

siogulatio oyisbas inaddchf therci PRSKctowhy ¢ throgghus 6dn iabcdréidce with one
802.16. This signal constellation includes four signal
pesign. sTeolasesypoedimgs vbTeldarl gos ﬁiebﬂoer modulation eymbols in each of

@ér?égfl ‘g?ct“grrﬁ ﬁ}@ﬂy&a%,g@ glgcl al o né)n%l dqs?gg? &ec%’rs v, through
Kaglitgt %fS?@dt%ﬁ%ier?”m%? s %@‘m"? el NN S

and t he i magi nary conponent xgq may al so have a val ue
of either +1.0 or -1.0. Thetfgun nodul ati on synbol s
are denoted as PO, Pl, Pl and Pi.[0043] The eight

\/ A
dj fVestent| per miviosiulasiag Symbelssk  modul Wedtem &P&Ba&%@‘/mbols
A, Inpex and Fi , V\hlear‘éeCFDrk_[ PO Pl , PAnd®3} | SilVeaior w,
t Ic fUUI Ubl. Ul S VU I.III Uu&f y
di ff &t ent| pBY-iil &2i Bhd b QB%ki’%m-d y 581 B0, @6, PO
A, P2 and , r eph B A, P2, B3 T,
i .retlzt an (;?’Izgrrsﬁ% El,@gi l‘ijs,Pé,IQ 2. EJ Y po P2 po, P2
2 PO, PO, P1, P1, P2, P2, P3, P3 2 PO, P1, P2, P3
3 PO, PO, P3, P3, P2, P2, P1, P1 3 P1, PO, P3, P2
4 PO, PO, PO, PO, PO, PO, PO, PO
5 PO, P2, PO, P2, PO, P2, PO, P2
6 PO, P2, PO, P2, P2, PO, P2, PO
7 PO, P2, P2, P0, P2, PO, PO, P2

[0044] A signaling message for the primary fast feedback channel may be mapped
to a set of 8-clement vectors, and this set of 8-clement vectors may be sent to convey the
message. For example, a 4-bit message or a 6-bit message may be mapped to a set of
six 8-clement vectors, and each 8-clement vector may be sent on 8 subcarriers in one
tile for the primary fast feedback channel. An example mapping of a 4-bit message to a
set of six 8-element vectors and an example mapping of a 6-bit message to a set of six
8-clement vectors are described in the aforementioned IEEE 802.16 documents.

[0045] A signaling message for the secondary fast feedback channel may be

mapped to a set of 4-clement vectors, and this set of 4-element vectors may be sent to



nmodul ati on synbols in each of the eight vectors VO
through y 7 , in accordance with one design. The | ast

wao msaadesams of Table 1 give the four nodul atiRET/US2008/056500

synbols in each of the four vectors WO through WB , in
accordance wi th one design. Vectprs VO through V7 and
vectors W) through WB may al so be fornmed in other

manners. Table 1 [0044] A signaling nmessage for the

primry fast feedback channel may be mapped to a set .
eAnVaY dhemepieet-edPbpsmplpge fHiilsmewpehmag-hel raamned to a set of six 4-
gl%ﬁlteﬁt]r vectBHy, fgg.eﬁaph-eie(ﬁle%? QV&Yr 1@@% b?@éﬁ%% SLE’)%[lrrieBs in ong tile for
exanpl e, a’4-bit nmessage or a 6b-bit nessage nmay be
theppechdary fastsketdieick shanndt e Aansatplcentgrisg ohad-leanissage to a set

of ¥ Framen aciprdoper et e AR ERHEE 547 Bidirgmens.
[oRaB| N9 e & tev'obéubsd'fﬁ)gﬁ %ﬁor}sﬁr&%& ?&1';1 sgé_naﬁhé 5@l IBRkhe primary

vectors and an exanp pp bit“nmessage to a
st scobndpirk fa8t ek dlmek charmetsamdilay shatddyrthbredast deadhack channels. A

f or enenti on 1 E 802. 16 docupents. .[L0045] .A . )
B ETRR RS d st s SRR P Jo b ity coch tle. The
Ezi‘s@%%i_onffﬁé/y H@nﬂﬁ@lé@dhé @2 Qee%%d%@nfbol%' 26 Hacly &L ArtS obtain (i) a
and this set of 4-elenent vectorS may be sent toconvey

vénomes s ag eight oecadvednpingholsframbihe gy sabenrriery fbethe primary fast
mapped to a set of six 4- elenent vectors, and each
foedbashecitanuelc it (hy bectsemt,  oof 4Jogubrcaived erysbiots foen the four
tile for the secondary fast feedback channel. An

gubgatsices fonpisi sseprsitryafagt fopdbagke skaagel. t thesbase stahgn miay perform non-

LA b S e DR SARBAL 58 ., s

Sh-Ringary SFateT SRk RRERS. ShriotRelhliidlgn refer 0

Btedtimseitioas thefpedbagiotebRivnet.s. A base station may
obtain 12 received synbols fromthe 12 subcarriers in

HMARAl ¢ i ITe onvriesiBasiEe e patiomEpy dsHarm ingneehenget degection for the
DEEEbEH T Sy BBk BysRa OBk oyt m sins

recel ve el g

subcarriers for. the primary fast fe ack channel and
R I e ap ot e Foloious s8I Rbof o 11 om ¢ he
four subcarriers for the secondary fast feedback

channﬁ%. Thes basg station.nmay perform non coherent
O

det ectfon ok beclors r m B dnd r fhs to deternine the £40)

vectors vm and wm sent on the primary and secondary

f ast edback annel Non- coherent detection refers
i il
Wgere s 18 @ correlation result for veetor v, intile .

[0048] For cach tile m, the base station may identify the vector with the largest

correlation result, as follows:

d, =arg ( Max (M,.}] . Eq (6)

.....

[0049] For each tile m, the base station may determine that vector v, , was sent in
tile m for the primary fast feedback channel based on the received vector r,, , for tile m.

The base station may obtain a set of six detected vectors v, through v, for all six

tiles used for the primary fast feedback channel and may determine the message sent on

the primary fast feedback channel based on this set of six detected vectors.



detection without the aid of a pilot reference. [0047]
I n one design, the base station nmay perform

Wovsgtde8r ent detection for the primary fast fRELDS29KS/056500

channel by correlating received vector x_mp for each

tile magai nst each of the ei ghtOpossi bl e vectors VO
through v7 , as follows: , for =70, ..., 7, Eq (5)

where Mmis a correlation result for vector vintile

m . {0048] For each tile m the base station may )

[098AL i f yntome dpsign.othe \Gashstetien may getforme doprhgicpidetection for the

t | QWS;; zar . . [O .
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t or et o] i pr.i fast
%{%g%sbg%%%gﬁannélfsgstasébégv%ﬁ&? I‘r@ {hg(?:ue%% C‘ga’ %efg?%‘%s'r np for
tile m. The base station nay obtain a set of six
det ectied vectrars WO d threugh_Y¥5d for all six tiles
used g\%’r"f t_ﬁgfg”i’s#ﬁry fastP#e);H ack3 thannel and may Eq (7)
determ ne the nessage sent on the primary fast

Rﬁ@r%bﬁﬁk[iggggﬁ@{aggﬁe@&t ?&.Jeﬁ{o? t‘f{eﬁn L ;51 x detected

vector g/ one desig e base station may

ﬁﬁ"sgfgr M PR a0 '&?J Ev)?tthéj BL&ClhOsh fn%g ih&ﬁifg SEORLALY WidSthe largest
eedback channe y correlating recelived vector _ns

tarcladmhretuld, es follagai nst each of the four possible

vectors WO through WB , as follows: =1 IWfor ./ =0,

..., 3, EqQ (7) where Mnis a correlation result for

vect ok Wirp GJ&@ @WmB3051] For each tile m the base Eq (8)

station may Vdentify the vector with the | argest
correlation result, as follows: em=arg Max {M} )

052, F tile.m the b tati ' .
[hsaf i & Efch GaectBF Bpare sl rwbnfe RS PP by Wopgvas sent i
§BER S0 nectibyrv i QG0 BRREY RERER BR 5 sRElot B, for e

%etT OeT l?aséie )étaglgré %?at ?g}t%/]igcat s%{ %f \SNQ ({setelscperdo\5'I E)rs\/%w‘?:3 ftﬁrr 10 !

Si X es use e secondary tast teedbdck c Arel for all

041 08Ysc GhE T REIdaE FESR R Db PR Y'th
?as% f esggbact; csha%nefy %gsegg%r? t%ﬁla%&s gt&]gr}@g(%x&gl I'the message
shtait ot thedsevaeihor fast feedback channel based on this set of six detected vectors.

[0053] In another design, the base station may perform non-coherent detection for

the primary fast feedback channel as follows:

5

4,=2G, vt 1, Eq (9)
m=0
where v, . is a vector to send in tile m for message c,

G 18 a scaling factor for tile m, and

A, 1s a metric for message ¢ on the primary fast feedback channel.

[0054] In the design shown in equation (9), the base station may correlate the set of
six received vectors for six tiles used for the primary fast feedback channel against a set
of six vectors for each possible message that can be sent on the primary fast feedback
channel. The base station may select the message with the best metric A, as the
message that was received on the primary fast feedback channel. The base station may

perform non-coherent detection for the secondary fast feedback channel in similar



[0053] In another design, the base station may perform
non- coherent detection for the primary fast feedback

webamanelesas foll ows: where vnt is a vector to BEnTiS1ions/056500

tile mfor nessage ¢, Gnis a scaling factor for tile

m and Ac is a netric for nmessage c on the primry

fast feedback channel. [0054] In the design shown in

equation (9), the base station may correlate the set

of six received vectors for six tiles used for the

s yllcabase isidigpapky elnamreprm glatcaen forsthe peimagy pnd sccondary
ssage that can be sent on
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[BSk el ddG. tThhoweasizgign of b iprddess Tifserfoeted by Acubsribbestation or

message that was recejved on the primary fast feedback .
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GORRER By ght b dBRBG BapsoPRek 19" s BURy Fisfecond feedback
ShaahélONMAYy SRABpSHINGS 8Ot prifar OasERdcstldaRAlfhdh Ofeedtd®k channels,
subscri ber station may determne (e.g., via an

eespecginplnin HESSHBeN0 arimey be etfercte apbgb@m@lés The subscriber station
np. fot reque S S

&%}/ gen? & gr{a%]né (i;]nb {?ﬁ%{[aﬁe%g ack é anéle C%H n[ﬁg rgt ﬁgrrtlﬁg of time
freqnty eguerey andsa he Sedond fae@ecloadmﬁelad;b@cﬂhe ebwndhortion of
(block 712). The first_and second feedback channels

Hay E@PW@§§@$@“¥6]?ﬁﬁfﬁVﬁnary and secondary fast

ac V,

Egﬁgfhernﬁggggggimn anngﬁk&”ﬁkgmgg §%§F§S§B§?%??§%d%§¥dsnmy
sanplissi af akt oy tda (¢.fesikitilsd). Eeddblaakaycdrammek atkhastgpnesebearrier

firs ortiaon of t freq resourc and/ or .on

tnh%‘cé @E E?a?té%]&ﬁé{@bnﬁ qﬁ}fsgﬁbalfqgﬁcg BAGOpH Pt g frequency
Rlsotrc&Bmby SOMBREVLESRINEER Rl KuBE® of &Q&éﬁ&rsﬁ%@pectlvely, in
time frequency resources for the first and second

tawbdbacin ohanhebs, el tido nqzmplsm éouﬂ wgml@memtqable of three symbol

e nmay. Cco e .at t one

by it Elon 7 eallat e BT (Repp i gl channc
flaty Somphide 8 @@Mn@@g i 04h @ ckbdPR o R SESHArIRS QUFSHE Sorners of

conprise first and second di sjoint subsets of
gqp%(ﬁ;p,rq &r as shosgipadilOy &) yhejspeond portion of time frequency resources for

the second feedback channel may comprise the four subcarriers at the four corners of

cach file, e.g., as shown in FIG. 5. The first and second portions of time frequency
resources may also comprise other subsets of subcarriers in each tile.

[0057] In one design, the subscriber station may send signaling on the first feedback
channel using the first portion of time frequency resources, and another subscriber
station may use the second portion of time frequency resources. In another design, the
subscriber station may send signaling on the second feedback channel using the second
portion of time frequency resources, and another subscriber station may use the first
portion of time frequency resources. In yet another design, the subscriber station may
send signaling on the first feedback channel using the first portion of time frequency
resources and also on the second feedback channel using the second portion of time

frequency resources.



each tile. In one design, each tile conprises four

subcarriers in each of three synbol periods. The first
wesiieesnf tine frequency resources for the fPEBHUS2008/056500

f eedback channel nay conprise all subcarriers in each

tile except for four subcarriers,at four corners of

each file, e.g., as shown in FI 5. The second

portion of tinme frequency resources for the second

f eedback channel nmay conprise the four subcarriers at
t0&8F ourFot oblads o/ 16+ ﬂ@aéhbsprlb%r statign mays sebwRctPrs pf @podulation
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may use the second portion of tinme frequency
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h d dback ch
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AotdioR RO HARI e teRRhccstfet 4 At FRMbatkehbRgl hhd 8econd portion of
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tesi fegquendyerasawsey fayer S@toaduf@frdbﬁdy chanmgl. singrraimiodyleohl4 to send
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reso

fosedpac kFIG'? amhebvs laf‘dleﬁlgn bh e pmmmmm Bfr atbiaf®station or some
frequency resources.[0058] For bl ock 714, the
QUiIBEEIHItY & TSEINE iStsmaling, Shshbrsg stafion snayrreprivrt dirst dpedback channel

Sy TPl %{tloﬂ_off lfrd ﬁ]eﬁe%gtcg ré&uttes 91' t))l2pﬁn& Bﬁ?ﬂ;rtbée%e a second

portlon time freq resources or t
feedbtoh cdhanicdmed secdht grortadn vetisne dreqacheliyt tesm&bésy(bldcﬂ{e914). The

subscri ber station end ectors 0 Iat

UiaH IRy %S%B%n@%gfsﬁ ap S@condffsif{'aanlg SharRgls g femprise at
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f eedback ‘channel |G 8 shows a design of
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L8t @R R CrREa oF G Fiel gk B e Gy dieyfist and
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portion of tinme fre ue resources for a second
pleagpiaclespastrelel 1 m aF eneg1br etbeistepdbask ghanmoly The base
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[0061] For block 912, the base station may obtain vectors of received symbols of a
first length (e.g., eight) for the first feedback channel. For block 914, the base station
may obtain vectors of received symbols of a second length (e.g., four) for the second
feedback channel. The base station may perform detection (e.g., non-coherent
detection) on the vectors of received symbols for the first feedback channel based on a
first set of vectors of modulation symbols (e.g., vectors v, through v.) usable for the
first feedback channel (block 916). The base station may perform detection on the
vectors of received symbols for the second feedback channel based on a second set of

vectors of modulation symbols (e.g., vectors w, through w,) usable for the second

feedback channel (block 918). In one design, for each feedback channel, the base



other entity to receive signaling. The base station
may receive a first feedback channel on a first

weorsiiaesdf tinme frequency resources (bl ock 912QT/HR2H08/056500

may receive a second feedback channel on a second

portion of time frequency resourges (bl ock 914). The

time frequency resources for the first and second

f eedback channels may conprise at |east one tile, and

each tile may conprise at |east one subcarrier in each
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THOR2F on s “HEChRRS e KRS OB ARl DJRT degiv e signaling
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channel . For bl ock 914, the base station may obtain

pertionref dme rfeespicned resowiset. so ofodales é@bhdo Iregsgjicha (seeqpd, feedback
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n ma orm non- coner

detahi emnycdsts b eccetet aymbols foeari et feaybdat| chafnddl, dddea module
first feedback channel based on a first set of vectors

8918 neded fetsgipibrs Yestogs of yeqet i ssypPolh fsuigR sgggnd feedback
hle for the first feedback channel (block 916). The
ase station may performdetection on the vectors of
[0868] ved'leymodlles fiar FiIGte 8emdnd0 fregd amprisd gnoeksdng sadctronics

n.a sgcand set .of vectors of nodul ati on symbol s )
g%V.lif.S: Ye¥RGT WS ﬂ?‘iﬂ?@‘?‘Fs\f@H}POﬂ%fyl Q8ICHy CI{GUS.SBEPRYES, cte., or

Lisedhagkatchanaebs, (bl ock 918). In one design, for each
f éedback channel, the basestation may perform

t96dLt i dIG.dd sbawh atlilpek dingrathefe destgr off the sarbsdrthenblatigns 120x

ne e received.on at .feedback channel. based, on

5 PR et G Sl BBy B S PR Rl AR B pa one of
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ggégperforn1detect|on across all tiles for each

b BrlscEbeynvationgl 2sis #guipapdl withemuliigle (T snsermas 1132a through
TEPOF, BERCILEE) 710 SR HAPAFIE B OPrs2 tre
MeRsadegeneral, the subscriber stations and base station may each be equipped with
any number of antennas. Each antenna may be a physical antenna or an antenna array.
[0065] At each subscriber station 120, a transmit (TX) data and signaling processor
1120 receives data from a data source 1112, processes (e.g., formats, encodes,
interleaves, and symbol maps) the data, and generates modulation symbols for data (or
simply, data symbols). Processor 1120 also receives signaling (e.g., for the primary
and/or secondary fast feedback channels) from a controller/processor 1140, processes
the signaling, and generates modulation symbols for signaling (or simply, signaling

symbols). Processor 1120 may also generate and multiplex pilot symbols with the data

and signaling symbols.



[0062] FIG 10 shows a design of an apparatus 1000 for
recei ving signaling. Apparatus 1000 includes a nodul e
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portion of time frequency resources, a nodule 1014 to
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sgﬁl ﬁ‘é’ﬁ%‘? %é%ﬁ&%ﬁgb’? qu T2 Eﬂdaﬁf% tgﬂfpéﬁ%r &Y b stations.
BaGPMERal BIrsh Hr8¢ass ? lreckRAQ, s1£fa@ 52 %@si)eétlik% één%lﬁ'ldt&g(DEMOD)
and generates nodul ati on synbols for signaling (or

$13p| Facks idgmatiulagr 5131ﬁ%cﬂrsgesse@r(@(gesﬁlmrs,lmpilﬁmy dawsepnverts, and
g tﬁ and. | t.i pl.ex %Iot nbol; Wgth t gat 5Qnda al
’igaf?gf b TERES Y0086 AP @ Mhler i Barh dPupriator ey aiso
ﬂéﬁfd‘t‘lﬂ\@n%dhmﬁ)ﬁ% gl ¥e2QFDRAY & K8 shinpRs fid bbtﬁfn I%@@l%cﬁsymbols
processi on the data, signaling, and/or pi
Kgpiye |(BX) %ﬁ@é@s@r@gessor 1160 may estimate the channel responses for different
subscriber stations based on received pilot symbols, performs MIMO detection on
received data symbols, and provides data symbol estimates. An RX data and signaling
processor 1170 then processes (e.g., symbol demaps, deinterleaves, and decodes) the
data symbol estimates and provides decoded data to a data sink 1172. Processor 1170
also performs detection on the received signaling symbols for the primary and
secondary fast feedback channels and provides detected signaling to a controller/
processor 1180.
[0068] Base station 110 may send data and signaling to the subscriber stations.
Data from a data source 1190 and signaling from controller/processor 1180 may be
processed by a TX data and signaling processor 1192, further processed by a TX MIMO
processor 1194, and then processed by modulators 1154a through 1154r to generate R

downlink signals, which may be sent via R antennas 1152a through 1152r. At each



1122y may performdirect M MO mappi ng, precoding,
beanform ng, etc. A synbol nay be sent from one

w@niognmast or direct M MO mappi ng or from nul tiPCEUS2008/056500

antennas for precoding and beanform ng. Processor
1122y provides T output synbol SIErearrs to T nodul ators
(MODs) 1130a through 113Qx. At subscriber station
120x, processor 1120x provides a single output synbol
streamto a nodul ator 1130x. Each nodul ator 1130 nmay

psedhanstesanll 4l §.dhe devglink sighalronybaghstatien HLI gy be eceived by
‘ . . q ‘

DS M AP I b oS RDBy oG RN st 3930 to obtain

anpived seabolandtypbwenber dtstjon 1 2Xxptiepiateicdd pantaidmay be processed

ener s an _uplink signal. At subscriber station )
%2@& ,‘Séﬁgtﬁ R épgaﬁhl%wog?sawal éﬁ?‘d%f?f?é’éfﬁ‘i ¢ Grtagapgdsignaling sent by

bisansfioht B Mt uAREEINRtbh3D0x. Akt SHRSHd: Rekior 11BDY Ofhe received
120y, T uplink signals fromnodul ators 1130a t hrough

dyr3Eils enag bermeoenicdttycen/R ¥ NMINMOX proneasorllli3zs and fatfgh processed by

11 respectively. [00 t base statjon 110,..R

T Sttt SRESSYE icghyon 6 Pagvan i Al g gl sent by base
Sth@RAl B fof 9iBsSHbG GRiBRN 26F.at i ons 120k and 120y and

EOSSI bly other subscriber stations. Each antenna 1152

91 deLantiobewsipressssoirgy hid0xt 140yr arvp&bi( may dentesd thaeraration of
(PR odAS: FAE: AGARANLALOEO L PAHPLAC E3GPSnd Bafk: station 110,
rrvers, anpgl i es, Hovvnconver?s, and digrti zes) 1ts

fegpattiveld. sComalllctsPprobdssdry 19200 kes .1 1ERC hagtqrepfduhadradirect process
1154 may al so perform denodul ati on (e. % for OFDM. on ]
¥ warkiCes’t 8nEBE aPther EFIES SGTDIBF s Iechniasgsei descriled) herein.

%ﬁ@}%@?&%&%‘% 14 %@Qne[{p%erﬁﬁm BRbifedt Bagggegé‘%@'in rf@épgga%%ﬁ)r other

erent subscriber stations on receive
piocedsessfortiod ©chrpeudsalesms it Meraiiet dnovies dh42edé#edind 1182 may
dat a,synbol s, and provyi des data synbol, esti es. .
ﬁ%ed‘éac% 4 @r%grﬁﬁaﬂq%ﬁb}l‘ﬁr_ &LO6F S hpé‘na Q?’s%‘k‘@gase station
{ £0,9rosp&XIRQ!  dENBRSdulde] NKET BV &hed @O dhdeGAdESert f8tions for
data synbol "estimates and provi des decoded data to a
transaissiorkon thg 2owkhok esdorupltk0 al so perforns detection

i ved signal.j ol s for the pri d
BB G ar et s AR AR ot By B Rhtouf Plggns. For
St@RAk,| theset leciMiRRP NG be lhpBReses sOhakikde, rHRAS], Basare, or a

station 110 may send data and signaling to the '
epiantignaghespht Fasrashardware implementation, the processing units at cach entity

(c.g., a subscriber station or a base station) may be implemented within one or more
application specific integrated circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic devices (PLDs), field
programmable gate arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, clectronic devices, other electronic units designed to perform the
functions described herein, a computer, or a combination thereof.

[0071] For a firmware and/or software implementation, the techniques may be
implemented with modules (e.g., procedures, functions, etc.) that perform the functions
described herein. The firmware and/or software instructions may be stored in a memory
(e.g., memory 1142x, 1142y, or 1182 in FIG. 11) and executed by a processor (e.g.,
processor 1140x, 1140y, or 1180). The memory may be implemented within the

processor or external to the processor. The firmware and/or software instructions may



Data froma data source 1190 and signaling from

control |l er/ processor 1180 may be processed by a TX
WQ@l2008/182062 si gnal i ng processor 1192, further prPCEES®AES/056500

by a TX M MO processor 1194, and then processed by

nodul ators 1154a t hrough 1154r L@ generate R downl i nk

signals, which may be sent via antennas 1152a

t hrough 1152r. At eachsubscriber station 1110, the

downl i nk signals from base station 110 may be received

o dsestericd ir @heinprogeragr-readable mepdiig cask ¢ BYdQm @cegss memory

g tain. .

A 007 REEMLEERED TRRMF R PR e T REbry MivRAM),

progeasagde hyadonRtndady @ROMNI) gelattringlypeasasts ®RANM3EGEPROM),
he d ' || b '

0SPER Shattonos Tt Phraseit Sl Race: 8 o

K(/)I%% pt T REELY e HPIRA] Sf MR REsBFOS $R§E G P %ﬁ%:é())%ny person

rocessor 1134y and further processed by a
glatled mntlie sitgoalakn@r psothe skwlostik3 6yariaus meshiretionh o tatdasclosure

and.signal i ng se bas tation 11 or subscri ber
SR ey g BaRblsu hoess Reied 11y B gRBsbE e e Hgeaicipies defined
AdréymayBe apIRQ tBBYhG ARER@dnst ieh AP AE Rt AN 1Bk thalspPHDr scope of
processing units at subscriber stations 120x and 12
tddipelesirst akliusn thel disclpagpdg tioy éntgnded to be limited to the examples

10l ] ers/praocessor 4 an - formaQr . .
SRR hEbRLRL IS EEBR Tk Yo A G BT REE LBLT principles
il ndveefcheedndisiiessd desar.i bed herein.
Control |l er/ processor 1180 may perform or direct
process 900 in FIG 9 and/or other processes for the

iq b i.n. Menories 1142x, 1142y,

L@gng;@%&gﬁg??}éﬁ%tﬁgl&d program codes for
subscri ber stations 120x and 120y and base station
110, respectively. A scheduler 1184 may schedul e the
subscri ber stations for transm ssion on the downlink
and/or uplink. [0070] The techni ques described herein
may be inpl enented by various neans. For exanpl e,
t hese techni ques nay be inplenmented i n hardware,
firmvare, software, or a comnbination thereof. For a
har dwar e i npl enentati on, the processing units at each
entity (e.g., a subscriber station or a base station)
may be inplenmented within one or nore application
specific integrated circuits (ASICs), digital signa
processors (DSPs), digital signal processing devices
(DSPDs), progranmabl e | ogic devices (PLDs), field



programmabl e gate arrays (FPGAs), processors,

controllers, mcro-controllers, mcroprocessors,
wWeb@sttws: c devi ces, other electronic units deRCHOBW0$/56500

performthe functions described herein, a conputer, or

a conbi nation thereof. [0071] F z a firmvare and/ or

software i nplenentation, the techniques nay be

i mpl enmented with nodul es (e.g., procedures, functions,

etc.) that performthe functions described herein. The

firmvare and/ or software iQEAIMS ons may be stored in

a nenory (e.g., nenory 1142x, 1142y, or 1182 in FIG

11) and execut ed by a processor (e.g., processor

1_140_’(1. 1146), gératjcé@&)wng 1b& c%ﬁﬂi‘ﬂhﬂca'ﬁ%ﬂ &)%rﬂrﬁﬁl nent ed

within the prg essor or external to the processor. The

fir mnatr écaanahor plsaoéstswarcenﬁglsred utot ddngnmmyamsofrb@ency resources

stored in_.other - r eadabl iu ch.a

PRI 5 EOTHIRSH e AR e e R0 B OF oty Sty channel and a

Mﬁnd/ pbdfohlo? tﬁi@é‘ﬁi&[ﬁeﬁé}ﬁ%ﬁ%@@%ﬂé seddHIAM dback channel, and to send
ggrannable read-only nenory (PROM), electricall

geagaigla thrOkt é@bﬂ@\@hanmﬁcsl-qhmm fee@lb@qm&mm@ﬁls% both the first
%r%%fﬁgeeﬁgac% ccfl m?e% W lrelg%ﬁe t11§1 %&%%gn der\és § CGS co%lprlse at least

revi ous description osure 'S

picovicledct aleoabpisian it mstsoﬂna skichird ih reatplh ef at tleakOone symbol
make or use the dj sclosure. Various nodifications to )
PeEdlpRE MOSTeH R fiTpt 45¢ seerndh najtiensrlitent freguanRy gesources comprise

ﬁi‘s‘t bh&dedoRd tdﬁ?mﬁtr %ubs%@ de Eﬁ&aﬁ%‘i’? rrés‘fae@tweﬂp ih\?v:e?ﬁogt?ﬁl.b NEast one

erein my be to other varratio
tiepand i ng fron1the spirit or scope of the disclosure.
Thus, the disc re is not intended to be limted to
the eXaWPIY S PRBHERE PR BRLRE { o b aceor ded
the w dest scope consistent with the principles and
novel features disclosed herein. [0073] WHAT IS
CLAI MVED | STmtwppvslth oquiaiaphawlmrejg thcormeficgliansy resources comprise

communi cat i.on . at least, o roc

S M ot Bal BormE PR ot Mfenlors B3t 80 Fr 8o fpRi&rioas.
conprising a first portion of tinme frequency resources

for a first feedback channel and a second portion of

ti me $requéheyrpaaigeof ebaimo?. whetetiotle fiseaerior of time frequency

ARG coh o E SRR oA Wil OB oRERRRATKrs ot four

torhsts @heachefikndintl ewhidraidk thehessoed portidhe beitind fieqiidnd® resources

frequency resources conprise at | east
com]grlses tl%/e four s %carrlers at ?1'1% four corners of each file.

4. The apparatus of claim 1, wherein the at least one processor is
configured to send signaling on the first feedback channel using the first portion of time
frequency resources, and wherein the second portion of time frequency resources is used

by another subscriber station.

5. The apparatus of claim 1, wherein the at least one processor is
configured to send signaling on the second feedback channel using the second portion
of time frequency resources, and wherein the first portion of time frequency resources is

used by another subscriber station.



one tile, each tile conprising at | east one subcarrier
in each of at |east one synbol period, and wherein the

w0 eogti12821 second portions of tinme frequency reGDUSIEH056500

conprise first and second disjoint subsets of

subcarriers, respectively, in eagh of the at |east one

tile; and a nenory coupled to the at |east one

processor. 2. The apparatus of claim1l, wherein the

time frequency resources conprise six tiles, each tile )

conpr Psi ngThowPraigssaet i @#g jln wheminofthe (i eleasfypso|processor is

?ﬁﬂg&g&i to %encir glg?aﬁfﬂg%a[by Fird? ffee%h@ékr@h%nnmgﬁlg'tﬁe f’nt%? gortion of time
Ir portion tPme frequency resources €onprises

atducnup eesouices and oneahe Bedont featvaepthdmiel fiong the second portion of

subcarriers at four corners of each file, and wherein

i Tequeicd OSSN of time frequency resources

conprises the four subcarriers at the four corners of

each file. 4. The apparatus of claim1, wherein the at

| east 7one phoegssaus ofsclaiont i whared to scrslenghading walthafjrso feedback

the first feedback channel ing, the first rti of

i C R i e e G PR e et barnd hou B shgich symbols
804 fitsPTengfh dnl tB fikdt PEHRNCS tinRSPIHUCRSy feSouts@d by anot her
subscriber station. 5. The apparatus of claim 1,

wherein the at | east one processor is configured to

send gi gnakj ng ﬁﬁa{u*s‘ S 8GERNG, fordlack ¢han &ghalﬂlsg' 88 the second
t he second porp on of trme frequency resources, “and

Pledbek thhme] tHer Btlcdgoditd ac@bort ik BN figiee BNeyid vestoLsr sfasodulation
is used by anot her subscriber station.6. The apparatus
BMRAlnpig Seconghepathpn the sesong paidion oh Ems fraasagyresaurces.
configured to send signaling on the first feedback

channel using the first portion of time frequency

resoupces dhdagnritheosdaon Wieedh dokfichanhetondsicadpackehannels

second portjon of time, frequen esour ces.

SoiEraPan 10 SRRy 2dhiorondgrs FRY frefbck Shanns Sglﬁalﬂz‘ﬁdgggﬁq he
first feedback channel the at |east one processor is
configured to send vectors of nodul ati on synbols of a

first10.engAmethod fre Wiraless cpmntuingation, compeisingequency
resour, aratus of claim7,. whe

send g? glisﬂlgfl?nﬁ g Eglre? ?%gu?&g ofggources compriSing a ' ﬁllrs? ]So?’tion of time

frequency resources for a first feedback channel and a second portion of time frequency
resources for a second feedback channel, the time frequency resources comprising at
least one tile, each tile comprising at least one subcarrier in each of at least one symbol
period, the first and second portions of time frequency resources comprising first and
second disjoint subsets of subcarriers, respectively, in each of the at least one tile; and
sending signaling on the first feedback channel, or the second feedback channel,

or both the first and second feedback channels.

11. The method of claim 10, wherein the sending signaling comprises
sending vectors of modulation symbols of a first length on the first portion of time

frequency resources.



f eedback channel the at |east one processor is
configured to send vectors of nodul ati on synbols of a

waewsnteBengt h on the second portion of tine fPELUSV08056500

resources. 9. The apparatus of claim1l, wherein the

first and second feedback channqbs correspond to

pri mary and secondary fast feedback channels in | EEE
802.16. 10. A nethod for wirel ess conmunication,

conprising: determning time frequency resources )
conpr 1%i ngThe miethod of slaimdd, whereiiBe periskiniperignaling feithes egmprises
Rl ol AR SRBN G Qo AR Ok RT ption of time
frbqueney restvireed. i me frequency resources conpri sing at

| east one tile, each tile conprising at |east one
subcarrier in each of at |east one synbol period, the

firstqand Aﬁ%?ﬁyfaﬁg 150 PRS e QfcohiniidtieA, isfgsour ces

conprising first and second disjoint subsets of

subcameisy By deaspevng vieleyfrequenene¢voorfces kematisihgasfirsbpertion of

b i ORsr RERWC S Bunt Trucndiek Samd iha o SEBEK Pepion of me
frbqhcpNescueclntdr f £ eelmakrcerRet minnd L thel RigndMBlef@shc9f resources
claim10, wherein the sending signaling conprises

semplisieg velsagrancotleneghitie icompsging o dcasf one subeairicr in cach of at
|-GRIER. Qe dichStnPRES AR Bodd BELREAISNRY frcguency resources

resources. wherein

s@ngtigige Sisgmal $doand disjoire sulbRufissesins@ndespgcetiady, on sadhfof the at
nmodul atj on synbols of a second | ength on the second
lsastongfiloend i ne frequency resources. 13. An apparat us

for wl.eless §&1'HWFQ; ig%ﬁéliri] onCHPilst | B%ibalE _ac'ﬂﬁm{e‘?,r or the second

determning tinme resources conprising a
facdlstck phadrich or bbtht thenfirst aedjscenny facdsa@birchesnelsor a fir st

f eedback channel and a second portion of tine
frequency resources for a second feedback channel, the

time {4 equepsyppRaRY TeaieP B! hWlcRGh e hRARS f@NGnlidesignaling
each tile conprising at | east one subcarrier in each

ofmprisch omsns omecsimbudctqre of owdulizhen symbxls ahal fisse bamgth on the first

ortio of. time frequency resources conprising first
Botton 8ERmE oSt 8iBet s of subcarriers.

respectively, in each of the at |least one tile; and
15. The apparatus of claim 14, wherein the means for sending signaling
further comprises means for sending vectors of modulation symbols of a second length

on the second portion of time frequency resources.

16. A processor-readable medium including instructions stored thereon,
comprising:

a first instruction set for determining time frequency resources comprising a first
portion of time frequency resources for a first feedback channel and a second portion of
time frequency resources for a second feedback channel, the time frequency resources
comprising at least one tile, each tile comprising at least one subcarrier in each of at
least one symbol period, the first and second portions of time frequency resources
comprising first and second disjoint subsets of subcarriers, respectively, in each of the at

least one tile; and



means for sending signaling on the first feedback
channel, or the second feedback channel, or both the

wo poogti1izaszl second feedback channels. 14. The aP@EHDS1008056500
of claim 13, wherein the neans for sending signaling
conpri ses neans for sending vechgrs of nodul ation
synbols of a first Iength on thé first portion of tine
frequency resources. 15. The apparatus of claim 14,
wherei n the nmeans for sending signaling further
conpr # $ePngERHEICHER sefclRrseryling sigp#ggon tsdisateedback channel, or
FERRYR SR CARRR0 OO0 Tedfh R SERRICAALL LAt
medi um i ncl udi ng i nstructions stored thereon,

conprising; a first instruction set for deferm ning
time i?-equgh%ypmé%%%@ééﬂbi% npFI] ﬁé alofm 56, piFs B tht second
Is#Bctione oy rls€s QUih%asS infsﬁ’ﬁct?)nf bt Sfor fs@ﬁ(ﬁﬁ@%c%?@?? &hodulation

and a second portion of time frequency resources for a
syaclsiof @Bub kokthainathe kst poHwntdf mencf frepgaenogsaessur ces
conprising at |least one tile, each tile conprising at

| east one subcarrier in each of at |east one synbo

periogg. thendi pbedBdrca@MMNdmp@hat bONSlah 17 Mvherein the second
frequency resources conprising first and second

stpaiont sgubytcs wmpsisbt & fows inytasper tsel dby  sehding avdgtors of

f ot t t e tile; SRCO [pstruction. set
L A T e A S
asoies. second feedback channel, or both the first and
second feedback channels. 17. The processor-readabl e

medi a of claim 16, wherein the second i nstruction set

conpryges gn%Bééﬁ%%Pékggghépn set for sending vectors

of nodul ation afirst length on the first
por ti anleadt dnkmeodesenuenfiyurcésousces.a fitht fdduback channel on a first

Eraces or-readabl e nedia of ¢laim217, wher %%E¢hﬁf h

_%‘@8’&(5) itﬁg? BETGH ST £ fO ESRIYEi % 8c0Rd f PEfe © annel on a
sd28hd YeitioAbfStihe fﬁ%gue?l%&‘ G QRr &8 Sl RES N0 mBBRY L&l F8sources for the
synbol's of a second | ength on the second portion of o
firstrend seqpnd rfegdbaels sharpels. cobgrisarat dgashong Gk, cashptiles¢amprising at
least one subcarrier in each of at least one symbol period, and wherein the first and
second portions of time frequency resources comprise first and second disjoint subsets
of subcarriers, respectively, in each of the at least one tile; and

a memory coupled to the at least one processor.

20.  The apparatus of claim 19, wherein the time frequency resources for the
first and second feedback channels comprise six tiles, each tile comprising four

subcarriers in each of three symbol periods.

21. The apparatus of claim 20, wherein the first portion of time frequency
resources for the first feedback channel comprises all subcarriers in each tile except for
four subcarriers at four corners of cach file, and wherein the second portion of time
frequency resources for the second feedback channel comprises the four subcarriers at

the four corners of each file.



at | east one processor configured to receive a first
f eedback channel on a first portion of tinme frequency

WO 2®80128%, and to receive a second feedback cP@mOg1008656500
a second portion of time frequency resources, wherein
time frequency resources for theg,first and second
f eedback channels conprise at | éast one tile, each
tile conprising at | east one subcarrier in each of at
| east _one synbol period, and wherein the first and
seconé?por T %W@P@ﬁﬂﬁlﬁ%‘#%@h&%ﬂé@wﬁé%d@?c@skéﬁhﬁﬁ¢é%oaﬂﬁﬂ is

d I r.S

R RO e Ao IR o RERER I Single subscriber
sretimr.y coupled to the at | east one processor. 20. The
apparatus of claim 19, wherein the tine frequency
resources for the first and second feedback channel s

conprhse SirKe td g%%tuseéf: R 1 difl @90%%1@ Mg {tOHhst one processor is
subcarriers 1n hree symbol periods. 21 ﬁ

acmf@uaetdum ofccolcathm 261 anthescedmi fdvedbdakr shanpolstfrmn ofo subscriber
i me frequency resources for the first feedback
%ﬂﬁel conprises all subcarriers in each tile except
for four subcarriers at four corners of each file, and
wherein the second portion of tinme frequency resources
for the sefbadppeetisaek cdianng w:h@rmmutbesatt stf g processor is

g&ﬁ%,ulfetdl t%ro%% A4 VE(IJ'{SI‘S 103Urgc Vedns(%n oﬁfofea?P {l ?h f%% theTﬁlest feedback

pliana els aod td Sbt@ﬁﬂ%o@!\rﬁ of réRivedoginbelst biea fscbdoﬁti largdh for the second
second feedback channel s froma single subscriber
taedbackghanngl. The apparatus of claim 19, wherein the at

| east one processor is configured to receive the first

and second feedback channels fromtwo subscri ber

st ati dhs. 2He apperagppaf alais 09, stharam 1t9e a/bhmaﬁi ond¢ hpeocessor is

east one processor i s confi ured vect or
BB SR LTINS TOh o YoRIEr Of BGURY REOP RO fegis! feedback
El?a%ﬁ@laﬁé%e&rtﬁﬁﬂeﬂirst doft Qe @bt AMmMYEELASS s%b()l@c@shm%dfor the first
synbol s of a second |length for the second feedba
tdedbaskichaiz®l. The apparatus of claim 19, wherein the at
| east one processor is

26. The apparatus of claim 25, wherein the at least one processor is
configured to perform detection on vectors of received symbols for the second feedback

channel based on a second set of vectors of modulation symbols usable for the second

feedback channel.

27. A method comprising:

receiving a first feedback channel on a first portion of time frequency resources;
and

receiving a second feedback channel on a second portion of time frequency
resources, wherein time frequency resources for the first and second feedback channels
comprise at least one tile, each tile comprising at least one subcarrier in each of at least
one symbol period, and wherein the first and second portions of time frequency
resources comprise first and second disjoint subsets of subcarriers, respectively, in each

of the at least one tile.



configured to performdetection on vectors of received
synbols for the first feedback channel based on a

WO oogt11381 of vectors of nodul ati on synbol s usedi/&S5008/056500
the first feedback channel. 26. The apparatus of claim
25, wherein the at |east one prggessor is configured
to performdetection on vectors of received synbols
for the second feedback channel based on a second set
of vectors of nodul ation synbols usable for the second
f eedback channel. 27. A nethod conprising: receiving a
first,§eedbgc ﬁe%ﬂ%%‘lau@%a v&;hefeﬁﬁ tlféoﬁrgﬂ A S%E d %Edb ck channels
frequency resour ces récei ving Second T %K
sileacsedlcddron a sSiglondibpaitict atati@f. tlne frequency
resources, wherein tine frequency resources for the
first and second feedback channels conprise at | east
one thhe, RC Hlemdd%fcc@dmriﬁ 'v&@lgre@ﬂ tHe SRSt aﬂ%c&ﬂ%@ﬂﬂa’c@ I'channels
in each of at | east one symbol period, and wherein t
fnicrstciaddrae bomsubponbdretasions. time frequency resour ces
conprise first and second disjoint subsets of
subcarriers, respectively, in each of the at |east one

tile. 28. -”Fﬁe mRiHdAGrefai |28l Wheréin B esceivingd the firitrfeddbacidchannel
second feedback channels are received froma single

eQIBRIEICh lobraingn@ v asers of geceTved sratbhbsadfof figst éﬂngﬂlzfpr the first feedback
rei h I: c d o r

%@8&\/ ggé fwﬁlgin%uﬁ \%11106 %% 1V§ %e?seé 1) f%gg’l%acﬁgg 1 co%gf 5SS dobtalmng

ofctérk af Mcdived Whabats of 4 hteoﬁde R thi fbgtﬂemecdmdrfsédbﬁaedmm&

channel conprises obtaining vectors of received

synbols of a first length for the first feedback

channel , and wherein the receiving the second feedback

channel conprises obtaining vectors of received

synbol s of a second |length for the second feedback

channel . 31. The nethod of claim 27, further

conprising: perform ng detection on vectors of

recei ved synbols for the first feedback channel based

on a first set of vectors of nodul ati on synbol s usabl e

for the first feedback channel; and



perform ng detection on vectors of received synbols

for the second feedback channel based on a second set
w@Roosatr682 s of nodul ati on synbol s usabl e for tPE/ES2081056500

f eedback channel. 32. An apparatus conprising: neans

for receiving a first feedback ?annel on a first

portion of tinme frequency resoufcCes; and neans for

recei ving a second feedback channel on a second

portion of time fre%uency resources, wherein tine

frequéhcy Thapghedof climpRefurthpseonytisinggcond f eedback

chann e [

conpr ﬁesr?onrgﬁg) d]et}gtsn?ﬁ olﬁe@ezctltj rg;b?r]itegéflged %2&19%1% 1#0? the ﬁrst feedback

cianslybidell qrenifodt sanef wheomsi of mbéulﬁnasrstsymbdlsaﬁsabledfor the first

E%rtlg B of ti frequency resources conprise first

dback cBacHia8floi nt subsets of subcarriers,

r espegtieyalive dét@ctﬁﬁlc!?n QIEctBﬁeotaltec&@@@ GyiRb&is tfbll ﬁre sevond feedback
The apparatus of claim 32, wherein the neans

clepsthMiasgd pme skcarstt scf Btk of Inmﬁm@tloowmbol@es%abieémsthe second
For o%tglnl g vectors of received synbols of a first

csdck © he first feedback channel, and wherein the
means for receiving the second feedback channe

conpri ses nmeans for obtaining vectors of received

synboB% oana@E@Bh@CD@mg$hgfor t he second feedback

chan nglean Ot re-[:gl%maé) D ﬁjr’s?tfe%?bgck c%lagr(lljéqo%%t fnfsﬁlg trﬂgﬁ of %1rne frequency

conpri sing on vectors
ﬁ%o@ﬁ@ﬁaﬂ&d synbol s for t he flrst f eedback channe

based on a first set of vectors of nodul ati on synbol s

usabl Bepsy foryecqiyingta pecent fesdbasiashamel apdt preaRs pgton of time
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second on a second
cianvels tcompried atntoak Ioae itibd) eag/lrrhkel @mlfmhigeatﬂenst bimesﬂnemred in each

f ack chann SSsor - dabl e nedi } )
ohéi E%ﬁ% gng rmn?al: PP OBt i %ﬁst eﬂ&nﬁ@%& myrtiops of time
frbcﬁ%c NakbHedd RBmpSike f Qfst réﬁfde's‘ééd?ﬁ Aiibins tsub&eIbSIC Kubcarriers,

channel on a first pOI‘tIOI’] of
respectively, in each of the at least one tile.

33. The apparatus of claim 32, wherein the means for receiving the first
feedback channel comprises means for obtaining vectors of received symbols of a first
length for the first feedback channel, and wherein the means for receiving the second
feedback channel comprises means for obtaining vectors of received symbols of a

second length for the second feedback channel.

34. The apparatus of claim 32, further comprising:

means for performing detection on vectors of received symbols for the first
feedback channel based on a first set of vectors of modulation symbols usable for the
first feedback channel; and

means for performing detection on vectors of received symbols for the second
feedback channel based on a second set of vectors of modulation symbols usable for the

second feedback channel.



time frequency resources; and a second instruction set
for receiving a second feedback channel on a second
w@ersilaesnf tine frequency resources, wherei n PCTES2008/056500

frequency resources for the first and second feedback

channel s conprise at |east one ?ile, each tile

conprising at |east one subcarr'ér in each of at |east

one synbol period, and wherein the first and second

portions of tinme frequency resources conprise first

and s&%ondAdiPEjcssset-readpllet medinms ipdudipg epstructions stored thereon,

%ﬁg&%&%%vely, in each of the at |east one tile. 36.
protessor-readabl e medi um of claim 35, wherein the

firstaifingtinggiction s&dbr e@oipingse sira fédiback chaaheluet a €irst portion of

set for obtaining vectors of received synbols of a

fime SEeqpeneyRsoEeStaid first feedback channel, and

wher el ReEdH8 RERRAGN B8 fdrUetdiAfe SeLec6RIMLIIBE% hahRUMda second

instruction set for obtaining Vectors of recelved

pomrbn lof tiofe facpiecgnetsdengyt Whetwmin time femoomy eswudzadir the first and

channel .. 37. The processor-readabl e nedj um of cl.ai m

SHOR] TR e SPRBTIoGR S BT rGe D HhoambTisipg at least one

RAYChRIRin Gallelop Gt 11043t @fe WORbLOI Peidbd, F AW HELinSIRED@IE and second

for the first feedback channel based on a first set of

pertipny of dimendipghertcly ofeseyrpdsorempresbiiest fapd schend idisgint subscts of

f eedback channel :.and, a-fourth .instruction set for
Sp“g“’rC oFhY ﬁegSp%%‘tVSiéft e Rf E/h&att Eoeura‘sst BF W%cei ved symbol s

for the second feedback channel based on a second set

of vectors of nodul ation synbols usable for the second )

f eedbd®k chhgpcessor-readable medium of claim 35, wherein the first instruction
set comprises a third instruction set for obtaining vectors of received symbols of a first
length for the first feedback channel, and wherein the second instruction set comprises a
fourth instruction set for obtaining vectors of received symbols of a second length for

the second feedback channel.

37. The processor-readable medium of claim 35, further comprising:

a third instruction set for performing detection on vectors of received symbols
for the first feedback channel based on a first set of vectors of modulation symbols
usable for the first feedback channel; and

a fourth instruction set for performing detection on vectors of received symbols
for the second feedback channel based on a second set of vectors of modulation symbols

usable for the second feedback channel.



