Pl LOT TRANSM SSI ON BY RELAY STATIONS IN A MULTI HOP
RELAY COMMUNI CATI ON SYSTEM [ 0001] The present
wa@ppBilcswei on clains priority to provisional U BCT/US2008/057125

Application Serial No. 60/895,390, entitled "PILOT
TRANSM SSI ON BY RELAYS I N A MJLTI HOP RELAY SYSTEM "

filed March 16, 2007, assigned to the assignee hereof

and i ncorporated herein by reference in its entirety.
BACKGROUND | . Field [0002] The present disclosure

rel ates generally to comruni cation, and nore
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Mul ti ple Access (FDMA) systens, Othogonal FDVA

(OFDVA) systens, and Single-Carrier FDVA ( SCFDVA)

systems. Wrel ess syst BACKGREOWND i shed t hensel ves

as a growing area in the field of tel econmunications.

The cHielént trends and demands are to deliver
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p306mA] A wirel ess conmuni cati on system may support
mul ti hop relay in order to inprove coverage and/ or
performance. Wth nultihop relay, a base station may
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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. Wireless systems have established themselves as a growing area in
the field of telecommunications. The current trends and demands are to deliver
multimedia services such as voice, video, interactive games, etc., with guaranteed
Quality of Service (QoS). High data transmission capability is desirable in order to
support high quality multimedia services.

[0004] A wireless communication system may support multihop relay in order to
improve coverage and/or performance. With multihop relay, a base station may
transmit data to a subscriber station via one or more relay stations. Each relay station

may receive the data from an upstream station (e.g., the base station or another relay



or another relay station). A transm ssion from one
station to another station is considered as a hop. It

woreypshesseesi rabl e for each relay station to rePCHOSI008/057125

the data as efficiently as possible and in a manner

that is transparent to the sulscriber station. SUMVARY

[ 0005] Techni ques to support [tihop relay in a

Wi rel ess communi cation system are described herein. In

an aspect, a relay station receives data and a first
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station. The first pilot allows the relay station to

recover the data sent by the upstream station. The

second pilot allows the GIWNEMARY station to recover

the data resent by the relay station. Each pilot may
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the channel information to the first station.
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¢ 5 SR ormation. [0007] In

peecpesiigne Qie§1 sgfdlgegtaﬁéraﬁiaga RedbR dRE Y8 fIALAIoRMdm a first
pilot froma relay station. The subscriber station ma
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information to the relay station. [0008]. Vari qus
SpeEhes sHank eBauicky S&@ftlopﬁéasaxeé%lweagm@e inforgadien figeythe second

bR g Eﬁ({]ﬁ{ang}vé‘alrh the channel information to the first station. Alternatively or
additionally, the relay station may select a rate for data transmission to the second
station based on the channel information.

[0007] In one design, a subscriber station may receive data and pilot from a relay
station. The subscriber station may derive a channel estimate based on the pilot and
then perform detection for the data based on the channel estimate. The subscriber
station may determine channel information based on the pilot and send the channel
information to the relay station.

[0008] Various aspects and features of the disclosure are described in further detail

below.



bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [0009] FIG 1

shows a wireless comuni cati on system supporting
woriositkssp? rel ay. [0010] FIG 2 shows a frane sPCT/US20€057125

wi t hout nultihop relay [0011] FIG 3 shows a

subcarrier structure for full3usage of subcarriers

(FUSC). [0012] FIG 4 shows a“subcarrier structure for

partial usage of subcarriers (PUSC). [0013] FIG 5

shows a subcarrier structure for band adaptive
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frane structure for Itihop relay in a transparent
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supporting nultihop relay by a relay station. [0020]

AMC)13 shows an apparatus for supporting mul ti hop
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0023] FIG 16 shows a bl ock diagram of a base )
361 on FIGSy & ayd st showntwoadame siedwies der thicgthaps, in the non-
ﬁg]@ld CRI PTI ON [ 0024] The techni ques descri bed
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errestrial Radio Access sys
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( Evol ved .UTRA - UTRA).,. | 802.1 1
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FI ash-OFDMr), etc. ese various radi o technol ogi es
W33kt addar d§ shogvs a block diagram of a base station, a relay station, and a

subscriber station.

DETAILED DESCRIPTION
[0024] The techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA and SC-FDMA
systems. The terms “system” and “network” are often used interchangeably. A CDMA
system may implement a radio technology such as ¢cdma2000, Universal Terrestrial
Radio Access (UTRA), etc. An OFDMA system may implement a radio technology
such as Ultra Mobile Broadband (UMB), Evolved UTRA (E-UTRA), IEEE 802.11
(which is also referred to as Wi-Fi), IEEE 802.16 (which is also referred to as WiIMAX),
IEEE 802.20, Flash-OFDM®, etc. These various radio technologies and standards are

2% &<

known in the art. The terms “radio technology”, “radio access technology”, and “air

interface” are often used interchangeably.



known in the art. The terns "radi o technol ogy", "radio
access technol ogy", and "air interface" are often used

WO niogficdsangeabl y. [ 0025] For clarity, certain aRQEUS®O®657125
the techni ques are described bel ow for WMAX, which is
covered in | EEE 802. 16, entitled "Part 16: Air
Interface for Fixed and Mbi Ié Broadband Wrel ess
Access Systens," Cctober 1, 2004, |EEE 802. 16e,
entitled "Part 16: Air Interface for Fixed and Mbile
E03abbard@r wWipitye ssrtpac aspsctsy et dhes toghpigyae e Adescribed below  for
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st A6 T Bt four Eb gy Viokte B Sd WikeleSs Access
S{aadandsitiByp iRrélaZO ifMatibeh ayecehdbi 0852060 hese documents are
obj ectives of | EEE 802. 16j include extendi ng)}covera e

preldigly eveilablei Age tevhoggbpuey akd bs yseceior EBPRE0E Y Sms ahiohgs a new
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iitdrele@Ste  Ethantipeabingdhcs Y&t EPEHR 042t IvaktagddrdoO HyS introducing relay
mul ti ho% el ay.. For si r}:pl icity, FIG 1 shows only one )
Hasenss tSpmeorycqssy of EEE B0x- £¢ ipepdg cxiending pRyeraRs)argep gnhancing
, t sgrihen t; (

ﬁ%lg%{ﬂ ﬁt gj',]a éﬁe?@% ae/@f}éjtdg m&% ibﬁﬁ%fgd (Ilal?é;ﬁbf %ﬁ)ﬁ%%%qo% Qﬁions’ and
hasmigh@atoaplexandf @iuy smtisher of relay stations that

ort ni cati on for any nunber of subscriber .
[03B1 o n 10 Ipehew S wirFlsy soan u@fﬁéﬂnﬁst@%f&%@ﬁbwgﬂs multihop
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may perform fdnctions suchas connectivity,

Ratidrd a2 andrnd@4cemt two safscribdraspatpmat(BBHn$3Gaad 132. In general, a

subscriber stations., A hase station .my also b :
Waer PRy pgudg Ay RB‘B‘%“B)%% %t%@?“x?ea&ldl%lﬁém@,%eéﬁée&ac‘/eitgnons that
RQipBEt, codhrfunilatiodl fY Siakiberi &F QibSérdel Qtutiohat Aroavd d@son is a
connectivity to other relay stations and/or subscri ber

siatarl diad. SURPPY dpmenuaiqagian nfgy sabscsibpr olatigns. nafhabrsaesigtion may
[ nAL: t / ,
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sibatdin seitidng SUbseritiitoh ®hatlsorbamyerhd foddnd Nodt B,@in evolved
the air interface between a base station and a .
Bode 8 ppafcest Rpinbretc. Adpislay dation; i3 shaipndBatcRygpideg connectivity to

other relay stations and/or subscriber stations. A relay station may also provide

management and control of subordinate relay stations and/or subscriber stations. The
air interface between a relay station and a subscriber station may be identical to the air
interface between a base station and a subscriber station. A base station may be coupled
to a core network via a backhaul (not shown in FIG. 1) in order to support various
services. A relay station may or may not be directly coupled to the backhaul and may
have limited functionality to support multihop communication via that relay station.

[0027] Subscriber stations may be dispersed throughout the system, and each

subscriber station may be stationary or mobile. A subscriber station may also be



to a core network via a backhaul (not shown in FIG 1)
in order to support various services. A relay station

woreapsorsseny not be directly coupl ed to the back¢EUb20881057125

may have limted functionality to support nultihop

conmuni cation via that relay station. [0027]

Subscri ber stations may be di Spersed t hroughout the

system and each subscriber station nay be stationary

or. nobile. A subscriber station may al so bereferred to
gdergednishpy @ wPilq sfation & TN an 4fccat dugEnalep Mspapquigment, a
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via the down and upl 1 nk he do
(ownlidr (wafawardkk)refeerto th@CQﬂmaumoaHmﬂﬂIdeﬁmmnhd bask station or the
fromt
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Esth@hRich®or! ek GORMMBNGHAEARA sﬂa’u&lftof the Bhde@atRMRS e R station.
station to the base station or the relay station.

[938B] 1ln thé @Xfémdﬁwhews HovdGi i, Pase, st@lonbhlé)en@y aoimppunicate with
cate tat 130

Su]qsg)q/@e\éts I on PZ 4 r%lagglgat atbl?g#% atl r an S%Vttraalslgnt data for

§ubscishod Seatioh €13 0 dnaghtc @ whBk 0 fReﬂd}zestﬁimm l 20fnay Rededye the data from
statlon 120 may receive the data from base station 110

SFﬁS‘?n rldp ,aggl, Srviretpsnathg daig amide downlinkfo gubscriber station 130.
Eh' SGEtRel 1655 RL élf%gcri%g stabBBt q eﬁg% ?Jé QR communicate directly

scriber station may a so e to conmuni cate
dmhembhyoﬁwﬁh one another. [0029] Base station 110 may

I co nicate i th subscri ber stat 132 via re
0038} onBepestatian | Kbmay pliegourmmiosie wﬁ% \5}% ?re?F?élﬁfltBS via relay
datighsi 00 SHD3ar IHGE safigt 'lP(mm]ﬁz%raﬁmet Ql@ta%i“@ﬁﬂs@ﬁber%@iﬁ%ﬁ 132 on

station 122 may receive the data from base station
thedlomenink e tRcdaysstatiort h22 day acteove bk alptasframi tane $ajon 110 and may

PPl 25 e ST ARt e S 1 LR reeene the date fiom

SoWndtitih 122 SdB6S) ichehsnsit eel A didthe dBARENR %cagub@alt;le% Qtation 132.
may not be able to comunicate directly with
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N e T

¢Dnnyn|cat|on bet ween base station 110 and subscri ber
ﬁb%h]l_]grcl%g}?éﬁhov% an1 egaln?pole gP (2) Vl\llsop %Qm%i(u%?ﬁlugn (‘E))];twseertl1 bgse station 110
and subscriber station 130. FIG. 1 also shows an example of 3-hop communication
between base station 110 and subscriber station 132. In general, a base station and a
subscriber station may communicate via any number of hops.

[0031] IEEE 802.16 utilizes orthogonal frequency division multiplexing (OFDM)
for the downlink and uplink. OFDM partitions the system bandwidth into multiple
(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



bet ween base station 110 and subscriber station 132.
In general, a base station and a subscriber station
woreapsaaiseuni cate via any nunber of hops. [ 0031pCT/EEH08/057125

802.16 utilizes orthogonal frequency division

mul ti plexing (OFDM for the dgmnlink and uplink. OFDM
partitions the system bandw dth into nultiple (NFFT)

ort hogonal subcarriers, which may al so be referred to

as tones, bins, etc. Each subcarrier may be nodul at ed
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a _subset of theNFFT total subcarriers nmay be usabl e
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the sy tem to mest spe sk requirements.
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é bcarrler is a subcarrier used for pilot. An OFDM

% y be transmtted in each OFDM synbol period

(IBBZF" MG, 22showIRA! cxRBIplOFImaREudtay: 2000k HEKyt datiBhop relay for a
subcarriers used to send data, |Iot subcarriers used

tlmesbﬁ@lwpudlupkex (m@)gn@dedmshlﬂ@@a$ Hr. sThotrangeissign Fimghnamay be
g%rtlggl%egitrlélt 52 f nueic:ﬂqlﬂé\a’z pe Fleapl gy?gr%rgd’e?enrrﬁ%ned time duration,
QgYISSUQHlSMH@(mé)TBB)i 1R ®c i partitidnkd 801. 4 @owhligk subframe and an
transn1SS|on tinmeline may be partitioned into units of

mplakesibiemeh Fhedpwinl apgawli ﬁ?@ﬂ%ﬁ@rfﬁ% Bel senaggted by a transmit
be

SR e (1) APy e RRAARERI SR BRECTEY 08,

F0OBBY arrm direbatowh| phykicaindulbighknmits sudbf rtenelsiinely bEach physical

§L§&Er at g%@(&%&s{%ﬁ %tc%%gs a?t[sr%egg gc?o'%tléTTG) rlbuted across

RYS5ER! baaHRENRN @seﬁtﬁnﬁ@*%f @%lgﬁfshﬂﬁan@ﬁﬁy%mbsﬁeC@éﬁned and may

subChannel may include a se subcarriefs that nmay
be noapped gaahs nhwysidils sutichutnetd bascdsm ahismosyns trepping.  The logical

h A bch I I b
8@?%& iy MR B bpedoh 8PS y o1 cal subehannel

F OMAAsHOR@AWRA FTBPRI Adowhhifk sagiaedl rn§j§>| ReharnepSadiBY, a frame
ify the al | ocation of resources. oosné As shown

13<?11UF0|1 deager (ECaEmdqvwl@&bmma&ELrMy\P)n@m wirEnks mape AIMAP), and
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py sabkatiBermayticadr oy fianmkndsrtion angd myﬁshromzattbmt Thy FO®I may carry
lﬁlg’rggleters used to receive the DL-MAP, the UL-MAP, and the downlink bursts. The
DL-MAP may carry a DL-MAP message, which may include information elements
(IEs) for various types of control information (e.g., resources allocation) for downlink
access. The UL-MAP may carry a UL-MAP message, which may include IEs for
various types of control information for uplink access. The downlink bursts may carry
data for the subscriber stations being served. An uplink subframe may include uplink
bursts, which may carry data from the subscriber stations scheduled for uplink
transmission.

[0035] In general, the downlink and uplink subframes may cover any fraction of a

frame. In the example shown in FIG. 2, a frame includes 43 OFDM symbols, the



by subscriber stations for franme detection and
synchroni zation. The FCH nmay carry paraneters used to
w0 e@eilyss21t he DL- MAP, the UL- MAP, and the downlP@kUS2008/057125
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types of control information ?e.g., resour ces
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&&ndﬁinﬂaered OFDM symbol, the fifth and ninth subcarriers in each cluster are pilot
subcarriers, and the remaining 12 subcarriers are data subcarriers. In each odd-
numbered OFDM symbol, the first and eleventh subcarriers in each cluster are pilot
subcarriers, and the remaining 12 subcarriers are data subcarriers. The clusters are
arranged into groups, with each group including 24 clusters. For PUSC, a subchannel
includes 24 data subcarriers distributed across one group.

[0039] FIG. 5 shows a subcarrier structure for band AMC. The available
subcarriers are arranged into bins, with each bin including 9 consecutive subcarriers.

The center subcarrier in each bin is a pilot subcarrier, and the remaining 8 subcarriers

are data subcarriers. For band AMC, a subchannel may include one bin in six



subcarriers distributed across the system bandw dt h.
[0038] FIG 4 shows a subcarrier structure for PUSC.
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2. OF nbol s, ectiv 0041] FIGS. 3, 4
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defined. As an exanple, fo the pil
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SULROSHEr SBtRR, mih eent fi6cs e DIL-KIATH & 6hthinPa IDIL-MAOP fedsSage that
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SR GRS DA LSRG BT oy s
statien. dT6 ecdoviyr the datas thassibsdréer Stadibn ﬁfanyﬁ‘sWtﬁlhail’Tﬁlannel estimate
for the data subcarriers in the downlink burst based on pilot sent on the pilot subcarriers.
The location of the data and pilot subcarriers may be dependent on whether the data was
sent using FUSC, PUSC, or band AMC. The subscriber station may then perform
detection for the data subcarriers based on the channel estimate. The pilot subcarriers
thus carry important information used by the subscriber station to recover the data.

[0043] As shown in FIG. 1, a base station may transmit data to a subscriber station
via one or more relay stations. The system may support a transparent mode and a non-
transparent mode. Table 1 lists some characteristics of the transparent mode and non-
transparent mode, which are described in detail in the aforementioned IEEE 802.16;

document.
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descri bed bel ow. [0045] For franme 610, the downli nk

subfranme may be partitioned into a downlink access
944l 61 FIsnd dewspt franastreqtaissionmetthoporlayendhe garsparent mode.
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6 RRowx arfping: 61O d Rldyl SGtiod, deMrthé dswalicie ssbfzdng dXimes 610
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%{H%%%faéﬁ @g/f Irsya ﬂlggi\f&}ghbr%gy %g oc\érelﬁfgl(l)rrabllél a%d géter-lr;lqged by the base
station. In the example shown in FIG. 6, downlink access zone 612 includes OFDM
symbols & through £+10, and optional transparent zone 614 includes OFDM symbols
k+11 through A+17. The base station may transmit a preamble, an FCH, a DL-MAP, a
UL-MAP, a relay MAP (R-MAP), and downlink bursts in downlink access zone 612,
e.g., in similar manner as described above for FIG. 2. The R-MAP may carry an R-
MAP message that may convey the detailed allocation for the relay station in optional
transparent zone 614. The base station may or may not transmit during optional
transparent zone 614.

[0046]

downlink access zone 622 and an optional transparent zone 624 that are time-aligned

For frame 620, the downlink subframe may also be partitioned into a

with downlink access zone 612 and optional transparent zone 614 of frame 610.



nmessage that may convey the detailed allocation for
the relay station in optional transparent zone 614.
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access zone 712 and a downlink relay zone 714. Each zone may include any number of
OFDM symbols, which may be configurable and determined by the base station. The
base station may transmit a preamble, an FCH, a DL-MAP, a UL-MAP, and downlink
bursts in downlink access zone 712 directly to subscriber stations. The base station may
transmit a relay FCH (R-FCH), an R-MAP, and downlink bursts in downlink relay zone
714 to the relay station.

[0050] For frame 720, the downlink subframe may also be partitioned into a
downlink access zone 722 and a downlink relay zone 724 that are time-aligned with
downlink access zone 712 and downlink relay zone 714 of frame 710. The relay station
may receive the R-FCH, R-MAP, and downlink bursts from the base station during
downlink relay zone 724. The relay station may transmit a preamble, an FCH, a DL-



base station may transmt a preanble, an FCH a
DL- MAP, a UL- MAP, and downlink bursts in downlink
wW@ewedssszbne 712 directly to subscriber stati oPST/UI1068/057125
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[0054] For frame 820, the downlink subframe may be partitioned into a downlink
access zone 822 and downlink relay zones 824 and 826. Downlink access zone 822 and
downlink relay zone 824 are time-aligned with downlink access zone 812 of frame 810.
Downlink relay zone 826 is time-aligned with downlink relay zone 816 of frame 810.
The first relay station may receive the R-FCH, the R-MAP, and the downlink bursts
from the base station during downlink relay zone 826. The first relay station may
transmit a preamble, an FCH, a DL-MAP, a UL-MAP, and downlink bursts for some of
the data received from the base station to subscriber stations in downlink access zone
822 of the next frame. The data sent by the first relay station in downlink access zone

822 may be for subscriber stations that do not need the second relay station. The first



The base station may transmt an R-FCH, an R-MAP, and
downl i nk bursts in dowlink relay zone 816 to the
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another frane structure for three hops in
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a, base station 1ddl e.of FIG 9.sho :
?ﬂ(grgeog?di 1“55 '?I% P%#r g?@imaésﬂ?e pﬁ‘ﬁﬁloflﬁ‘g "g%? ?%WPa% access
Ffe 92 stiodsw@idk R Habs 9,@4 aid 926.0Mthe IRbEdt]aSt dticdNmay receive
5@057] The downl i nk subframe of frame 910 may be
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bl s Sl B RG" 6. *Bs Goscr bed
pi9ssE f dor ZenesoRY Zhadewslitk subframe may be partitioned into a downlink
access zone 932 and downlink relay zones 934 and 936. The second relay station may
receive data from the first relay station in downlink relay zone 934. The second relay
station may transmit a preamble, an FCH, a DL-MAP, a UL-MAP, and downlink bursts
for the data received from the first relay station to subscriber stations in zones 932 and
936 of the next frame.
[0059] FIGS. 8 and 9 show two frame structures that support three hops via two
relay stations. For these frame structures, there is a delay of one frame for the data
retransmitted by the first relay station, and a delay of one frame for the data

retransmitted by the second relay station. More than two hops may be supported with

other frame structures. More than three hops may also be supported, e.g., with more
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Sk RSSO oL o o

Pmmpm tFIG. 90GROs Ris¢Rinet for BaskoMiftfiol ReMnsitflot @N2-hdpeelay. Base
i rst E)I lot allows the relay station to recover the

gatien f Fbmayhisangpdtt dasnand peet ntelaphgatiane b o4 Bt downlink access
r{og\ﬁ EIP éogﬁgpsft dd IE%;] OLorteO7 £ §f f Ff(ﬁ I7h gse statl%n 110 may

ransn1 ata relfay s 1 on.
ﬁm‘hnﬁepﬂmdlsmg mySthtay pk:let foranas shbivedn IFIGE hg, 4sa1mﬂas @i using some

gtlhfellrc Sﬁo%nfgrmnﬁr%gf trhse dogv% 1%121 %Iups S soe?lt Yoarrella?lus?atfo%cbo Since the data and
pilot in these downlink bursts are intended for relay station 120 and not for subscriber
station 130, the pilot may be transmitted using a pilot format that is not supported by
subscriber station 130.

[0063] Relay station 120 may retransmit the data and may transmit pilot to
subscriber station 130, e.g., in optional transparent zone 624 in FIG. 6 or downlink
access zone 722 in FIG. 7. Relay station 120 may transmit pilot using a pilot format
supported by subscriber station 130, e.g., using the pilot format shown in FIG. 3,4 or 5
depending on whether the data is retransmitted using FUSC, PUSC, or band AMC,

respectively. This allows subscriber station 130 to receive the retransmitted data and



such as the nunber of hops between a base station and
a subscriber station, the order of the relay station

w0 pooshesseul ti hop relay, etc. Each pil ot nmay bePCT/US2008/057125
transmtted in accordance with a pilot format that
i ndi cates how the pilot is to4be transmtted. A pilot
format may al so be referred to as a pilot structure, a
pilot schenme, etc. [0062] FIG 10 shows a schene for
transmtting data and pilot in 2-hop relay. Base
BHleftiiasm relapstaEgn {3 indhe paramanagid@s pi the datagnd giilgt were transmitted
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are intended for relay Station 120 and not
8UbscFlGhet ostlawvilomk 1163@ zcbthae%ﬁ InoFIGredy Besdt statnmml tQ ewy transmit

BTty Fiodry et o eLa0R SO TRET APt S PBITIL 2 iy and may

fretshan bt td tﬂ&aﬁ%&a@mﬁnﬁZWg t E@@%Whhn]@'rkl%r Zofe 824 in FIG. 8 or
subscriber station 130, e. in OEtI onal ~transpar ent

dowmeligoglayrront €24 81 BiG. d’ovﬁﬁ Bh#atiare gopleo ransmif pieigsing any
120 t r ansm t usi

1(1)0#5@0 A pporatyega on l?% etrans 15?[11% %%TP,%}KP tha§) 5 t?ansrmt pilot to

S exgbdr I@@upnllgn §.0r [fﬁ&oxﬁﬁlﬁwﬂadcess%@e 832 i FIG. Hor downlink access
dependl {I]J% on whether the data is retransmtted using
&5 Br Rplay atafipec 124 sxpdenppdpjlot neinga aﬂ@tofﬁgnat supported

fgyg%g a%ﬁl kgn 130 to receive the retransmtted
ata an flromrelay station 120 in the sane

[oesEer a@ $h‘0\xtnhlﬁ KaiSa 1andd fil| ai upkreemt stativsinietg edbdsy station or a
base station 110.. Subscri per statiaqn 130 does not d

eia &Hé?@yélfan\“fm’éﬁ’ E?totatfg"ﬁ‘éﬁﬁa%ﬁfgaﬁb?tﬁ%?n g @B’rﬁl% ormat. A
{:elrl%’%t%&? fot@king h%i»om%lC thaRrAY p%@hélﬁg 1}?1% fBQQQ"ﬁupPoEted by a

shows a schene for transmtting data and pi
bubs@ilteostatieh ayd inBas ears¢ sirinmer ag 1@ brag stetiems g lagathay atation may

Bt e Fobfes B A udntpie oo B ke R ion was

ﬁansﬁﬁﬁﬁigs Tk ip@l6t thlfe MBYh f@ﬁlﬁﬁé HepRnl&t ouSiHgheR A}talb keRbnt using
format. Relay station 122 may retransnit the data and

HH§Ct PEﬁQni)ltb%ldIMt/lCt o relay stati on 124, e.g., in
ﬂ@n Zl' hrer?d %}/(gfzn i 3§ %@%9&%@1 fb 90%111&1 Jlgtborneril%y be the same

49 1B @ﬂbt sefit bptheUskngatidty fopiBSOSS E@rhﬁﬁmcaﬁ@{ aryrnsj'z ae bﬂHﬁomlzed for
retransmt the data and pay transmt pil

Q@b?@rﬁ){% efonanynicyipn; 3pd  entigely fhrﬁfea%\knfr?mk thee @elgfs f% ﬁbe BS-SS
EtmbuficEi &, 'ﬁhe%ﬂoq gmlb&rbkreﬁ‘&c‘s@eﬁﬁ)n for RS-RS communication may be the

same as the pilot sent by the base station for BS-SS communication or may be
customized for the RS-RS communication and entirely different from the pilot for the
BS-SS communication. The pilot sent by a relay station for RS-SS communication may
be the same as the pilot sent by the base station for BS-SS communication.

[0067] The pilot sent by an upstream station (e.g., a base station or a relay station)
to a downstream relay station may be based on a pilot format determined by over-the-air

negotiation between the two stations. The upstream station or the downstream relay



zone 932 in FIG 9. Relay station 124 may transmt

pilot using a pilot format supported by subscri ber
wGe@Bios27130. [ 0065] As shown in FIGS. 10 and RAT/US2908/057125

upstream station (e.g., a base station or a relay

station) may transmt pilot tg a downstreamrel ay

station using any pilot format™. A relay station for

the last hop may transmt pilot using a pilot format

supported by a subscriber station and in the sane )

praleTe MaysSoH e Bigsel. 8t REIS8Ee. orhwnmaether dfgymafion: ooprnyay a pilot

| the base station would send the

%1 8t&ﬁ%gﬁkgﬁ%§@%'station was transmtting. The pil ot

[0068he Nasiouk@donfoymbie nmigpendedtfoothewtilet ket bgahaupssream station
resent using FUSC, PUSC . or . band AMC, [0066] The pilo i
g)efi?fi dgymstresay eelat sfptiof 1l Pifed ey @% HloAl 2k SeBhoRR{o bearriers
HREiIR AR B &ﬁkesyfg{elnpﬁalﬁﬁﬂathbyfﬂe[}ﬁlop %‘? 3Pbd RRall Hd sent on pilot
BS-SS communi cat’ion or may be custom zed for the BS-RS
subeamneisc disirdntainacresst i rppirtyord of ftier eyrterh rimmdwirkh.pi Laxtal pilot may
for the BS-SS con¥uq%%€h%on. The pilot sent by a relay
YPROTL TP IR Y RAISRST EBRI M on may be the same as the

W069f SeMte MimBhdfPASE siicatricBNaddthe BScapon I Ril6AS bR iers in
be custom zed for the RS-RS conmmuni cati on and

or ma
savhi QEDYI apmbek avy 1o seivaterb (piprotds gpod herfesiages. The upstream
conmuni cation. The pil ot sent by, a rela tation for
SRR R nstf G Rl e ot oSt BB S pence,
Byl pelobamearsic At o b QUffiBRnSO LB RLE@bEGErMaAN0O6The number of
The pilot sent by an upstreamstation (e.g., a base
BilQftsuberrgers and giegdpcaiiontaf §hp PHQs subQHIS May s sfadicggross all OFDM
. ‘ | . y
Shhd PP TEY o AR RN B OEDIUER| BFOPDM BAfbIY,
(0950} earm sinat designpithd testidemngitiomamay eseay sifatrationnimdicative of a

send_a signal, a nessage,. or sone other information to
Rty Eymat _%mnat uRgr fokt OF Pl SRBIO the domngiroant 0] station.  The
YA @RIkl tstahiBh TRy SthERYeBR e 16t 3h alddddbl QhithSB8Obilot format

by the upstifeam station to the downstreamrelay
sdaatedrby thihepyichotstatmy. he aggdtbdralesignoths epstream spatlontmay send data

S 55h) RN, B RN R i

St Tl edeSerfligd fHebpildR doRkdt AiSeBoR Ahd @Rsndiksibh enciléStsedfor the
bandw dt h. Local pilot may support frequency reuse of

g¢teat er than one. [0069] The nunber of pil ot
R S B R e e
pefidryrmanae: thE fglov prtiveafiom an upstream station (e.g., a relay station or a
base station) to perform channel estimation and obtain a channel estimate. The
downstream station may use the channel estimate to perform detection/decoding of data
received from the upstream station. The downstream station may also obtain channel
information based on the pilot. The channel information may comprise a carrier-to-
interference-and-noise ratio (CINR), a modulation coding set (MCS), a channel quality
indicator (CQI), etc. The channel information may be used by the upstream station or
the downstream station for rate selection to select a rate for data transmission from the
upstream station to the downstream station.

[0072] FIG. 12 shows a design of a process 1200 performed by a relay station to

support multihop relay. The relay station may receive data and a first pilot from a first



station and the downstreamrel ay station may observe
good channel conditions. Hence, fewer pil ot

w@msarseers may be sufficient to achi eve goodPCT/US2008/057125

performance. The nunber of pilot subcarriers and the

| ocation of the pilot subcarri'()ers may be static across

all OFDM synbol s or may change dynam cally from OFDM

synbol to OFDM synbol. [0070] In one design, the

upstream station may send information indicative of a

prtion (tlesknek! 2b eThfgrei@eﬂath@rm% gerpic) aoghagpeltestipatepased on the first
r ' e I . |
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estimati on and obtain a channel estinmate. The

H97BEt r damrdanstpivon RInUde. 1 Hbe Einiadpn exyibegtbase gation, and the

erform.det ect,i on/ decadi ng..of ta receji.ve r the, ..
BEebP SREREF i ARG Bl IR UAFRRIFL; ATt Son may

bbh dhst Gdrwanend ihafsecortstionasest avtiidreclpy k@tion. TH6r relay station
channel information may conprise a )
&4t rthe furstostafiasy may discaiothes dolapissaiopgand thecsqeryd sgtion may be a

Igﬂ%gyljl@etr 's&'ﬁz)%%q?? irst @hd % x 21 ’staﬁoﬁ{ﬁllgg ?iso q)%efflpktrré/am andb(éownstream

ndr cat or etc. channe or matron may
ted@cktdtjonk hrespepstalgam st ati on or the downstream stati on

| 24L 0 RBaiot By bt ot s GeaIcb G Hdhdn at least one OFDM
vt eam&tieh bPthe dt WiRIndPifBt sdcafitQWRayPHAESESNINGS bfked on a

process 1200 perforned by a relay station to support

paldtt formog foethaypiloThén ped dgsimt, dhid whyndationsoey vascattle frstl pilot in
a first pilot.fra firststation, (block 12 . The :
PosbiyPis Rt Grmnbg adormtl 54T bibnsnet BTt Rt Ofgmes win
tdeend 1St fopmhtOthal B RFkreA2fdh 8o dirstBiilot ReapPeld @hdther design, the
detection for the data received fromthe first station

rdayedatomn mpe reskiviailed fless pilatineacegdarde wigh g pilotTieemptednglymay send

tati .re he. . i qt .t
B3RO o RSl D AN RO GO mone
det@i, iee etgnstedion mho readiveofiofr thmfirftestaRmontbrabadn ditlicative of a
with the channe] information being derived by.t

B! OioEMat Forithe fesRilptont ienkslayesiatien piay gy 6%*{5@2 Ayt pilot in
I8 rdafbaWith il f)l{l)& format. In one design, the relay station may receive from the
first station information indicative of a pilot format for the second pilot. The relay
station may then send the second pilot in accordance with the pilot format.

[0075] In one design, the relay station may resend the data in accordance with a
transmission mode selected from among multiple transmission modes (e.g., FUSC,
PUSC, and band AMC). Each transmission mode may be associated with a different

pilot format. The relay station may send the second pilot in accordance with the pilot

format associated with the selected transmission mode.



may forward the channel information to the first
station and/or may select a rate for data transm ssion
wao o008hessgecond stati on based on the channel i nPOY/D81009057125

(bl ock 1222). [0073] For relay station 120 in FIG 1,

the first station may be a b station, and the

second station may be a subscriber station. For relay
station 122, the first station may be a base station,

and the second station mag be another relay station,

K976} el HICstldishons 22lasich Rban pprratyy A3 (Gier reppopeng multihop relay.
5 : .
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stefi@y te tlat suscrity steoai (bdodkr o4 2X)heTlid swiscabat station may perform

information indicative of a pilot. format for the
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0075] In one design, the relay station may resend the
tatiae inforsamndadicegiwi dffa malot fanshiteni tba bawdeatel doteether design
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AAIRQAGV@b e pNétifbrndat Gioid Ble@Blhy Riatieh. BT HesidMiethe8liBi¢riber station
station may send the second pilot in accordance with

map refieivstthe pHetefirora deoralant sefion infpcerdanss|velgh g pilot format. In one
S . SSi. 0 Bl G a_desi f
S50 TS SuTe; 0015l Pt iR gl Bt s,

Aaitadr Weatibd Gyl rective esformaisy dfcatiecef ¥itngsrdRtian ansticaselected
first pilot froma first station (nodule 1312), .neans ,
frem getangi AYtple nEelssdy imedes pudbragh FHpYifsiany mode being

oS 3L T TR T 10 e e
pilot from the relay station in accordance with the pilot format associated with the
selected transmission mode.

[0079] For block 1414, the subscriber station may derive a channel estimate based
on the pilot received from the relay station. The subscriber station may then perform
detection for the data received from the relay station based on the channel estimate. The

subscriber station may also determine channel information based on the pilot (block

1416) and may send the channel information to the relay station (block 1418).



on the channel estimate (nodule 1316), neans for
resendi ng the data and sending a second pilot to a
w@e@enessst ati on (nodul e 1318), neans for recei RCNYS2008/057125
channel information fromthe second station (nodul e
1320), and neans for forvvardi{gg t he channel
information to the first station and/or selecting a
rate for data transm ssion to the second station based
on the channel information gmndul e 1322) [0077] FIG
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Smblbﬁfon&h@%d)ﬂ)n may receive the pilot fromthe
relay station in accordance with the pil ot forrmt In

tW82besifigh daiy. myckygpthe agscapiiosy almehwt Ak deta drpasmission on the
AT RS H ANGRAL G RN {Boadﬁﬁ)scﬁ&? s FIQ& Gld RRTor St QR fons. The

recel ve |nforrrat|on I ndicative o transm ssi on no
seheqiadicterdrd mhgmaylatso pleaistd ﬁmslmwmnmmsmdm,thwplhﬂ( from a
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steli@ct &drdaanRips smaynrenmde thqd 0@a9indrbe flybtopikot Hfacg, th¢ lvebscriber
bscri ber sta ve a ]ghannel 1ftl mat e

ST PRl B e Ra TR oG E RS BRSO RES sation

SR BESd NRionSt Thd KToRBYilbh@RY BRIEA M M6t BEhAORppSed BE the relay
data received fromthe relay station based on the

Sﬁh‘faﬁh@ld the rdciniend statige. subscr | ber station may al so
ﬁ@?gL K 'ig rlﬂgws a %ﬁoc’k@g{r% Sd%giéﬁ e F% s‘?a{t{ogtl 10, relay station

and nhay sen ann ornmation'to
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design of an a parat us 1500 for receiving data with

hed G faseiyey datayfo Alﬂﬁalﬁlaﬁtrbﬁéa@@o@ 0 31t pifeis Sthseler fsgptions, processes
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Transmit processor 1610 also processes overhead information (e.g., MAP messages)
and pilot to obtain overhead symbols and pilot symbols, respectively. Transmit
processor 1610 further processes the data, overhead, and pilot symbols (e.g., for
OFDM) and provides output chips. A transmitter (TMTR) 1612 conditions (e.g.,
converts to analog, amplifies, filters, and frequency upconverts) the output chips and
generates a downlink signal, which is transmitted via an antenna 1614,

[0084] At relay station 120, an antenna 1634 receives the downlink signal from base
station 110 and provides a received signal to a receiver (RCVR) 1636. Receiver 1636



relay station, wth the data being sent froma base
station to a subscriber station and resent by the
wo edoagr1sseat i on, and the pil ot being sent direckPdCTUS20081057125
the relay station to the subscriber station (nodule
1512), neans for perform ng dgfection for the data
received fromthe relay stationh based on the pil ot
(rmodul e 1514), nmeans for determ ni ng channel
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I1"{an§rm rprocgeaéj mtallég(r) ! r&lge% é)ﬁg!cltegs%eﬁf regén ts%rﬁ ald%) ggﬁosr SFDM) to generate

s@ponchipy. | AtirahOmARO1 BT colitddhsshabutdt eHipLardagderates a downlink
station. The second %il ot may be sent in any format

p%grtaédfvlayh tsrieanp@ftieg vaa ategne 1944 t he reci pi ent
gﬁ)@g]g JS%Q&SH'Z)GIF Lo B30 g{% hj‘ﬂkqgl%%l gfgﬁglg_fgcgjn %lay?‘ station 120 is

ase station 11 y sta
sigbised |blyeatn ahahna)rmi(:BOcdnkilti%InGi b aAbc@mel@Qatand)rprdde@sed by a

a transmt pr ssor 1610 receives data for. su
BCSHE BROEET ACE R FsPY Qe SRt one D IF ﬁétat‘ﬁfl&g@ 5ownhnk

£1§neq frorf BEQA&Stion Neet|BRVRSeiva el TREM A1 D) c&ﬂﬁ’[i(‘}iéﬂ%y receiver

and generates data synbols. Transmt processor
86 ¥0 apd pressed bpvearchegdodensosrl bt tqm:cQ‘@r g)v¢rhMﬁPsent by base station

DT BT Hrdh e e PeferEniemt fens Shapieic B Bl and pilot to

§dﬁﬂt(ﬁ§ﬂleﬂiﬂﬁlﬁsa$@§)rddé§sedadyaa tIAMGHIR %@&es@)BQ@B la@l condltloned by a
synbaols (e.g., for OF and provi des output chips.

ARSIy e k0S8 t(Q wmte a6 wplidonighali whish (sdragsmiteadrive mtgmtaol 650.
ﬁﬁ’%kgu £ put I%]tatlogﬁs %%éj récglﬁzer a{lc?ggoce% nﬁ{ﬁl&pﬁgﬁ\f Hd )subscrlber
whiieh 186 tb rragwset ltlieedatwa&hd&ﬁ\g@mlhg naat BP ke subscriber station. Relay
station 120 processes the data, signaling, and pilot to generate an uplink relay signal,
which is transmitted to base station 110. At base station 110, the uplink relay signal
from relay station 120 is received by antenna 1614, conditioned by a receiver 1616, and
processed by a receive processor 1618 to recover the data and signaling sent by relay
station 120.

[0087] Controllers/processors 1620, 1640 and 1660 direct the operation of various
units within base station 110, relay station 120, and subscriber station 130, respectively.
Controller/processor 1640 may perform or direct process 1200 in FIG. 12 and/or other

processes for the techniques described herein. Controller/processor 1660 may perform

or direct process 1400 in FIG. 14 and/or other processes for the techniques described



[0084] At relay station 120, an antenna 1634 receives

t he downlink signal from base station 110 and provides
w@2008aei89ed signal to a receiver (RCVR) 1636. ReDER2008/057125

1636conditions (e.g., filters, anplifies, frequency

downconverts, and digitizes) $pe recei ved signal and

provi des sanples. A receive processor 1638 processes

the sanples (e.g., for OFDM to obtain received

synbol s, processes received pilot synbols to obtain a

b‘ﬁﬁlrﬁln SMemeripyheR, 1642 apdd po} ﬁgred@qt@@mi BWW codes fon s station
timte t
og(% ?el@ﬂggt ﬁ(\ﬁ? ﬂ?ggd Wﬁﬂ)&&e Wiib i 156]% %J%ess (1323|8mi eto

aln ed sy celve pr
f(lﬂll88]‘|er 'lﬁreoaﬂﬁil&ﬁﬁs (escgbed lkeaindudyatiesisnpl eeémiéEly eaions means. For
and des) the detected synbol recover the da a
p?& ?ﬁéaracf}rmw A %%@ﬁ@%g b%gérdg\taaq -iTGAWM Y Sofware, or a

%&ﬁ‘ﬂﬁ%&n RIROES SRSy éﬁl%%v@arre%gg:%nuﬁ%nd ﬁ{eaglro@&%in\éeﬁlmts used to

rom base station 110, overh formatio and “pi |
pofgentheatehmiatea, myy be mmpktmeated ithiotonsyorbmb, application specific

SR I B BR85Sl Bl eagiprocessie
Wl&lﬁit(Dﬁ‘SPmﬁ préyrhmAAS Y lbgi%rdellf%@@(m‘@ ﬁél@"iﬁogrﬂﬁnﬁﬁtepgﬂte arrays
kﬁg and generates a downlink Qﬁ; which is

i tp@deswla, amrémhlarswgucromo@ AL rwmwebmrs electronic
tation,130 nk [ n rela
a%Vl%GS ﬂthfﬁ Slec{ror}lgcuél\{@e mgnecF er%oetﬂrh gheléglﬁ{nons de ¥r1bed herein, a

canplittd, ongdoyinatisreeicser 1652, and processed by a
recei ve processor 1654 to recover the data resent by

HOBR), stheri pAirmpere TREOHSARPRIK N8plgHantation nihp sfgehniques may be
ﬁﬁoﬁgﬁgﬁe& év%ﬂt%o@é e% vg?&%g@g bﬁ(m %%”%d&ﬁ?ob nstructions, ctc.) that

tion processed by receive
pﬂfrfm’ﬁﬁsthe ﬁirﬁ:ﬁén:t descabad/ herermv e]nhmdrafk ea’lty ckmynmm@rocessor-readable

tion 11 tra arent gnal
3 miapg Wewn}thq 0,5.P PG g # tlffe used in
H]%lblﬁgntﬁfge tHer %ﬁ&ﬁﬁ& Qé’scﬁb&{ AR U RIOCLIHA, %QSMQG and/or

conditioned by a transmtter 1658 to generate an
srgtwark cedagmay be sihicdhn ngnamamserit, trechory d62Zhtléfhar 18B0n FIG. 16)

U PRk GRAP RO deibe Bricgee: L6k e B56FER The oy may be

irhyeleahtad aehis HgNplocfgos 8NtxtBnal RetheURsedskdrer TR ﬁhh@/ﬁre and/or
Rel ay station 120 processes the data, signal

n
pifiverre tced@ arer ase barstarpd iimi Q%mmlyeréqr@q@afpor-rmabl% lingdlurn such as

‘{ g&% cEéS n??SI ) a?eta:d YRl 1&‘8?%?’ g%@]?/ﬁ ni\%ﬂ&rle Mh%bm access

RADIY @NVRAMW Eogamhibl r@drtﬁhllﬁ inCuesty k(?R@M)@ @ecwﬂfally crasable
rocessed by a receiv rocessor

1616, and
PEOSY B P RBM e ERASHomemariaiongy disky capicbriag (6bafigiel versail

4RO (DVD), magnetic or optical data storage device, etc. The code may be executable
by one or more computers/processors and may cause the computer/processor(s) to
perform certain aspects of the functionality described herein.

[0090] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of

the disclosure. Thus, the disclosure is not intended to be limited to the examples and



[0087] Controllers/processors 1620, 1640 and 1660

direct the operation of various units wthin base
wee@silois27110, relay station 120, and subscri bePCHUS1008057125

130, respectively. Controller/processor 1640 may

performor direct process 1200 in FIG 12 and/or other

processes for the techni ques ‘descri bed herein.

Control l er/ processor 1660 may perform or direct

process 1400 in FIG 14 and/or other processes for the .

fesigii dpsesbedeleeinplatHerteiby. aqvprdse ithe Widesp scapqoongisépnt with the
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respectively. [0088] The techni ques described herein
may be inpl enent ed by varjous neans. For exanpl e,
{(Wééb té&rﬁ‘ﬁﬁﬁ%§wgg Iisﬁ"p| enented in hardware,
firmvare, software, or a conbination thereof. For a
har dware i npl enentation, the processing units used to
performthe techni ques may be inplenented within one
or nore application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), progranmable |ogic
devices (PLDs), field programmabl e gate arrays
(FPGAs), processors, controllers, mcro-controllers,

m croprocessors, electronic devices, other electronic
units designed to performthe functions described
herein, a conputer, or a conbination thereof. [0089]
For a firmvare and/or software inplenentation, the
techni ques may be inplenmented with code (e.g.,
procedures, functions, nodules, instructions, etc.)
that perforns the functions described herein. In
general, any conputer/processor-readabl e nmedi um
tangi bl y enbodyi ng firmvare and/ or software code may
be used in inplenenting the techniques descri bed
herein. For exanple, the firmvare and/ or software code
may be stored in a nenory (e.g., nenory 1622, 1642 or
1662 in FIG 16) and executed by a processor (e.gqg.
processor 1620, 1640 or 1660). The nmenory nmay be

i npl emented within the processor or external to the
processor. The firmwvare and/ or software code nay al so
be stored in a conputer/processor-readabl e medi um such
as random access nenory (RAM, read-only nenory (ROM,
non-vol atil e random access nenory (NVRAM,
progranmabl e read-only nenory (PROV), electrically
erasabl e PROM (EEPROM), FLASH nenory, floppy di sk,
conpact disc (CD), digital versatile disc (DVD),
magneti c or optical data storage device, etc. The code
may be execut abl e



by one or nore conputers/processors and nay cause the
conput er/ processor(s) to performcertain aspects of
wao b@sfitgset i onal ity described herein. [0090] TheCT/US2008/057125
previ ous description of the disclosure is provided to
enabl e any person skilled in the art to make or use
the disclosure. Various nodifications to the
di scl osure will be readil y~ap t to those skilled
in the art, and the generigj I pl es defined herein
may be applied to other variations w thout departing
fromthe spirit or scope of the disclosure. Thus, the
di scl bsur eAnsippantus hivrewide dsstcompeuni¢ation cepmpisirge

exanp| e nddesi gns _desecrib herein but is to b

rocor Heme B ur beSsorc R HeRd o St ofl g, B Bfor from o fir
RAdidE iaRd BSresdid thOUSh ah &R 48 S seliohal s e Neeeddstatidd9dd

WHAT IS CLAIMED | S: CLAIMS 1. An apparatus for wrel ess
conmmuaimeatary aRoundeshiorthe ptgast gee progessolone processor
configured to receive data and a first pilot froma

first station, and to resend the data and to send a

second. pi | Dhe bpparataeodldins tiatvhertin aauth ¢f the fdstyand Gugdnddpilots is
to the at | east one processor. 2. The apparatus of .

290 Pt leasias aflot Sélgeametf ingaf eapt gngtOEINY sygibgh gviph fostion of the at
' : : : b ' in at | east

SR BBy BhuTeAin R AR RLOPEPASIEEL | .31 one

pil ot subcarrier being determ ned by a pilot format.

3. The a atus of claim.l, wherein the at. | east one )
o ocessor 85 Ry 8f ST de el PTG iof sietsh; P Miopessor s

ganggeitdhii ikt Sitot Bh h&dordRcaBlith ANckt HbRoSRRMat BEd to send
second pilot in accordance with a second pilot fornat

thicfseegnalnpildt ip preanéance veth pis¢aond fpolotrirman diffnent from the first pilot

ﬁﬁg&{atus of claim1, wherein the at |east one

processor is configured to receive the first pilot in

accordance with a pilot format, and to send the second

pilot in accordance with the pilot format used for the )

first4pil ofhe :PpFREISaEHF IS, oWherel; fhel at wisait e theeessor is
t : i ' . . ' f

iR oYY BRARPRIOTp AR ARl & P Brke, T send he

$aeondpildtan atdoeddnice stithphd pilot feumeht uged o€ EicviErst it f i r st

pilot in accordance with the pilot format. 6. The

apparatus of claim1l1, wherein the at |east one

procesgsor irfe ‘;%{ﬂﬁﬂaﬁiér 68 48nf acelM&efn AW tdhelchdt’ Ste processor is
station infor lon indicative of a pilot format for
configured to receive from the first station information indicative of a pilot format for

the first pilot, and to receive the first pilot in accordance with the pilot format.

6. The apparatus of claim 1, wherein the at least one processor is
configured to receive from the first station information indicative of a pilot format for

the second pilot, and to send the second pilot in accordance with the pilot format.

7. The apparatus of claim 1, wherein the at least one processor is
configured to resend the data in accordance with a transmission mode selected from
among multiple transmission modes, each transmission mode being associated with a
different pilot format, and to send the second pilot in accordance with a pilot format

associated with the selected transmission mode.



the second pilot, and to send the second pilot in

accordance with the pilot format. 7. The apparatus of
w@b@BmB27 wherein the at | east one processor iBCT/US2008/057125

configured to resend the data3 n accordance with a

transm ssi on node sel ected fromanong nultiple

transm ssi on nodes, each transm ssion node being

associated with a different pilot format, and to send

the second pilot in accordance with a pilot format

assocBat edTi¢ tappéraws sefl eletned’,t whersim gei onltmpbe éraBsmifkien modes

appar at of claim7, wherein the. nultipl .

£ 4l Grerohaubelie (5ESEu Tridagaed pF susemicrs PYSO). and

bdrldSfdhptiRahbd@htidsAR oBinggURE@y. ri ers (PUSQ, and band

adaptive nodul ati on and codi ng (AMC). 9. The appar at us

of claiml1l, wherein the at | east one processor is

configured. to derive a.channel estinate based on the .
first 9-pi | oﬁle athd “Sp8ffcg?'lPH Slet ‘gﬁ?ﬁe‘&wtﬂf% ra?t 85t 4@, processor is
EQTFRIuVRIGo fdeatR & BRarinkl &tinBitedbdsedob aeftsioflo A deh pBil&Im detection
estimate. 10. The apparatus of claim1l, wherein the at

fos dlag dasmeccpived Eenohe figst sHPR Gascd @nttee ¢haaashesti@ptgnnel
information fromthe second station, the channe

i nformati on being derived by the second station based

on thed.secohd gpphatys andcliim flor whsdint file: cinaleag| one processor is
information to the first station, 11. The appar at us_of
eanfignrer tuHEFRYS GhRRNet Information nizorgy %eé,%f@flg i fation, the channel

RO ALl 0 dERER ¥ (AAREH YA BRLH A OB pilar, and to
second station, the channel I nformation being derived
forwaitideths elcomdl igfaamiaton tratbe dirvwstatibe second pil ot, and

to select a rate for data transm ssion to the second
station based on the channel information. 12. The

appar af us 9he Cdphiituk, oMN@4iRI N, tRBerbin” $he St AhRNoAS pRocessor is
base station and the second station is a subscriber

eardiguend. td FeccThe chppml amieymation| em the, sedead estafiqnhethat channel

| east ..on rocess i,S confi red to, regei ve the, dat
B0 PR RELy IR RPTHL B ARLDT B Yo Wit to sctee

gewnFirrilsta tBadmistiones etthetdirl Wattoa Lakel ¢roths @Rghnch@formation.
second pilot to the subscriber station via the
downl i nk. 14. The apparatus of claim1, wherein the

first stat *rR%‘ afgﬁaré’&u??@@la% 3t LA ht ﬁ‘1%¥ §t§ﬁ&{‘% a_slbéste' stdtion and
is a relay station. . e’ apparatus of claiml,

thissc@ind statienfis 4 sibsstiladristions a relay station and the

second station is a subscriber station.16. The

apparatus of claiml, wherein the first stationis a

subscyi ber TR¢ afoh@Rtus of claim 12, wherein the at least one processor is
configured to receive the data and the first pilot from the base station via downlink, and

to resend the data and to send the second pilot to the subscriber station via the downlink.

14. The apparatus of claim 1, wherein the first station is a base station and

the second station is a relay station.

15. The apparatus of claim 1, wherein the first station is a relay station and

the second station is a subscriber station.



and the second station is a base station. 17. The

apparatus of claiml, wherein the first stationis a
wG@iesatisber station and the second station i s BCT/ERRYS/057125

station. 18. The apparatus of24l aim 16, wherein the at

| east one processor is configured to receive the data

and the first pilot fromthe subscriber station via

uplin an

o 1ot ot n” BYLERERG: gk FrARERAL Pl 0ol e SEERAEy saiion

fuot theise@ind smtion mauldse atatiom, conpri si ng: receivi ng data

and a first pilot froma first station; and resending

the data and sending a second pilot to a second

statiop. 29ne IhrdrBd Bpéiaﬁ’[{ 1ChAEInlfe MIRERIOR if I:i'%ubscmbelr station

receiving the first pilot conprises receiving the

ind e sgiondistatign wca:@iac}'amt@nvm th a first pilot format,

and wherein the sending the second pil ot conprises

sendi ng the second pilot in accordance with a second

pi | ot 1§.0r mahe diphh@EBNLS folam the wWhekdh At | At [h&r BBE -processor is
21. The nethod of claim 19, wherein the recei ving the

soryfiguradi togecdvhibei tﬂsandet@e ifigstriglot Fent the subysiipet statipn via uplink,
Q&f:tgrrgs%ﬂ? ?hemﬂattbal?d tBI ﬁ% %he %E&%‘ﬂ pll%P% tﬂ@ ggs% patt]hﬁ Qia the ughnk.
sendi ng the se npri'ses sending the secon

pilot in accordance Mﬁth the pilot format used for the
first pilot. E g) thod of c¢laim 19, wherein the
resending ftirectaed oraviee %Séﬁalinﬁ@mt%eoeéeawawﬁgl ot

COMDI | 36;v| @S&@Aﬂaga ﬁﬁ? 1‘[’&tfﬁ)n'1 8 8% %&Elgﬁ‘%ﬁ wth a

transm ssi node sel e fromanong nultiple

tr ansms&gilwthﬁmld‘esandeatmng a sevomil pgotan arsochmdbtiog.
associated with a different pilot format, and sendi ng
the second pilot in accordance with a pilot format

assocp@t edThé hittHdacors@linc i € dvAdr&NSAR ?&b%g’%@%@t%lld‘l\@ompnses
appar atus for wireless comuni cati on, conprising

reseivengf tbe ﬁrrfé@elpmnn@cehaitaaceawdh a ffrstrmtot Forst, a‘ndo’vh@aeln the sending
st st t he data

d
Ihg ﬁgc%néi Igﬁost somp dw%s 8 ?mtg egrs%cgcé ,PQ { %ccgrdan(ée4W1t$haesecond pilot

appar diffatendfrofl Bé Mrs? ilomdahal N the neans for receiving
the first pilot conprises neans for receiving the
first pilot in accordance with a first pilot format,

and The method of claim 19, wherein the receiving the first pilot comprises

receiving the first pilot in accordance with a pilot format, and wherein the sending the
second pilot comprises sending the second pilot in accordance with the pilot format

used for the first pilot.

22. The method of claim 19, wherein the resending the data and sending the
second pilot comprise

resending the data in accordance with a transmission mode selected from among
multiple transmission modes, each transmission mode being associated with a different
pilot format, and

sending the second pilot in accordance with a pilot format associated with the

selected transmission mode.



wherein the nmeans for sending the second pil ot
conpri ses neans for sending the second pilot in

waemendwere with a second pilot format differeP€T/U8908/057125

the first pilot format. 25. Tie apparatus of claim 23,
wherein the means for receiving the first pil ot

conpri ses means for receiving the first pilot in

accor gancepy ahgal‘atug IebQbird1 §s%hnmﬂ{‘&tﬂ6rﬁ elofih ﬁr%e means
for sending t second pi ot conpri ses’ ne

sendi nganshfer seciong quitd atd 4 ﬁrsapldrﬂrfdmméirsmtahon hendpi | ot
format use for he flrst 26. A cq ut er
pr ogr MY am%?n aﬁl@ ”&%ﬁﬁ%ﬂ"&? Pilgbigarseeend station.

medi um conpri si ng: code for causing at |east one

conputer to receive data and a first pilot froma

first24t at Thaapranducoiddaiin?3, oghesdin ghetmeanatforl rgegivingrlee first pilot

r to resend.th ta .and send, a sec ilot to
SRk bl [ 3R el B iR i BB SAR T LR it and
G/'héﬂe[ﬁ 86 mashefRisbndife the RBFHAG 1o astapHigs medh for fseidiiethe second

nprises: code for cau3|n%Pthe at |l east one computer

léotrle aeqopdaneq withjarsgeong pilot Tormapdidlsrana iom e fist Rilpt fosmat.
pilot format; and code for causing the at |east one
conmputer to send the second pilot in accordance with a
seconds.pi | Ohe hgranmis off dldiar 23)twHck@mtlichacdns rfsit reﬁd:lbmg the first pilot
format. 28. The conput rogr.am product of aim 2
GRHBRTECH TRI7ES COMFRIER T oISk DI FRCPTRER w@lowlps at, and

t
9/991%11‘1( @k r&%ﬁ% fo{?gierﬁ]d?ggcﬂlte s%&ﬁ‘r%l ifdp %rﬁ@%%%fan% for s@&ﬁﬁé’ ﬁle second

the first pi cordanc or mat
amdamdexﬂwmwcamsnh@pﬂmebmmuMea@®rdmdhdqnbmter to send
the second pilot in accordance with the pilot format
used for the first pilot. 29. An apparatus for

wirel ess CRUMpuERprRam pRoRIct, SbRGrisiag: | east one
processor conflgured O receive data and pilot froma

relayasmﬁpv®nﬁw/ﬁ@edmﬂEMbenn@ﬂE@ﬁt fron1a base station

to a subscriper stat ? .
Station, - RCprr St R PR MRt Al ke pat gyt pilo
ﬁbﬁadﬁmtyamnhan@ubscrlber station, and to perform

detection for the data received fromthe relay station
based on t e pfpr grusingfhe at least one computer to resend the data and send a

second pilot to a second station.

27. The computer program product of claim 26, wherein the computer-
readable medium further comprises:
code for causing the at least one computer to receive the first pilot in
accordance with a first pilot format; and
code for causing the at least one computer to send the second pilot in

accordance with a second pilot format different from the first pilot format.

28. The computer program product of claim 26, wherein the computer-
readable medium further comprises:
code for causing the at least one computer to receive the first pilot in

accordance with a pilot format; and



a menory coupled to the at | east one processor. 30.
The apparatus of claim?29, wherein the at |east one

wpe@saesser is configured to receive informati oPCT/US2008/057125

indicative of a pilot format Id om the base station

and to receive the pilot fromthe relay station in
accordance with the pilot format. 31. The apparatus of
claim 29, WhRrefRabfif e 4GB ABORLARESS Ynd Fhe sccond pilot in
configured to receive information I ndicative
pichatantowith thd pitinfernet nelddpr dedirstgmlot.and to r ecer ve

the pilot fromthe relay station in accordance with

the pilot format. 32. The apparatus of claim 29,

wher eb t & nahphi8RS o8l B ReRRRRicdidn COMrBiged to

receive |nfornat|on I ndi cative of a transm ssion node

sel ectteldadt roumpacm@sﬁg)r rmmﬁlglptcbtq reasiseridgti and pﬁ@dé‘@m @a@lhy station,

ra Ssion
{ertBEb R S TR atiisr Qg 08 Bt Ve EEH] wy the relay
sthgdr, @t pilotaeERr angiecolly Fdr thd 1@[ atRBS0 GhAfiddcri¥el Rtation, and
the sel ected transm ssi on node. The appar at us of

ol pertermgletoghien &rhe daga éﬂcem@&pmoth@ r?laso&t@ts@blrasr:@ on the pilot; and
confrQﬁgggngggﬂ)&F&qhggjﬁgggﬁgﬁ ggnatlon based on

t he send t |nfornat|on to the
relay station. 34. A nethod for mrreless

comunj cat j on, i's .. receiving data apd pil ot i
from a0 el &Y sﬁpaﬁngﬁ f h’g“’él‘alz% BeicFgn tgﬁtatf Pear»ﬁ angguecessor is
eI g/ﬂ&l tBQG@elvseullﬂﬁﬁﬁfaﬁ uﬁitrc%h'vé’ Bf Qﬁﬁotr @AM ¥ thd'ase statlon and

station, the pi bei ng se directly fromt
toedeaqlvsthatpulonfrbm thehelasamamm iheccedalck enth tha m:brﬂrfbnnan n g
detection for the data received fromthe relay station
based on the pilot. 35. The nmethod of claim 34,

further cofpgisphR@iusl 6€QUNMMNA9] MWHRFIR thONatl RALCBAL YRocessor is
of a pilot fornat fromthe base station, and wherein

cm@gueaﬂetp\rq:qq:qu 1hﬁ)r@1|an@1 1nﬁtqamf¢ pka p]éq)tefyrrgqt;ftqr@ the relay station, and
0 rls s re ot fromthe. n
FRELE TS ZHREFRR RO lanth ph R B5ah bR BhbA” o

cIa|n134 further conpr|S|ng recei ving information
indicative of a pilot format fromthe relay station,
and wher ei hhe MPPRBRIST Of fpithad pivhsteit rtoen #thkarte pag processor s

§c%r#{g;u9é?1 ROPRELRCRSRRALY i ﬁ&c%tﬂ% 8{' 0&?Js{n‘?§5}c}nhﬁlord§'s%}’ected from
on I h accordance wt the pilot ormat.

among multiple transmission modes, each transmission mode being associated with a
different pilot format, and to receive the pilot from the relay station in accordance a

pilot format associated with the selected transmission mode.

33. The apparatus of claim 29, wherein the at least one processor is
configured to determine channel information based on the pilot, and to send the channel

information to the relay station.

34. A method for wireless communication, comprising:
receiving data and pilot from a relay station, the data being sent from a base
station to a subscriber station and resent by the relay station, the pilot being sent directly

from the relay station to the subscriber station; and



37. The nethod of claim 34, further conprising:
receiving information indicative of a transm ssion

worpee/1s8kect ed from anong mul tiple transnm ssi OPCTHON®E8/057125

each transm ssi on node bei ng Zissociated with a
different pilot format, and wherein the receiving the
pilot fromthe reI ay station conprises receiving the

pi | ot rrf&fﬁlﬁ Bete&t Ett@e% oY ¢ &1@&1 S ang Feldy Riatigh bgsed on the

forma associ ate e se ecte transm ssi on
pilot.

35.  The method of claim 34, further comprising:
receiving information indicative of a pilot format from the base station, and
wherein the receiving the pilot from the relay station comprises receiving the

pilot from the relay station in accordance with the pilot format.

36.  The method of claim 34, further comprising:
receiving information indicative of a pilot format from the relay station, and
wherein the receiving the pilot from the relay station comprises receiving the

pilot from the relay station in accordance with the pilot format.

37.  The method of claim 34, further comprising:

receiving information indicative of a transmission mode selected from among
multiple transmission modes, each transmission mode being associated with a different
pilot format, and

wherein the receiving the pilot from the relay station comprises receiving the
pilot from the relay station in accordance a pilot format associated with the selected

transmission mode.



