SYNCHRONI ZAT| TRANSM SSIONS | N A W RELESS COMMUNI CATI YSTEM

[ 0001] The Brzggéﬁ%s%\ppl ication clainms priority to provi S%@szqg_’ﬂg{mnl
Application Serial No. 60/828,051, entitled "A METHOD AND APPARATUS
FOR P-SCH FOR EUTRA, " filed October 3, 2006, assigned to the assignee
hereof and incorporated herein by reference. BACKGROUND |. Field

[ 0002] The present disclosure relates generally to comunication, and
nore specifically to techniques for supporting cell search in a

wi rel ess conmmuni cation system [|1. Background [ 0003] Wrel ess

comuni cati on systens ar g §ﬁf@bﬁﬁ’“f Se%&ggwﬁgﬁi ous

conmuni cati on services_suc S VOi C€&, Vi , , hessagi ng,
broadcast, etc. These By<k ¥WIREEESHEONMUNICATIONSYSVEMens capabl e

of supporting conmuni cation for nultiple users by sharing the

avai |l abl e system resources. Exanpl es of such nultiple-access systens

i ncl ude Codeddd]vi sTixnpiivkent bippleatecelssny (Clovity teyevBimmal TiSTRApblivitdn@erial
Mul tiple Acces TDVA) systens, Freguency Division Miltiple Access
(FDV oy Moo A3 0t SHUTCE oM IR ALY ARRARARUSS B B-483 rhGR. E-
FDVA ( SC- FIMR A SYAL L 0R1obkPIOAI0R, YisIAES 565 i1 QRN 4ot nd Y herei
i ncl ude many base statfoons Cor NoggﬁBs) thhat uSport cgmrlljgr??ﬂcpé{@%nerem
for many udgmreferpmcgments (UEs). A UE (e.g., a cellular phone) nmay be

wi thin the coverage of zero, one, or nultiple base stations at any
gi ven nmonent. The UE may have just been powered on or nmay have | ost

coverage and thus may not know \M‘Bgt;kqts, Uﬁ)]bons can be received.
The UE may performcell search to detec or “pase stations and to

acquire timng gigqgot her information for the detected base stations.

[0002] The present disclosure relates generally to communication, and more
specifically to techniques for supporting cell search in a wireless communication

system.

II.  Background

[0003] Wireless communication systems are widely deployed to provide various
communication services such as voice, video, packet data, messaging, broadcast, etc.
These systems may be multiple-access systems capable of supporting communication
for 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 wircless communication system may include many base stations (or Node
Bs) that support communication for many user equipments (UEs). A UE (e.g., a cellular
phone) may be within the coverage of zero, one, or multiple base stations at any given
moment. The UE may have just been powered on or may have lost coverage and thus
may not know which base stations can be received. The UE may perform cell scarch to
detect for base stations and to acquire timing and other information for the detected base

stations.



WO 2008/ 042865PCT/ US2007/ 080111 2 [ 0005] Each base station maX send
synchr oni¥aePB4286ansni ssi ons to assist the UEs perfor nFERUBZOFEARUAL
In general, a synchronization transni%sion nay be any transm ssion
that allows a receiver to detect a transmtter and obtain information
such as timng, etc. The synchroni zation transm ssions represent
overhead and should be sent as efficiently as possible. Furthernore,
the synchroni zati on transm ssions should allow the UEs to perform
cell searc quickly and r.obustly as ssi bl.e.  SUMVARY .

60067 Toch ke 1 Ehissh Srlivh frvsind SubRRRBOR (EIUPERORY OciSHEYE AES
i nfor mat i OReMbEn SHIIC Qamh.zatlhogeﬁ&apsaﬂ LROSizA{ d83chistied BRYCLE: any
In an aspect, nmultiple (e.g., two) synchronization transm ssiohs are
sent in a fransmissiph thahelleowna faseivesioalsiacta rensnater andeobaim oifpxmmtivatsiicinas
transm ssions. Inforpmation is conveyed. via the non-equal, di.stanges or
i e i nt or GARAB IS wdBh SEEReOn T RisHio B TPAe O g rd ShEME be i
synchr oni za§ bftidnflns PoSebleN FulfBYmfoRé, RS BRRBronRalbh WaAdmissions should allow
synchroni zati on codes (PSCs) sent on a pri martimsynchronl zation

channel ( PigGHEs torpestomm cotlisearch anmyekly shdmbusisnes passiblere ot her

channel . [0007]1n another aspect, nultiple | evels of non-uniform
spaci ng of the synchroni zation transm ssions may be used to convey
different types of information. In QuMNEAROY, the nmultiple

synchroni zation transm ssions are sent in different subfranes of a
frame, and[eMsh syhahnipeg fdrisappéntiagseil Ssirchn by fBdaitly comyegingfinformation
mul tiple sypbol periods in a respective subfrane. JTwo | evel s of,

non- uni f or A% BACTIGIZHHYN FENSMISSIENs greaflesarpes Eerﬁman%ﬁ% SPRRetSRIGpleytcee-»

Subf rame- | gys) sHbrdRLdBh T SRARNSBY B 361 FuRL Qarmse&fihﬂ%rhm%%ng

synchroni zati'on"transm ssions 1 n non-evenly spaced subfranmes and
be used t o betreenyhd sawekrobmation trynsnBysitiol -Ihormitioo is- convéyedrmis feciangequal

b hieved by sendi hroni zat i i SSj . f
Tl tipl o pdSTSPE O SRt Iicherls ReEv SR 6 S RO A 5P BB SIS g e
conveyed ViggndhiéhiSaisi Manb@MSibn)RRY ebxf(rfb&m)@whﬂay siRdhr& 2 Rodes (PSCs)

mul tiple groups of cell identifiers may be aSsociated with

di fferent s$¢nfisnla panaygsnchaenizatwncherndl (M@ Hi®r aewe giied transpebdionsdent on
fromone of th [ s.. Acell my the send a synchroni zation

transm ssi S%IglFﬁtI%rg@%%S]I‘ period for the group of cell IDs to which

the cell bgoaoTys. Mheanditt angrst, batulgies GeBBEeQft hye udifeeh Stcmat iofn the
transm ssions _nmay al so be used to convey a cyclic prefix |ength used
by a cel | . synshroigsionszagnissiony sy e uesbioconsey dfsematwes ehagigrpation. In

synchroni Z %hb ag'%i#r[g gigbgﬂlgﬁ]ile?@yg&%nﬂgﬁﬁ?ﬂégsiﬁss?onls 99{!{?%19 {ri’?u ({1??118?% subfames of

pr edet er m ned next to) one o

synchroni zat frame} nadh satls symohsoniZdten sieasmiaion By swmbrinrineadi emltiple symbol
transm ssi on ,may, correspond to a secondary nchr.oni zati.on code (SSC)
sent on a $&EH rayre%'?@ﬁ? SHhTEzRG: oFve Htart ga!i%narspgfd%ﬂw gachieved

LA 4P TR SR S LRSS BT o

and used f dy seotieg &t syvehreoizatoon tinsnhissigsdondaeyedy npioed sikfaamenmnd may

transm ssi A us"é’ﬁi Poh cgr?yeyi %grrngvgmpn%gy?r rE‘yrrlncbeo'l-level non-uniform spacing may be
achieved by sending one synchronization transmission in one of multiple possible
symbol periods depending on the information being conveyed via the symbol-level non-
uniform spacing. For example, multiple groups of cell identifiers (IDs) may be
associated with different symbol periods, and each cell may be assigned a cell 1D from
one of the groups. A cell may the send a synchronization transmission in a symbol
period for the group of cell IDs to which the cell belongs. The distances between
consecutive synchronization transmissions may also be used to convey a cyclic prefix
length used by a cell.



[ 0009] Various aspects and features of the disclosure are described in
further d’&?&?qf"“ﬂg“ﬁ%w BRI EF DESCRI PTI ON OF THE DRAW NGSF§BUSYOEPHE11Y
shows a wirel ess comunication systemd [0011]FIG 2 shows two

uni formy spaced PSCs and one SSC. [0012]FIG 3 shows two

non-uni formy spaced PSCs and one SSC. [0013] FIGS. 4A and 4B show two
non-uni formy spaced PSCs and one SSC in radio frames with equal and
unequal subfranes, respectively. [0014]FIG 5 shows two PSCs and one

SSC with s r.ame-| evel .non-uniformspaci ng and s ol -level . .
mon- uni for JUBEC b SEGeaEHS O G PSRRI ot § G thatis
spaced PSCorRBdrigd S§sdt Ofrobl (8¢, CRLAL 9:?0 WRS ¥f the leﬂﬁfti‘plé‘ 1888ization
cyclic prefix lengths, respectively. [0016]FIG 8 shows a pfocess

per f or med bynsmibiiows. B The seqopday seichroseatioh. trinS@issipR| Gay Scwteopandatn a
apparat us fse(:)cron yr?%%éﬂr@rﬁza&%y cods ?§§(E]) sent on a secondary synchronization channel (S-
SCH) or some other transmission sent on some other channel. A channel estimate may
be derived based on the adjacent or nearby synchronization transmission and used for
coherent detection of the secondary synchronization transmission, which may improve
performance.

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

below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 shows a wireless communication system.
[0011]  FIG. 2 shows two uniformly spaced PSCs and one SSC.
[0012] FIG. 3 shows two non-uniformly spaced PSCs and one SSC.
[0013] FIGS. 4A and 4B show two non-uniformly spaced PSCs and one SSC in
radio frames with equal and unequal subframes, respectively.
[0014] FIG. 5 shows two PSCs and one SSC with subframe-level non-uniform
spacing and symbol-level non-uniform spacing.
[0015] FIGS. 6 and 7 show two non-uniformly spaced PSCs and one SSC for three
cell groups with short and long cyclic prefix lengths, respectively.
[0016]  FIG. 8 shows a process performed by a Node B to suppoit cell search.
[0017]  FIG. 9 shows an api)aratus for supporting cell search.
[0018]  FIG. 10 shows a process performed by a UE for cell search.
[0019] FI1G. 11 shows an apparatus for performing cell search.
[0020] FIG. 12 shows another process performed by the UE for cell search.
[0021]  FIG. 13 shows another apparatus for performing cell search.
[0022] FIG. 14 shows a block diagram of the Node B and UE.



[0018] FIG. 10 shows a process performed by aUE for cell_search.
[ 0019] FI YO 2408048 an apparatus for performing cel |l seBfEHS2007/080111
[ 0020] FIG 12 shows anot her process p‘grformed by the UE for cell

search. [0021] FIG 13 shows anot her apparatus for perform ng cell
search. [0022] FIG 14 shows a bl ock diagram of the Node B and UE. WO
20081042865PCT/ US2007/ 080111 4 DETAI LED DESCRI PTI ON [ 00231FI G 1
shows a wireless comuni cati on system 100 with nultiple Node Bs 110.

A Node B is generally a fix i icates with the UEs
and may al so be referred toeﬁﬁlﬁi)tﬂ)ﬁﬁéfﬁ%ﬂ hanced Node B
(eNode B), cc oi.nt, etc., Fach Node B 110 prgoyid .

comuni cat FEASEovdrhd Hors4 piperRcsrupenEsragheh D slpl Nade Bs
“cel 1" can1i@f & Nb@e B iNo@RerBlIRAGHRH stdton aRMJoRGRUAERS WRREIUBY 288 may
the context in which the termis used. To inprove system capacity, a

Node B cgvelrsa@@ rafeérad feys Bdapastetion, gneahinred NadetB (¢dodenid), lagracegss peint,
.g., t . .
Fespect | ve Bacti ShLECTD) roPllEs SRAMSEINO LR REER RB% AL ERebbnit

refer to aaRiSThRdéed “¢di® canvefcagea Noda Blapiditdisn@vengt AfeaclRpémitig b the
which the termis used. For a sectorjized cell, the BTSs for all
sectors of cemgtt ip gyhichdhe terpjs uagd. yoopreeiys¥mgapReily, eMtoduddeoveraggarea

the cell. : i-hed i eqse e

Wt sect of PSctt BTy BHEE gL BRC R AUl B ap s YRR cach
For sinpli smtNer dren triag Heodehvadi byga despectivetbase transtetvenstaton (BESY. eThe term
“cell" can_generically refer to a Node B and/or its coverage area in

a syst em wi 10N c¥LElGtp AR apd/er dherverres apcleprpdig opdhe et agavhich
area in a SKSEAMILE 8 3&&&%&@1{@@1@@%& HESeclord okt Bl are ypically

di spersed throughout the system A y be stationary or an
may al so beo+lefatadreithin theaode Bty the cell. alhotechrrqusisics@ibed hepmemay ba used

terninal , ternipal tation etc. A UE b | 1 ul
ohone. . pEP BREFRaMRL B0ty S (Bl s UG sbfrcicta! o
wireless cemmmit?ﬁhit@@fa@wiﬁgdeseﬁﬁmmm SlaidRY iHeQernd “¢APIAR g@@ﬂ%ﬂﬂ?%efer

a subscri ber uni a cordl ess phone, etc. A UE may comuni cate wit
one or nor & Adwde Bsand/or ity eaysrags $ragrin agiystemewdlo wniseetrizadacellplandiko TS

downlink (qr.forward |ink) .refers to,the co jcation link fromthe
Node Be. t o PR ek UShdh & s gt UPiabBITHIT ) Fef ers 10 1 he
comuni cat i[@24) i nKUES§ 020 hiag bekdspetsetl higrobigiitrrt Bee sybterd-| £ UB may eddtdttbnary

line with doubl e arrows indicates comruni cati ogn bet ween a Node B and
a UE. A br 8kamehilengndymey alsospadelerrad itevgsi hamabile ssfatipn e mabids gawgmsnt, a

Sount i £ \akl ORI, LETRY heCobm sl o Slieas: g

control | er digl raasistantu PPIRA),0 aNodteleBs mddengna wirelessdeommunication device, a
handheld device, a laptop computer, a subscriber unit, a cordless phone, etc. A UE may
communicate with one or more Node Bs via transmissions on the downlink and uplink.
The downlink {(or forward link) refers to the communication link from the Node Bs to
the UEs, and the uplink (or reverse link) refers to the communication link from the UEs
to the Node Bs. In FIG. 1, a solid line with double arrows indicates communication
between a Node B and a UE. A broken line with a single arrow indicates a UE
receiving a downlink signal from a Node B. A UE may perform cell search based on
the downlink signals from the Node Bs in the system.
[0025] A system controller 130 may couple to Node Bs 110 and provide
coordination and control for these Node Bs. System controller 130 may be a single
network entity or a collection of network entities. System controller 130 may comprise
a Radio Network Controller (RNC), a Mobile Switching Center (MSC), etc.



coordi nati on and control for these Node Bs. Systemcontroller 130 may
be a singV@2MBFEHX entity or a collection of network eRETASHY7/080111
System controller 130 may conprise a Radio Network Controller (RNC),

a Mbile Switching Center (MSC), etc. WO

2008/ 042865PCT/ US2007/ 080111 5 [0026] The techni ques descri bed herein
may be used for various conmuni cation systems such as CDIVA, FDVA,
TDVA, OFDMA, and SC-FDVA systenms. The terms "systems” and "networks”
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which may also be referred to as tones, bins, etc. OFDVA syst em

may i npl emstandads. abil8A chwdes &leeb;derCIaMﬁL(ngCHM @aldmw (Clip RafEELCR)
Fl ashOF SC- FDVA til

r oquency 1 TPEIS svstin e Bioiie T achpionaRey St SRS Rlsm &y obite
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LTE are described in docunments from an organi zati on naned "3rd
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are described below for E-UTRA and LTE, and 3GPP term nol ogy is used
in much of QHRM@estiei pAnofCHaPMA Sp’@ﬁ@@?}lhhz@y&ﬂ@lﬁ Gagier Npegepsy Miyision

may peri odi pa

ToY et ecs  PARESRERESCYTAR A~ BhieInbd AR 374B0R 0 A e dfyalf Bon
etc. The swﬁﬁbgo:mal Zigich@ferd. I BITROL, SBHUTRA, NGSMDEndSETE dré) dyiibed $n documents
manners. In one design that is descrlbed in detail bel ow, each

peri odi cal IEpm %wgmn?%ﬂoal agrd ‘FriGaperafiosRartrerlpRrarect HA(FPE A ?@H@QQO is
or more PSGS.d#e£afNadRtcRes HRHE g@ Coslﬁatﬁﬁﬁf&%t AL ddw@@ 'GE%eQFBg : aﬁleﬁglp

The S-SCH nay carry one or nore I'n each ra rame.
may sear ch PrgjectNYd8GBP2pr Thedelvarioig tudin teebrdbgige adbstaatardmarprkaoeadn the

In the first a or PSC detecti st the TIE. et ec
ol o b drtoror s corin e oBe PReatiais to b aNg brieh it ol B fnd
detected celig JdSGPE tdBNAbSPisI8E] ¥EnEH TR0 §dsch 6d1i?et1&vf or each

detected cell 'based on a (@pecel ved fromthat ¢ In the second
stage or SHPATEt echni @rstsnagl;@Q Node UBs nbip |mtaampeﬁ9dledbh sded esynelttosightion

based t he SSC t SSC, det ect
por f o nanc EATREORS e P o208 £ BRI CASBY 7 86 Fring R P SHE™ 25
coherent defuifien IDf echeh&Hmdhednifaieh tﬁﬁérﬁi‘é&@ﬁs @8V be Wt in Yhoughainels.

esti mate obt ai ned fromthe PSC for that cel
In one design that is described in detail below, each Node B periodically transmits a P-

SCH and an S-SCH. The P-SCH may carry one or more PSCs in each radio frame of a
predetermined time duration. The S-SCH may carry one or more SSCs in each radio
frame.

[0028] A UE may search for Node Bs or cells with a two-stage detection process.
In the first stage or PSC detection stage, the UE may detect for cells based on the PSCs
sent on the P-SCH and obtain timing for each detected cell. The UE may also derive a
channel estimate for each detected cell based on a PSC received from that cell. In the
second stage or SSC detection stage, the UE may identify each detected cell based on
the SSC sent on the S-SCH. To improve SSC detection performance, the UE may



[0029] I n general, one or multiple PSCs may be sent in each radio
frame. PEMBO4BEETs nay i nprove search tine and reducePSEAPE7/080111
conplexity by (a) reducing the nunber® of timi ng/sanpl e hypot heses to
test between consecutive PSCs and (b) increasing signal energy

t hrough conbi ning PSCs received within a given tinme period. However,
sending too many PSCs in a radio frame may result in higher overhead
and bandwi dth | oss and nmay al so i npose nore burden on the SSC

det ection stage by increasing fhe er aof hypotheses for fra )
boundary. PTG CRSETTE eieftien PGSR o each AethIeh ol WERARg SR Ggmate
descri pti ogpaintl RIS #8Mat k&1 @ radio frame and nmay provide a
good trade-off between the various considerati ons noted above.

However, t (#29¢chningsesralj @sc or bedtile PECs megybdentigechch gadiotfhere. Multiple
desi gns wi nore than two PSCs per .radio frame. [0030]FEl 2 shows
an exanpl eFPEFaﬁE?ﬁ JEPIPNC PR %@Qdali‘? UGh & C?‘{tfpgx%&%yc?(af) AN e

uni f or m spaginBer l&?tfﬁﬁﬁfg/s%ﬁgl@%%oth&‘:@ 1A UsP BiREE TBYscBRWR PSEYr ald 9p)
of 10 mlliseconds (ns) and may be partitioned into 20 subfranes,

with each nenéastgeigral eneyen though cambining P smeceived withinra giveFtime Rriod

first PSC (PSCl) and.the SSC a sent | reanbl e subframe iC

s the. rir Honeybs SR PorRany BSCE b abdlo TaRMeCRAR st A pitlealana
in a m dambhedveighi [ca®nd WRhE RildoSiriftRe Iolehbwté oanBe S hRtdcash Gtage by

frame. The preanble and m danbl e subfranes nmay each include multiple,.

synbol per isaeasingsthe nepbeyeoks xpotheses Her |fgpe i’?%ﬂ’-peﬁ gae olesigpethat is
reanble s ; : i | I

Phe i danbl o LB in,Ath ke BRkRE Rfiprofl, (ER8CE o3t R Pl Gind

of PSC2 nmayndye plovide, aapdod headdidd T dietwecdn dia tvadoen dondiddrTidehst aotetiealgive.
of PSCl in_the next radio frane_may be 5 ng, as shown in FI G, 2. The
spaci ng beEiREENeE His tPEBdqURs Gp%fﬂbﬁféﬁmﬁ@ WAY PoRsRAPY pthar dasieps Jth more than

di stance ot,5pg® ﬁéﬁ]f%rﬁatm‘(\% consecutive PSCs. [0031]FIG 2 shows use
of two dif erentsg%tCs or the P-SCH. Each PSC may be detected by

per f or m ng [#630¢ he dFFG.I 2 showsgnorxaimpiutransangsicmso fivoP SCratndRBE. SSTim. a radio

mat ched filters he used for the t i fferent PSCs and nma .
oper ate i AHETHEbHURTTHMAEHE DEatrer i ERCS AR Baio EFebR oK D G Cupipmet
whet her PSGj rﬁﬂl_is@%sV%&) B8 &h¥e8e plRitoREW R COMRINANONRIth each subframe
conplexity, a single PSC may bé used for both PSCL and PSC2, and the

wavef or ms  hayin@8ciirativs PR mapas shovien HE. 2dehdirg ASC @61 ghd the/BSC are

2008/ 042865PCT/ US2007/,08 17 tched filter.m en he used to
dotect. Tor S gy sppbarms SHRLE B8 e e dBY pb I rafi o SE W hecpne
the m danblpgCs@sioaiesent 808 2dihbleWibfremns) WRidE i theof 1 -thhaibRSas otk tisid
of a single PSC for both the preanble and m danbl e subfranes, the

P- SCH synbdlanseuddarpiearale mad aidagbdel suliramescHer ®rh tiaglpdyy muliéple ymbol
sanples fo i . fi.0 . [ t

fi IrTeri ng &’Bﬁ?@h p?%c\%)é‘ga ygl?e{ogeeglg 1%116%15\5/‘96%@%%&?@%56 eeg{%g%g%nﬁ{gﬁgme’ and
i np?t fﬂ anplps€2 IgimebPSéﬁtpiﬁakeslakf g{m}idiq:leﬁa% @ﬁaobTﬁﬁdagg:g mgafimlﬁ. dThedistance
uni formy spac apar.t appr oxi mat el y ms_Two peaks y be
detected’ i AT gﬁexﬁé of Béﬁi tg ﬁw@ﬁ Oﬁ’é%ﬁﬁéweb%wb@da% Fitane gggl tﬁ% end of
whi ch one @igchbhig tl% g d%'%@%%%h&ﬂé{ﬁéﬂ&Mﬁle%%g}rlgbe%ﬁédésosh%ﬂqﬁ FIG. 2. The

boundary. Hence, re may be two frame boun ypot heses

cor r espondisparing betheen wine PSCs pealtd thdrf be hieifGSC with 8 enhstant disthycet b5 ms
pr eanbl e sft{,l)bfra as shom‘iei’é#dzl G 2, then SSC detection may be
performed PEMVEREHC GPOLHE! % ame boundary hypot heses. The franme

boundary mago3gifen PR; deiiRfvE 38 SIS ifden INCd Hor 4RI PECEH. EHYPYE may be
the processing for SSC detection cﬂ% be doubled since it may be
ehyipsrihg

per formed fletectedoby merfermpiog nabatci s@s inffad rsahgtesoweh thae PSEC Two

detection for. .e f rame. boundar of.hesi be conplex if there

are many  pdCSrBRAsE L of o BT fhatpodbuarn BT mRCyhaF sieladgely
on the same input samples to quickly determine whether PSC1 or PSC2 was received.
To reduce computational complexity, a single PSC may be used for both PSC1 and
PSC2, and the waveforms for PSC1 and PSC2 would then be identical. A single



[0034] FIG 3 shows an exanple transnission of two PSCs and one SSC in
a radi o WRAWSRHING non- uni f or m spaci ng bet ween t he PSCsPCT/§S2047/480111
exanpl e, the PSCL and SSC are sent in‘the preanble subframe, and the
PSC2 is sent in the m danble subfrane. However, the distance fromthe
end of the preanble subfranme to the end of the m danbl e subfrane
(Tci) is different fromthe distance fromthe end of the m danble
subfranme to the end of the preanble subfranme in the next radio frame

(Tc2). The ra rane av ration _of 10 ins and ma cI ude
20 subf r amB@te q\ﬁﬁ f{%teé%wng%gﬁ alﬁ@ia F?aa?t?f‘é fgr §%tsplemndhe orezm q as
may be sen ﬂ%u,la ﬁ{gﬁi may be sent in the 10th
subframne (}Vﬁglggggégfs%ﬁ% 1{({1 su ?dr?)g%e: Tci may be equal to 4.5 ns,
and WO ZOWHZSGE’BETdIﬁfémOsZ)’aGia@deﬁhs PRt aralyusveofqsaigle @SE. forrtwth de
2w Bqchiepbirti pabTca gL 3% PS5 Gt b o
mat ched 1 ld.gdnef GiliRNg B%e RBOLE %gﬂ& £ chPsdrflE heSEdBE BfmitPnARiRds, Phfe

peaks, as descri bed above. stances Tci and Tc2 between the PSC
peaks may n@tahsédiltemngewwlm m@vtdeamebbummWerea«d?SQ\h@mie@cstdnlgl theP&@lt

d f t h I i danb bf tecti
may 2l s0 b&TER b 1PF ERCURPR® KRB eduEotr FESHE BOURGE o OBsapILapert
non- uni f or %@%ﬁﬂatagtmn T PREGSeakPihal deaihicRMad Nbitéh ¥alid B4fe, and
frame structures. eneral, a radio frame may be of any duration

and may i néhfml@aarw ity asfto seitielr emeef tha o &’ﬁ@ A3l permspontsyio fheradio

the sane o o A 0
e o ol AL BUPALLRS b SRR Ra s PSRBT hORRL o
subfranes efe OGURSC deukal itHthe ST ish,bﬁt ianpihe prédieblé adifents @shown in FIG.
i ncl udes 20 subframes, wi.th each subfrane having a duration of 0.5

ms. PSCL ny e $6t defectione e dspperfesmstr a:rrreeq efbtthey twe frpme; hoyndery

0 AT T A e 90 S

be the 10- Howsewbd, tlenmerof@sing fomBS Criletb)ion ntagr bb2ioubled sbfceatmmay be parfgrmed

bf h t h 1- bf 0038] FI
Cransni osi O BY0 [ RS MEPRIgeSp ALepase. ey de aeon for-each diagne
frame wit hb§ﬁ&§fa§3ﬁﬁ§§otﬁé&§jhfa§ec§eeéﬁmﬂ%!£ at kRS arel ﬂlahf gasﬁaqaml&s (tegg many

radio frame incl'udé 11 subfranes, wth the preanb and m danbl
subfranes gassiblhasll Hs) dorthe &6Con of 0.5 ns, and the remai ni ng

oreonore: s TR o Bnht bSC e el ool sl oL
frane. PSC%om{ae@en@eﬁa nbiletit® dikteadR! & &mbf ARl Dhfwdln RMsRAtIOPSCs.

6-th subframe (as shown in 4A), the 7-th subfrane, etc.
Non-uniform spacing may also be referred to as non-uniform location, non-uniform

positioning, etc. The non-uniform spacing may be achieved by sending the PSCs in
subframes that are not evenly spaced in a radio frame.

[0034] FIG. 3 shows an example transmission of two PSCs and one SSC in a radio
frame with non-uniform spacing between the PSCs. In this example, the PSC1 and SSC
are sent in the preamble subframe, and the PSC2 is sent in the midamble subframe.
However, the distance from the end of the preamble subframe to the end of the
midamble subframe (T¢,) is different from the distance from the end of the midamble
subframe to the end of the preamble subframe in the next radio frame (T¢z). The radio
frame may have a duration of 10 ms and may include 20 subframes, with each subframe
having a duration of 0.5 ms. PSCI may be sent in the first subframe, PSC2 may be sent
in the 10-th subframe (instead of the 11-th subframe), T¢; may be equal to 4.5 ms, and



[0039] As shown in FIGS. 4A and 4B, data and/or other information nma
be sent WOZME04I%F r anes bet ween the preanbl e and ni danBFEUaHEPHLihe
subfranes between the m danbl e and pr®anbl e. Non-uni f orm spaci ng

bet ween the PSCs may be achi eved wi thout disrupting or causing
discontinuity to the data subfranes. [0040]In anot her aspect,

mul tiple | evels of non-uniformspacing of the PSCs are used to convey
different types of information. Multiple PSCs nay be sent in nultiple

subframes of a radio fra and each P y_be sent in qne of

Tl tiple syRbBRY BEeABLS P Bors BRI G bt Tarand Eoagnay o b elhir ues
FIGS. 2 anguéfrthgt"%l'if:‘{cﬁ'eg Afic Tan- WO 2008/ 042865PCT/ 1 JS2007/ 080111 9
uni form spaci ng nay be a %i eved with this PSC transm ssion structure.

Subf r ame- | §385] nonWithinborumifepa spagngref/thb & Séishinetckel fiterseguiay e pheformed

Symbol -1 cvdh RGP PRI SHRrRg WabeBe s A Setar ke Pocend
in symbol pel bosiees ShePEEDARS Bfy: 18 th HcRiriiid REmPHoDILPRYEY Yfhen a
via the synbol -1 evel non-uniform spacing. In general, a system nay

enpl oy onl yingledtSGweuské fas botto the e anarlerand addamghle subfoames. Sphhddtedtionahay
non- uni f or acin r_.hot h_subfr -| evel ;and synbol - evel

non-uni f or Qség’ggﬁnﬁéiﬁeﬁdﬁﬁ%ﬁﬂ%&g O?Meﬁﬁuaéwgn for transm ssion of
two PSCs apgb3ene SHe hdh-anifirf abin@BRtwédnNthd BSTsSHE baABhib@MeNith various
non- uni f orm spaci ng and synbol -1 evel non-uni form spacing. A sin

PSC may befRgedtmeirssodngrsal, amdiptape mpydegiiany gugsion end mdeailq?reany

e L e s

frame w t h[0035Ubf rEFGS4A shows transmission of two non-uniformly spaced PSCs and one
SSC in a radio frame with subframes of equal duration. In this example, the radio frame
includes 20 subframes, with each subframe having a duration of 0.5 ms. PSC1 may be
sent in the preamble subframe (denoted as “P” in FIG. 4A), which may be the first
subframe of the radio frame. PSC2 may be sent in the midamble subframe (denoted as
“M” in FIG. 4A), which may be the 10-th subframe (as shown in 4A), the 12-th
subframe, or any subframe other than the 11-th subframe.
[0038] FIG. 4B shows transmission of two non-uniformly spaced PSCs and one
SSC in a radio frame with subframes of different durations. In this example, the radio
frame include 11 subframes, with the preamble and midamble subframes each having a
duration of 0.5 ms, and the remaining subframes each having a duration of 1.0 ms.
PSC1 may be sent in the preamble subframe, which may be the first subframe of the
radio frame. PSC2 may be sent in the midamble subframe, which may be the 6-th
subframe (as shown in 4A), the 7-th subframe, etc.
[0039] As shown in FIGS. 4A and 4B, data and/or other infonﬁation may be sent in
the subframes between the preamble and midamble and in the subframes between the
midamble and preamble. Non-uniform spacing between the PSCs may be achieved
without disrupting or causing discontinuity to the data subframes.
[0040] In another aspect, multiple levels of non-uniform spacing of the PSCs are
used to convey different types of information. Multiple PSCs may be sent in multiple
subframes of a radio frame, and each PSC may be sent in one of multiple symbol

periods in a respective subframe, e.g., as shown in FIGS. 2 and 3. Two levels of non-



where Mand N may be suitably selected integer values. The distance
from t he Vé@ 2/048863 ybf rame O with PSCL to the start of BaBUPZRE0§j111
wWith PSC2 is Ta = M and the distance’ fromthe start of subframe M
with PSC2 to the start of the next subfrane O with PSCl is Tc2 = N -
M, where Ta # T2. PSCl and PSC2 nay al so be sent in other non-
evenly spaced subframes such that Ta To.. It nmay be advantageous to
have a small difference between To and TC2. If the difference is

| arge, then the benefits (in terns.of. s time.and conpl exi f
el e PRl PR e A SR R e P o aeaTe, Sobtale Rlel

synbol - | evehy Reffeidishaing SRACHAGhiRRGEL bgsseﬁgﬁl% fh8 BSY P AbnROEAP Spaced
that is TF1 fromthe start of subframe 0, and " PSC2 is sent in a

synbol per sudranieat cigs FFshdwm tFE. s3.arSyropoldensl rmomeuriformhgpagingnmay be

| 11,1.0 and TF2.0. ., f BSCL i d h | _estimate. for,.
doher ont aBeEIRolY St thecpSCH T sipp3haerits ArfeREseEBh Y ffprRttion
| ocated asbéhpLBndsyedAes iRl $mitRl-RYel neh-uhigsrnb gfaRif. O @dnkrll, PSfstom Sy

that the channel estimate obtained from PSC1 natches the actua ]
channel respphlyeondpsublramefyyel nen-ssdoms spraes|of ey ppwbpblegcl non-uniform

[ 0044] The total distan fro he .s f_PSCL 1t rt of PSC2
is TD = T%aa&}%f,gr '?Ot@ﬁ‘g?eféa“l\erg‘@ a%ﬂfﬁ%%gvﬁ]hng’%t%%@f&gﬁ%ﬁﬁagce fromthe
start of PR#A1]0 tINKG.H shotvsQf dekipa foeHinshiHsion 6f thAPSTsTid one ABC in alihdio
total distance TD1l is conposed of the WD

2008104286 pre/ with dotr gwbftame-level non-uniform spacing and symbol-level non-uniform
spacing. A single PSC may be used for both PSC1 and PSC2 to simplify detection of
the PSCs.

[0042] For subframe-level non-uniform spacing, the PSC1 and SSC are sent in
subframe 0, and the PSC2 is sent in subframe M of a radio frame with N subframes,
where M and N may be suitably selected integer values. The distance from the start of

subframe 0 with PSC1 to the start of subframe M with PSC2 is T,, =M, and the

distance from the start of subframe M with PSC2 to the start of the next subframe 0 with
PSClis T., = N—-M, where T, # T.,. PSC1 and PSC2 may also be sent in other non-

evenly spaced subframes such that T, #T.,. It may be advantageous to have a small

difference between T¢; and Tep. If the difference is large, then the benefits (in terms of
search time and complexity) of using two PSCs in one radio frame may diminish.

[0043] For symbol-level non-uniform spacing, PSC1 is sent in a symbol period that
is Tr1 from the start of subframe 0, and PSC2 is sent in a symbol period that is Tg; from
the start of subframe M, where in general T, >0 and T, =0. If PSC1 is used as a
channel estimate for coherent detection of the SSC in subframe 0, then the SSC may be
located as close as possible to PSCI, either before or after PSCI, so that the channel
estimate obtained from PSC1 matches the actual channel response observed by the SSC
as closely as possible.

10044] The total distance from the start of PSC1 to the start of PSC2 is
Ty = Ty + AT, where AT, =T, — T, . The total distance from the start of PSC2 to the

start of the next PSC1 is T,,, =T., —AT;. The total distance Tp; is composed of the



10 coarse distance Tci and the fine distance ATF, and the total

di st ance W@®200894386%posed of the coarse di stance TC2 andP¢HESIHOF@80111
di stance ATE. The coarse distances TdP and Tc2 may be used to convey
certain information, e.g., radio frane boundary. The fine distance
ATF may be used to convey other information. The anount of
information that can be conveyed via the fine distance ATF is
dependent on the nunber of synbol periods available to send PSCl1 and

PSC2. [0045]1n ogne design, the fine distance ATF i s used _to. convey
cel | groupPasodisanscohe anddhefing digpes At ang the totpl distansg Jprin Gompoprd of

di vi ded i nt,;0 | tiple r S,~W t.h eac r cont ai.nin

Qi1 oront " itk el fipds o HRUBE o diflef BT, RHP S8R ABIRE Foand Top
a speci fi cofa§l be hfed (P WOREY QrtalrhenforniiRMPS.o., TREiH Fiamef balakhiyD! ahe Eire
groups may sinplify SSC detection. A UE may detect for the PSCs and

det er mi ne tistanté Adr dagthenced WEney odeninformapsC pbakwoumtiod infomation that
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the fine dFEtBRceniRED Yindhedmecfishnee A7ais Agpendgd pn {5 e’ i b0
of cell ID Qy&gtagme{o%nargcﬁsgﬁggtgpti on stage may thus be reduced
by havi ng Rultl ple groups of cell IDs. For exanple, if three groups
are fornmed[004d5en tIhenpdesigsshafing distabSCA Geisastd wrromayy dadl greuhdstniayion.
one third. [0046]|ln one design, the G grqups of cell JDs_ are assjgned
di fferent ﬁﬂmllaﬂagerqu&QSﬂ%Fheﬁséfmwge Flwédquﬁnf&iwl@pisr{p)grms gach
be assigne i i I i :
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nei ghbori ng spetifis,ccH IDEfioay otxe ofilthee Gt groops. aiThealsanfedmkiptd oall gmupommay

BTl Speci FTBER SR hletesBonmy UE iy Stearant DNGt et fejeahe frcitsghstance
whi ch may i\mpriueedneht @S@%E&&s.anﬂlerﬁggrﬁ%b g@gﬁﬁ@%ﬁss% %F&é&&n kgt e]ﬁthone

design, PSC2 is sent I1n't sanme sy el oring c

The syst emgray dfecetid®sahddatasd by the @k liftimgUens ynseat wirdl (aHh)le @ell MDy.
send certain transm ssions with SFN operation. SFN refers to

synchr oni zd#e tpmbshokesloh) Bypathesey f?éttﬁ%ﬁs‘? dstacton stpt mag dhyssbe sghneed by
may i nprove,!r: i: L.Af i t ! r

ol 1 5 Send BEE RHRR Rough R i1 B ok BBty RmcE ook SRERHBIR DA the
to col | ect pmzessirgnfor §CldetecRECRhay bhireducadiyy bnpthirde PSC det ecti on

f T ] - ic inf j d :
Cel | -spoci T146hoc PR B ER S Gl GouA et gi s B SERiTgfet BTog Peripds
2008104286 3R HLMS2001{ 1B _&?fge%éh%tgng aLrgzgﬁoe @ssfg%eégfio ReidBBdiHE S that may

transm ssion of two non-uni [ . PSCs an one SSC in aradio
frame w t hssonglyertederPSath othesi Byl witeSdiffveont spmbelautriods foroR$C PS@eng the

sinplify detection of th PSCs..In this design, .the radio fra has
2 o at§ on Sgehestiis i & ER RS ablsla ohladn LA e maeyorals §ren
duration ofin @ ynBRroRiRed nBlodkde SThReVE &y RO theP@IILHEsific Nl &stimates for
assigned indices of 0 through 6. Each synbol period has a duration of

71. 43 i cr 6ekredistecten of tith & S&vwhichnay imrove msfosmancsi apd dedice gemplexity.

th t , . :
[ 00as) Por - TN ol B RhrERE Bl B5bt oA actacad B pighoripe el
sent in thahprseastlaysbdbpanrd agadidgie iPency sctv@ik (SFN} fiemay dafibicetain

subframe. The dj stance fromthe preanbl e subfrane tgo the m danbl| e
subfrane i &apenpissions gviths SFRh PperBion; sSERcackersofg synchronized trapsmission of

information from multiple cells, which may improve reception of the information by the
UEs. If neighboring cells send PSC2 in the same symbol period, then the UEs may be
able to collect more energy for PSC2, which may improve PSC detection performance.
The cells may send cell-specific information and cell-specific SSC in the preamble

subframe even in SFN operation.



the m danbl e subfrane to the next preanble subfranme is Tc2 = 5.5 ns
For symbd¥O 2P {pdi86pon- uni f or m spaci ng, PSC1 for cell grBUpU&200&0%0dk,
in synbol period 4 of the preanble sdbframe, PSCL for cell group 13
is sent in synbol period 3, and PSCl for cell group y is sent in
synbol period 2. PSC2 for all three cell groups is sent in synbol
period 6 of the m danble subframe. The SSC for each cell group is
sent immediately after PSCL for that cell group. [0050] For cell group

, th i h f PSC1 h f PSC2 i

Tou, . = alipdfh ™ FRET s« fonen b AFIBTGFAROL TV GRPUTHOB A A PSCs

PSC2 to thg,s g&é §5€fin & B&IO e E’»’%ﬁlsta%gm?psfcg. i&%in%fe@S(fﬁ?&-b%‘hs&ﬁfor both
us. 13, the

and the fine distance Iis ATF, a =142. or ce group

total di st ®3Cs td simplifihdetstiamtofafiesPBSCst dn thedssigy, theahdiBSEEng lsasERhration
4.5 ms + 214.291.6 t he tal,di.stance fromthe start of.PS o the
Start of i fib 1Rt Phe ARG SIbGREREh JuS S i RPTnans wd
di stance i $nchidfes @ev“en%b%?p%ods thex ar@%ﬂégﬂ!’d%@icé‘s of Denbedb. dHath 3p&Sol
fromthe start of PSCL to the start of Cis TD' = 4.5 ns +

285. 7116 , pthed text alduditist ad Fé.43r mivr¢seeorsls dps). oThdSERlable delelDst axe tdivaded
the next PSCL is Tinl, = 5.0 ns8 + 214.29 ps, and the fine distance is
ATFo, = 28%ntgilyee gromps thatyprg ueferred toras cgll @rqupigy PraRdd- be di sti ngui shed

by differe foh ne €l - 4 , :
respect i vern® o BirouPRiSRSLi el sl BPECDat] s st e
a speci fi c perasibinsibdraneyiid hePSIO2\vie berd nd theymidenb leesubframon The distanrefrom
spaci ng of the PSCs. For the franme structure shown in FIG 6, up tq 7
cel | groupdheiipaplc subframetp thp midrmblasytfemenis ky el Metndihs distinepgom
Ui 1 arme. - BISCEGREP I GBS FribeEn] BSEE BB o o> 4 . et
subfranme, as shown |n FIG 6. In this case, the fine distance, fo

cell group?‘@’efrﬁW'b‘@lf@‘F‘?féﬂacé%g’Eﬁ&,lgpof CPAL QUK Oglsj $egt 1 aym‘éﬁﬂ’eél,odl, of the

..., 6. P b i . i

m danbl e s§%r ane. gles %é?rgé/r dg@ %@%ﬁﬁ Iﬁ’éﬂ&? P%‘%@%@%P%@r%&%é@&g %eru

after PSClgidupt h& @ﬁ@ﬁlﬂ@}ﬁ&ﬂt icfiati €. f POCOD RSCAI itkredl 261 gbdips SGent in symbol
e

detection. [0052]1n another design for the frame structure shown In
FIG 6, PSpgriedp odlthe gadqmble subframe. The SSC for each cell group is sent immediately

after PSC1 for that cell group.
[0050] For cell group c, the total distance from the start of PSCI to the start of
PSC2is Ty, , =4.5ms+142.86 s, the total distance from the start of PSC2 to the start

of the next PSCl is Tp,,=50ms+357.14us, and the fine distance is
AT; , =142.86us. For cell group B, the total distance from the start of PSC1 to the
start of PSC2 is Ty, ; =4.5ms+214.29ps, the total distance from the start of PSC2 to
the start of the next PSCl is Ty, , =5.0ms+285.71us, and the fine distance is
ATy ; =214.29 us . For cell group v, the total distance from the start of PSC1 to the start
of PSC2 is Ty, , =4.5ms+285.71ps, the total distance from the start of PSC2 to the
start of the next PSCl is T, =5.0ms+2142%ps, and the fine distance is
AT, , =28571ps. Cell groups o, B and y may thus be distinguished by different fine

distances of 142.86, 214.29 and 285.71 ps, respectively.



groups ‘x be sent in a predeterm ned synbol period of the preanble
subf r ame, WARMSBEESS for up to 7 cell groups nmay be sent PRTYH2004080111
di fferent symbol periods of the midaBle subframe. In this design,
the roles of PSClL and PSC2 are switched, and the SSC may be sent next
to PSC2 (instead of PSCl). [0053]1n yet another design, different
cell groups may be assigned different synbol periods of the preanble
subframe as well as different synbol periods of the m danble

subframe. E structure.shown i_n FI 6,, up to 13 .cell
o oupe. may (015 thasi HGE0 HiapTiot SHEES ABUPR 507 PebeHIcY Heind: S LEvEh o™
m danbl e SﬂHfféﬁ{@ﬁacﬁilgCHf {Haqisééﬂew;f e Hisd @tg&%ufeoghoﬁﬁlih HIGOBPuP W cell

be given as AT, g -6) RS, for =0, 1, ...,12 . For g <
6 , the SS@rqmyntae'He(ﬁsslgecﬂ upntct hdifforetd sipinbol miodhmtlmeirtmtﬂpediﬂ‘am and

channel est, nates be d rJv d i oni z etmo k and.u

o coher ot o SUTER! BFF1oGH ™y g T8SamOR FIERHor £5Cg i Ot T lst
excl uded t gy@pSIUFRicded ! the THBSMbleGubliaMBEels SRk AL FIEN. 6. anﬂﬂﬁéﬂease, the fine
avai | abl e nunber of cell groups nay be reduced to 12. [0054] I

gener al , f distacé rfameclétgroust gr mayibehgiSers yasb Al peﬂllddggags ﬁalbgr:a@rel,, .
to 25-1 cell groups may be supported by sendi PSC1 in one synbol
period of PS@an@aalbbéqumaammeamuemndmge f the mtd@n@hmrbtﬁap‘@nﬂw

of the md ne. To p here dul.a f th

"h & Synchen SaEbRuhgt e $SabSRREPY bERATREMe S0 b5 shfhed stiple O
descri bed pkovasysHagorssieablesigubf rane may be sel ected such that the
coarse distance To fromthe preanble subfrane to the m danbl e

subfranme i $02] herln asether Hesigw forghe feme sttt fovaoarde. i BSGh der aticpell
fromthe I / the
N gy P LERTE B ARLASEHSRET SRR ke
may start PSC2nfer wbnsteasdl gfoufs hayshe &t & up he 7edilﬁ'eﬂzfnt Ehﬁb@rmﬁsﬂb of the
subfranme or nay start any_amount ,other than 4.5 af t the end of
the preanmblddgnblesahgame.” In this design, the roles of PSC1 and PSC2 are sw1tched and the
SSC may be sent next to PSC2 (instead of PSC1).
[0053] In yet another design, different cell groups may be assigned different symbol
periods of the preamble subframe as well as different symbol periods of the midamble
subframe. For the frame structure shown in FIG. 6, up to 13 cell groups may be
assigned different symbol periods of the preamble and midamble subframes such that

the fine distance for cell group g may be given as AT;, =71.43x(g—6) ps, for

g=0,1,.,12, For g<6, the SSC may be located in the midamble, so that cell-

specific channel estimates may be derived in a synchronized network and used for

coherent demodulation of the SSC. Furthermore, g =6 may be excluded to ensure cell-

specific channel estimation, and the available number of cell groups may be reduced to
12.

[0054]  In general, for a frame structure with S symbol pertods per subframe, up to
2S—1 cell groups may be supported by sending PSCI1 in one symbol period of the
preamble subframe and sending PSC2 in one symbol period of the midamble subframe.
To support coherent demodulation of the SSC in a synchronized network, 2S—-2 cell
groups may be supported, as described above. The midamble subframe may be selected
such that the coarse distance T¢; from the preamble subframe to the midamble subframe

is either less than or greater than the coarse distance Te, from the midamble subframe to



[ 0055] The system may utilize OFDM and/or SC-FDM with a subcarrier
struct ur VAAWENE28GS t ot al subcarriers. For OFDM up to KPGHHSIAT/PEH11
synbol s may be mapped to up to K subddrriers, and zero synbols with
signal value of zero nmay be mapped to the remai ning subcarriers, if
any. A K-point inverse discrete Fourier transform (I DFT) may then be
performed on the K synbols to obtain a useful portion conposed of K
ti me-domai n sanples. The | ast C sanples of the useful portion nay be

copi ed and appended t start of the u ul portion to form an
OFDM sy nbofhecist axeﬁaniwge %Eﬁa@es Eﬁbf:@énpmm@%%gc@pﬁ%an@%@ﬂp &ubfzgrac gy stagt
a cyclic p ' It | C ' '

| engt h. [Og%ﬁo@sg%dgﬂua\;{@éﬁ %?rgrg%c} %’ﬁdqgg elo g&:%lglebéeﬁ%gﬂg%eﬁ{rﬁ&ﬁgta%t i e
domai n on @ueulkcHheritkearsd. frays dfier theand o thegmteanable kebffareguency domai n

with a Q poi di sgrete, Fourier. tr rm,(DFET ohtai n .
{r anst ormedCokbor G oty it DRV L SrERS ot Stayiop structue
mapped to Li@n 08 3B daBiRs. UBGIOFIOM, [uH 3 RS &1 9on SMbolEmAy BY¥ ﬁ%gkl)_éd to
may be mapped To the remaining subcarriers, if any. "A K-point |

may then beppek subeedicon andeck syybblsl with sigodtalue of agsemaly beanagiped to the
conposed of K.tinme-domain .sanpl The. | ast .C s | es of the I

orron magerBun B BT AN ARmoa inEve AseR R s Hantipth U5 may
to form antRge rfote@ lonCiBB ke khBéls Ko tbfeid amﬁéﬁ%&mﬁaﬂoﬁi@@swgﬂ KCtime-
prefi x appended to each OFDM synbol or each SC-FDM synbol may be used

t oI c_onbaL demeinssprmplsss. iThedast &r empdes(of 919 usill pertionymae bagoript aadennended
tipat .
Tl b s R st of B 1OR, pbiBRE kb B Dol B ERE 13 ¢ lrattblts

earliest amdel@t@sitd saniplyd 419 cail@hakydiepirefix at a gherdUktervhd, 2@ & thy ehilic
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performed on the K symbols to obtain a useful portion composed of K time-domain
samples. The last C samples of the useful portion may be copied and appended to the
start of the useful portion to form an SC-FDM symbol containing K + C samples
[0057] The cyclic prefix appended to each OFDM symbol or each SC-FDM syrubol
may be used to combat intersymbol interference (ISI) caused by delay spread in a
multipath channel. A signal transmitted by a cell may reach a UE via multiple signal
paths. Delay spread is the difference between the earliest and latest arriving signal
copies at the UE. To effectively combat ISI, the cyclic prefix length may be selected to
be equal to or greater than the expected delay spread so that the cyclic prefix contains a
significant portion of all multipath energies. The cyclic prefix represents a fixed
overhead of C samples for each OFDM or SC-FDM symbol.
[0058] The system may support multiple cyclic prefix lengths, which may be used
to reduce overhead whenever possible, A suitable cyclic prefix length may be selected
for use based on the expected delay spread, transmission type, and/or other factors. For

example, the system may support two cyclic prefix lengths, a short cyclic prefix length
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may be used for cell-specific operation, and a long cyclic prefix length may be used for
SFN operation. Table 1 gives some parameters associated with the short and long

cyclic prefix lengths for the frame structure shown in FIG. 6 in which the preamble and

midamble subframes have durations of 0.5 ms.

Table 1
. Short Cyclic Long Cyclic
Parameter Notation Prefix Length | Prefix Length
Number of OFDM/SC-FDM symbols S 7 6
in preamble or midamble subframe
OFDM/SC-FDM symbol duration Tsym 71.43 us 83.34 us
Useful portion duration Ty 66.67 us 66.67 us
Cyclic prefix length Tep 4.76 us 16.67 us
[0059] In yet another aspect, the distances between consecutive PSCs are used to

determine the cyclic prefix length used for a received transmission. A UE may not be
aware of the cyclic prefix length used by a given cell during cell search, The UE may
detect for PSCs and determine the distances between PSC peaks, as described above.
The UE may determine the cyclic prefix length used for the PSCs based on the
distances. The UE may then perform SSC detection with this knowledge of the cyclic
prefix length, which may reduce processing and false detection probability for the SSC.

[0060]
and one SSC in a radio frame with the short cyclic prefix length given in Table 1. The

FIG. 6 shows a design for transmission of two non-uniformly spaced PSCs

total distances Tp; g and Ty g for the three cell groups a, B and y with the short cyclic
prefix length are given in Table 2.

[0061]
and one SSC in a radio frame with the long cyclic prefix length given in Table 1. In this

FIG. 7 shows a design for transmission of two non-uniformly spaced PSCs

design, the radio frame has a duration of 10 ms. The preamble and midamble subframes
each has a duration of 0.5 ms and includes six symbol periods that are assigned indices
of 0 through 5. Each symbol period has a duration of 83.34 us.

[0062]

preamble subframe, and the PSC2 is sent in the midamble subframe. The distance from

For subframe-level non-uniform spacing, the PSC1 and SSC are sent in the
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the short €ycClic eng ar
group ¥ is sent in symbol period 1. PSC2 for all three cell groups is sent in symbol
period 5 of the midamble subframe. The SSC for each cell group is sent immediately
after PSC1 for that cell group. The total distances Tp 1. and Tpg 1. for the three cell

groups ¢, [3 and y with the long cyclic prefix length are given in Table 2.

Table 2
Short Cyclic Prefix Length | Long Cyclic Prefix Length
Tp1 s Toz s Tpi o Tpa 1
Cell group a 4.643 ms 5.357 ms 4.667 ms 5.333 ms
Cell group §3 4.714 ms 5.286 ms 4.750 ms 5.250 ms
Cell group y 4.786 ms 5214 ms 4.833 ms 5.167 ms
[0063] In general, the cyclic prefix length may be determined based on the PSCs by

ensuring that the total distances Tp; and Ty for all cell groups are unique for all
supported cyclic prefix lengths. Since T, + T, is equal to the radio frame duration,
ensuring uniqueness in Tp; is equivalent to ensuring uniqueness in Tp; and Tpz. In the
designs shown in FIGS. 6 and 7, the total distances are unique and the cyclic prefix
length may be determined by (a) not placing PSC1 in the last symbol period of the
preamble subframe and (b) placing PSC2 in the last symbol period of the midamble
subframe, The cyclic prefix length may also be determined by placing PSC2 in any
symbol period of the midamble subframe.

[0064]
Tp1_g with the short cyclic prefix length and any Tp: y, with the long cyclic prefix length

In the designs shown in FIGS. 6 and 7, the smallest difference between any

is 24 ps. This smallest difference corresponds to Tp; g of 4.667 ms and Tp; 1, of 4.643
ms for cell group a. A larger smallest difference may be obtained by selecting other

symbol periods for PSC1 and/or PSC2. In general, a larger smallest difference may
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[0066] The P-SCH described herein allows for detection of frame boundary, cell
group, and cyclic prefix length in the PSC detection stage. In the designs described
above, the frame boundary may be resolved by placing PSC1 and PSC2 such that the
distance from PSCI to PSC2 and the distance from PSC2 to the next PSC1 are different
in subframe granularity. The cell group may be resolved by placing PSC1 (or PSC2) in
different symbols of one subframe depending on the cell group and by placing PSC2 (or
PSCl) in a predetermined symbol of another subframe. The placement of PSC1 (or
PSC2) in different symbols allows for derivation of cell-specific channel estimates even
in a synchronized network. The cyclic prefix length may be resolved by placing PSC1
and PSC2 such that unique distances are obtained for different supported cyclic prefix
lengths. The frame boundary, cell group, and cyclic prefix length may also be resolved
with other non-uniform placements of the PSCs. A single PSC may be used for both
PSC1 and PSC2 to reduce PSC detection (e.g., matched filtering) complexity.
[0067] The SSC may be placed at a known time offset relative to PSC1 (or PSC2).
The location of the SSC would then be known after completing PSC detection. The
channel estimate obtained from PSC1 (or PSC2) may be used for coherent detection of
the SSC, which may improve SSC detection performance and reduce complexity. The

SSC may be cell specific and may convey cell ID or other information.

1. P-SCH and S-SCH sequences

[0068] Cell search may be relatively complex and may consume much battery
power for a handheld device. Low complexity and high detection performance are thus
desirable for both the P-SCH and S-SCH. Improved detection performance may be
achieved for the S-SCH by using the P-SCH as channel estimate. The P-SCH may then
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be designed to provide good channel estimation and frequency offset estimation
performance.

[0069] A P-SCH sequence is a synchronization sequence or code used to generate
the PSCs sent on the P-SCH. A P-SCH sequence may be selected based on various
considerations such as performance {e.g., in terms of timing search, frequency offset
correction, and channel estimation) and the operational (e.g., PSC detection)
complexity.

[0070] A P-SCH sequence may be defined based on a CAZAC (constant amplitude
zero auto-correlation) sequence. Some example CAZAC sequences include a Chu
sequence, a Frank sequence, a generalized chirp-like (GCL) sequence, a Golomb
sequence, P1, P3, P4 and Px sequences, ctc. CAZAC sequences can provide zero auto-
correlation, which is useful in accurately estimating the channel response and reducing
the amount of time for timing search. The GCL and Chu sequences may have
ambiguity between timing offset and frequency offset. The Frank sequence may have
degraded partial correlation performance. Partial correlation is correlation over a
portion of a sequence instead of the entire sequence.

[0071]  In one design, a P-SCH sequence is defined based on a generalized {(or

modulated) Frank sequence. A Frank sequence f(n) may be expressed as:

21 pn div L4 (rmod L+1)

fm)=¢ L , for n=0,..,1° -1, Eq (1)

where L7 is the length of the Frank sequence, and L and p may be any positive integer
values relatively prime of each other.

[0072] A generalized Frank sequence g(n) may then be derived as follows:

g(n)=f(n)x pn(n) , for n=0,..,1° -1, Eq (2)

where pn(n) is a pseudo-noise (PN) sequence of constant magnitude.

[0073]  To obtain good partial correlation performance, a base sequence of length L
having good auto-correlation property may be generated in any manner known in the
art. For example, the base sequence may be a Golay sequence, a Golay complementary

sequence, etc. The base sequence may be repeated L times and concatenated to
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general , acérarlél %n %Hg Ieln(c:é‘rsgty 9(')151];1%{11 nﬁ@rfo%nce. The repeated base sequence may
suppress multi-path interference, which may contribute to the improvement. After
timing and frequency offset correction, an accurate channel estimate may be obtained
(due to the CAZAC property of the Frank sequence) by performing full correlation with
the generalized Frank sequence.
[0075] In another design, a pair of P-SCH sequences p,(z#) and p,(n) of length 2L
may be defined based on Golay complementary sequences (GCS) of length L, as

follows:

p(n)=CP+A+B, and
p,(n)=CP+B+A , Eq (3)

where A and B are Golay complementary sequences from the same GCS pair, and CP is
the cyclic prefix. A Golay generator can generate one L-long segment from an upper
branch and another L-long segment from a lower branch. For example, P-SCH
sequences of length 64 (not countirig the cyclic prefix) may be generated with two
segments of 32-long Golay complementary sequences for A and B. P-SCH sequences
may also be generated based on hierarchical Golay complementary sequences, which
are Golay complementary sequences generated with hierarchical construction.

[0076] A UE may perform correlation on input samples with a PSC correlator to
obtain correlation results for both sequences A and B in each sample period and may
store the correlation results. In each sample period, the UE may combine the correlation
results obtained for sequences A and B in that sample period with the correlation results
obtained for sequences B and A in L sample periods earlier to obtain full correlation
results for concatenated sequences A+B and B+A. The UE may thus efficiently

perform full correlations for both A+B and B+A based on partial correlation results for
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PSC1 and p;(») may be used for PSC2 to indicate cyclic prefix length or some other

information.

[0080] The GCS pair may also be used for different cells in the system. The cells
may be arranged into groups. Each group may be assigned a different P-SCH sequence
(instead of the same P-SCH sequence for all cells), which may allow the UEs to derive
more accurate channel estimates based on the PSCs.

[0081] A P-SCH sequence may also be obtained by (e.g., exhaustively) searching
for synchronization sequences with low implementation complexity and good
correlation properties.

[0082]  An S-SCH sequence is a synchronization sequence or code used to generate
the SSC sent on the S-SCH. An S-SCH sequence may convey information such as cell

ID, the number of transmit antennas at a Node B, the system bandwidth, etc. Different
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IDs if only this information is sent on the S-SCH.

[0084] In another design, the S-SCH sequences are defined based on phase-
modulated pseudo-orthogonal sequences, which can exploit the channel estimate
obtained from the P-SCH. A set of pseudo-orthogonal sequences may be generated.
The phase angle of each symbol of a given pseudo-orthogonal sequence may be shifted
by the same amount based on a modulation scheme such as BPSK, QPSK, etc. The
number of hypotheses to be resolved by the pseudo-orthogonal sequences may be
reduced by 1/2 for BPSK, 1/4 for QPSK, or even more for modulation schemes of
higher order than QPSK.

[0085] FIG. 8§ shows a process 800 performed by a Node B to support cell search by
the UEs. First and second synchronization transmissions are generated based on a
synchronization sequence (block 812). The synchronization sequence may be derived
based on a CAZAC sequence, or a PN sequence, or both, e.g., as shown in equation (2).
The synchronization sequence may also be derived based on Golay complementary
sequences, €.g., as shown in equation (3) or (4). The first and second synchronization
transmissions may also be generated based on one of multiple cyclic prefix lengths.
The first synchronization transmission is sent in a first location of a frame (block 814).
The second synchronization transmission is sent in a second location of the frame
(block 816). A first distance between the first and second locations of the frame is

different from a second distance between the second location of the frame and the first
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first synchronization transmission and (b) the same symbol period for the second
synchronization transmission.

[0087] A third (or secondary) synchronization transmission may be sent in a third
location of the frame, with the third location being a predetermined offset from the first
location (block 818). For example, the first and third locations may be in adjacent
symbol periods. The third synchronization transmission may correspond to the SSC
sent on the S-SCH.

[0088] FIG. 9 shows an apparatus 900 supporting cell search by the UEs.
Apparatus 900 includes means for generating first and second synchronization
transmissions based on a synchronization sequence (module 912), means for sending the
first synchronization transmission in a first location of a frame (module 914), and means
for sending the second synchronization transmission in a second location of the frame
with a first distance between the first and second locations of the frame being different
from a second distance between the second location of the frame and the first location
of a next frame (module 916). Apparatus 900 further includes means for sending a third
synchronization transmission in a third location of the frame, with the third location
being a predetermined offset from the first location (module 918). Modules 912 to 918
may comprise processors, electronics devices, hardware devices, electronics
components, logical circuits, memories, etc., or any combination thereof.

[0089]  FIG. 10 shows a process 1000 performed by a UE for cell search. A first
synchronization transmission is received in a first location of a frame (block 1012), and
a second synchronization transmission is received in a second location of the frame

(block 1014). Detection is performed for the first and second synchronization



may be defined based on Golay conpl enentary sequences (GCS) of |ength
L, as folWQ&IONETn) = CP + A + B, and P2(n)= CP+ B+AP9'E{£{S%0§7’0%H e
A and B are Gol ay conpl enentary sequéhces fromthe sane GCS pair, and
CP is the cyclic prefix. A Golay generator can generate one L-I|ong
segnent from an upper branch and anot her L-l1ong segnent froma | ower
branch. For exanple, P-SCH sequences of |ength 64 (not counting the
cyclic prefix) may be generated with two segnents of 32-1ong ol ay

conpl enent ary sequences for and B. P-SCH s nces, my al so . be .
gener at od. DAL S arehb e Eotagle cBREEnTHiar I Leqincvachiapipetion
are Gol ay goRRhiEAnt &E}ﬁeﬁ&ﬂﬂé&ﬂﬁﬁ?ﬂﬂ%ﬁfe@yﬂ@hﬁ{zﬂti&i SdRESR GRIck 1016). A
construction. [0076]A TIE may perform correlation on input sanples

Wi t h a PSCficshdrsédnae betwieon dist fastendsecaiddotations of thetfsanficis dotstrhined based on
sequences A apd i.neach .sanmpl.e ri a st,ore the correl.ation
aaul te. | e s Aol SRR oS TS ay Reombn dN et oBef oPhc KO 5
resul ts obtpai nqd {AT SE4AHRYHRToMPERA & o dhatBAMistSRED L aREh HAE dWtdnbe WG,

correl ation®teslits bbtained for sequences B and A'in L sanple

periods earhk Sist i@tk 3 differtnt 166Y 4 §lcahd SRtaLESHtheel Bk seQnaabedh o the
sequences A+B and B+A. The HE may thus efficiently performfull

corr el at i ofigmeomdhibe Hirgt+Beativg E+Anpesisamon Feablackl 106y inpuhsiraples may be

0 use ¢ RETEBPRGRAR: BF REEHELPARY AR o, Refeph 20% di B, o, o

result for sghdhuniAtioh h@fdhissian®| Thfifst aflé s@whll ilGdatibis May elidi teeddtditnined
phase difference between the two segnents. The UE may use this phase

di f f er encebpwsd ondhe eogrelgticagaaey error estimation. [0077] Either pi(n)

e Sent vi PANE b Yol PRE IR RTRRE B e oot LOAIT L et
cyclic prebhxhd emgichdistanct P (bickni@0heAugedp bb cabidentifitrorfgr £ yell sending
Dl X Lo e bl ! HETEe 35eiSSd b2 on he
first distance, e.g., based on the fine distance ATr (block 1022). A cyclic prefix length
may also be determined based on the first distance (block 1024). Blocks 1020, 1022

and 1024 may be performed based solely on the first distance. Alternatively, the second
distance may also be determined and used in blocks 1020, 1022 and 1024, which may
reduce error.

[0091] A third synchronization transmission may be received in a third location of
the frame, with the third location being a predetermined offset from the first location
(block 1026). A channel estimate may be derived based on the first synchronization
transmission (block 1028). Coherent detection of the third synchronization transmission
may be performed based on the channel estimate (block 1030). Correlation for the third
synchronization transmission may be performed based on the group of cell IDs
determined by the first distance to obtain a cell ID for the cell sending the
synchronization transmissions (block 1032).

[0092]  FIG. 11 shows an apparatus 1100 for performing cell search. Apparatus
1100 includes means for receiving a first synchronization transmission in a first location
of a frame (module 1112), means for receiving a second synchronization transmission in
a second location of the frame (module 1114), means for performing detection for the

first and second synchronization transmissions (module 1116), and means for



i nformati on may be conveyed via the two PSCs through the choice of pl
(n) and/ 8YOpAI8OHKIBSS [ 0078] Al ternatively, a pair of P-SCHSEYSEHzEW11L
p(n) and p(n) of length L may be def izged based on Gol ay conpl enentary
sequences of length L, as follows: p(n)= CP + A, and A(n)= CP + B
.Eq (4) [0079] Either M) or p(n) may be used for each PSC in a radio
frame depending on one bit of information to be sent via the PSCs.
For exanple, pc(n) may be used for PSClL and p2' (n) may be used for

[0680] The CESTHAINE 48yt GPBeabery Gt G a7 PoBRIo LR e TRB based on
system TN« b tERei(fiof WARIRE it LR g B TRIP WBORistance

assigned a different P-SCH sequence (inste the same P-SCH
sequence f betwabh theedebald lovdtioniofithy frank and thefitsEcattondef 4 vext fmme (module

cccurat e ChRI \SSATR D B2REY QNN ERTh SOORHA BrSPt RRtE e
synchroni zgh itlﬁ‘ﬁr%?&ib‘l@ﬁ@ﬂ{?nd@ulé"l 129 _ﬂ1é"%ls Foredek@hiifiRg & QRpoficeM 18 EordoR4
correlation properties. [0082] An SCH sequence iS a synchroni zation
sequence ofenslingethgsost angl gpe syrehronization transmissions based on the first distance
(module 1122), and means for determining a cyclic prefix length based on the first
distance (module 1124).
[0093]  Apparatus 1100 further includes means for receiving a third synchronization
transmission in a third location of the frame, with the third location being a
predetermined offset from the first location (module 1126), means for deriving a
channel estimate based on the first synchronization transmission (module 1128), means
for performing coherent detection of the third synchronization transmission based on the
channel estimate (module 1130), and means for performing correlation for the third
synchronization transmission based on the group of cell IDs determined by the first
distance to obtain a cell ID for the cell sending the synchronization transmissions
{module 1132). Modules 1112 to 1132 may comprise processors, electronics devices,
hardware devices, electronics components, logical circuits, memories, etc., or any
combination thereof.
[0094] FIG. 12 shows a process 1200 performed by a UE for cell search in a
synchronized network. A primary synchronization transmission is received from a first
cell in a first location of a frame, with the first location being non-overlapping with at
least one other location used for at least one other primary synchronization transmission
sent by at least one neighboring cell in the synchronized network (block 1212). A
secondary synchronization transmission is received from the first cell in a second
location of the frame (block 1214). A channel estimate for the first cell is derived based
on the primary synchronization received from the first cell (block 1216). Coherent
detection of the secondary synchronization transmission received from the first cell is
performed based on the channel estimate (block 1218). Primary synchronization
transmissions may also be received from the first cell and the at least one neighboring
cell in a third location of the frame. The primary synchronization transmissions that are

overlapping among neighboring cells in the synchronized network may be used to



the SSC sent on the S-SCH. An S-SCH sequence may convey information
such as CEPPROBBI2%Re nunber of transnmit antennas at a NBEEUB007/(9111
system bandwi dth, etc. Different WD2%2008/042865PCT/ US2007/ 080111 20
S- SCH sequences nay be defined for different possible cell 1Ds, one
S- SCH sequence for each cell 1D For SSC detection, the input sanples
may be correlated with different S-SCH sequences corresponding to
different cell 1D hypotheses. [0083]In one desi gn, the S-SCH
sequences are defined. bas d on _ort hogon seudo or.t hogon

sequences WRRVS TesrRjions Of e, @rimapy "3y P@a 10R AR or & h%g%%‘flry
sequences ERChRHIAEDE rtr%h%ls‘é‘ibhi‘ tHp %ré’ﬁoﬁfB{}@rlaBﬁﬁl% éﬂ%ﬂ&o gl%éo%ili}g cells may
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pseudo- or t hoEPRRludSS HEBREC RS rbdditiRg a PRimaTR Yy RArGEE LI RS REBAdrddm at it
nunber of possibl e hypotheses for infornation sent on the S-SCH,
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sent on th 411 n_a her h ne
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can expl oi geriths atheermahe fsighbarig el @hotite ﬂzm)) ﬁb@mﬁ‘oﬁ%ﬂ;ew%@ etse@ndary
pseudo- ort hogonal sequences may be g@ner ated. The phase angl e of each

synbol of ayrgﬁhwaﬁgwww&svfwgﬁﬁm f68 iAay Sﬁ@r@hlwﬁw Y thedrame
same amouniy, Ci3‘i’ O&g?‘f&a&érﬁﬁneggﬁ%ﬂﬁ%&% g@o o ﬁQ‘E’%éll 185 onl R

nunber of y ese e reso ogona

sequences prabe symxlixm'ﬂ:zhtiby rbéé{vécblfroBPBié ﬁﬂs/r Zbeﬂc(mc@ﬁKl?,Iﬂ) end maans dor
for nmodul ati gqn schenes of . hi gher _order than 11[lOO8 FIG 8 shows
a process BeEOHURE Gehrtentlptecting of the ﬁ%?og@ﬁabmc ization fFaogmissionyygceived

UEs. First ppthhaerandi tuaahont %ﬁéﬂn@[‘ﬁtocﬁégﬂl&%ﬂ@_r 1897 MIGARNEN31 e, 1318

based on a synchroni zation sequence ( e’synchroni zat1 on
sequence nmgayb e:ompnsv e préxases, o relatrONEAC dsdgese nderdvare ad@hcasse galectraics

bot h, t 2). Th N t
may al 86 bETAEP PSS NRACL BT R P e R ahant vy B hReel e g ag

shown in eqepdiel on K1}, 19 shodk -2 Dib&k &ﬂa%ﬁ Md@@@%ﬁﬂﬁd@hfﬂnlﬁathE 120,
as

transm ssions nmay al so be generated ed on one of nultiple cyclic
prefix | engtich argigae pf thetNederRsundnVEsin J. tlr absNodesB dA0, astranspmt ﬁTﬁ()alata

first | ocatijon. of b} o n hro

transm oo BrosRt 1810 pRTESEDISE Criadds im0 P80 AR RS AR} fac dhia ang
first distapagatbetiyeepmbbie. fPlr(chebsoﬁmdl@QEO@@nér@t@ﬁEﬂgﬁﬂmgCﬁyrﬁHm floe anErhesl
different froma second di stance between the second | ocation of the

frame and chanelsy &g, ho Boddl oudsdSodl) usbodey sgohals for a pilot channel. A

modulator 1420 processes the data, signaling, and pilot symbols as specified by the
system and provides output chips. Modulator 1420 may perform modulation for
OFDM, SC-FDM, CDMA, etc. A transmitter (TMTR) 1422 processes (e.g., converts to
analog, amplifies, filters, and frequency upconverts) the output chips and generates a
downlink signal, which is transmitted via an antenna 1424.

[0097] At UE 120, an antenna 1452 receives downlink signals from Node B 110 and
other Node Bs and provides a received signal. A receiver (RCVR) 1454 conditions
(e.g., filters, amplifies, frequency downconverts, and digitizes) the received signal and
provides input samples. A synchronization (Sync) processor 1460 performs detection
for the P-SCH and S-SCH based on the input samples and provides detected Node Bs or
cells. Processor 1460 may derive a channel estimate for each detected Node B based on

its PSC and perform coherent detection of the SSC with the channel estimate. Processor



21 location of a next franme. The first and second synchroni zation
transnmi sWQRAYVSWAIBZor r espond to the PSCs sent on the P-BEHUSIHHWHhe
frame may conprise nmultiple subfrane®’ and the first and second

| ocations may be in different subframes of the franme. The first

| ocation may be in a subframe at the start of the frane, and the
second | ocation may be in a subfrane nearest to, but not at, the

m ddl e of the frame. A first nunber of subfranes corresponding to the

first distance may be different froma second nunher of subfra
corr espondﬂﬁéo FRYtHevide YBHOUSYE et OTEREiAN SHER AR MEMTRPUBSHH pebID, and

multiple s I i . Pl ups (Pgﬁ’

assoc!oat edx&?g r?‘% legg@ffgggﬁh%it/%eglﬁ%%?’o%sd%?ﬁﬁég i rso'ItEE1 ¥4’Rﬁprocesses
synchr oni z étel imput samses basedronathe igfoymatien Siame sgynjiokesper 1460 fwt alshen a
second synchroni zati pn transm ssion. [0087] A thj r,.secondar

comonon) TSPRRY EranimealinrS I plccke Y makidy T4aE i oRPar kygbol
frame, wt hi t } | fose
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| ocat i ons deiptepleaves, adfl adssndess ythb alymbel iestimateT rraadt piovtles decoded data and
synchroni zation transm ssi.,on may correspond, o .t S t_on the
2 2o T oo isneing "G EbRE il R E R BR 0 el 1470 R RS Rl 1472
the UEs. AppasiplemeNan, itheY8sessiBADS hedulenest kid T tsh ppestssrcand,
synchroni zation transm ssi ons based on a synchroni zati on sequence

(modul e 9129spectivalysat¥edsBidfng the first synchronization
transm ssi gﬁl}dﬁg a é&l{tgotllglgls(?crﬁéésg&s 0143‘6 fa@é‘”ﬁédf%ﬂ%&e t]?elé%eraﬁgg n? Yfous

for sendin secon Foni zation transm sSSion in seco

| ocati on obrdcassifyg anits at tNode Bi 1 50 add SUBNLH), hegpsetively hePiocessor 4030 may
second |l ocations of the frame being different froma second, di stance
bet ween t h&MBIEBEAEPIOSes8t§MmIFIG: §eand/ar atherRyosaseesttosupperh eelt pesschopy the

next frane r Eo{ I
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t he frane, petfoim tchid stdrch do Koteett fooNdelei Byg Mqmaeritat €381 anddl 482 fss@t dataoand

the first location,( I . S 912 to, 918 may conprise
processor SPT%T@BFPQWI%&H%@%]S@,MM@ LeSREVEls, el ect roni cs
conponent s (5%695?2' CathCleIHinic debE@fRl heRin BhF be irﬁﬁleﬁ@ﬂte&ﬁ?bhﬁ'?ls'r}@éhns. For

thereof [O | G. 10 shows a process 1000 perforned by a TIE for
cel | sear clxamplej these tghnihuesnnanbe émplemented: indiasdwirs, fimewireespliwarg or a
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synchroni zatron W) 2008/ 042865PCT/ US2007/ 080111 o ) )
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, electronic
devices, other electronic units designed to perform the functions described herein, a
computer, or a combination thereof.
[00100] For a firmware and/or software implementation, the techniques may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The firmware and/or software codes may be stored in a
memory (e.g., memory 1432 or 1482 in FIG. 14) and executed by a processor (e.g.,
processor 1430 or 1480). The memory may be implemented within the processor or
external to the processor.

[00101] 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



22 transm ssions, e.g., based on a single matched filter if the two
synchr oni¥@ 98443863 nsni ssi ons are generated with the sakgl/US2007/080111
synchroni zati on sequence (bl ock 1016)2% A first di stance between the
first and second | ocations of the frame is determ ned based on
results of the detection (block 1018). The first distance may be
given as TDI = Tcl + AT and may be conposed of a coarse di stance Tci
and a fine distance ATF. The first distance is different froma
second di st e between the second |ocation of the frane and.the

T ot 1 ocabibheaRel ghperant davdospokiley gt ey prfeend g geni BBk lgs dofiped
cor rel at ed hWetPmb{P®e %g?ﬁé&' RVRALRHSRMERGS d%gaﬂﬁ% o firsptieorfsbdsd of
and second synchroni zation transm ssions. The Tirst and second

| ocati ons theydistlesurbe Tatsertind disdlobasead ron itfeadebta bt dinited toethel examples
[ 0090] Fra boundary. b et erm.n based on the first .di stance
o) bacedeSURh Bt P S i B8 kiR the BRER 2Bas S5usisénd i, B PHGintes
i denti fiergnd Rbved f&@liks §i8N84caTetdng first and second synchroni zation
transm ssions may al so be determ ned based on the first distance,
e.g., based on the fine distance ATF (block 1022). A cyclic prefix

| ength may al so be determ ned based on the first distance (bl ock
1024). Bl ocks 1020, 1022 and 1024 may be perforned based solely on
the first distance. Alternatively, the second distance may al so be
determ ned and used in blocks 1020, 1022 and 1024, which may reduce
error. [0091]A third synchronization transm ssion may be received in
a third location of the frane, with the third | ocation being a
predeterm ned offset fromthe first |location (block 1026). A channel
estimate may be derived based on the first synchronization

transm ssion (bl ock 1028). Coherent detection of the third
synchroni zati on transm ssion may be perfornmed based on the channel
estimate (bl ock 1030). Correlation for the third synchronization
transm ssion may be perforned based on the group of cell IDs

determ ned by the first distance to obtain a cell ID for the cel
sendi ng the synchroni zati on transm ssions (block 1032). [0092]FIG 11
shows an apparatus 1100 for perform ng cell search. Apparatus 1100

i ncl udes neans for receiving a first synchronization transm ssion in
a first location of a franme (nodule 1112), neans for receiving a
second synchroni zation transm ssion in a second |ocation of the frane
(rmodul e 1114), means for performng detection for the first and
second synchroni zation transm ssions (nodule 1116), and neans for WO
2008/ 042865PCT/ US2007/ 080111 23 determning a first distance between
the first and second | ocations of the franme based on results of the
detection, with the first distance being different froma second

di stance between the second | ocation of the frame and the first

| ocation of a next frame (nodule 1118). Apparatus 1100 furt her

i ncl udes neans for determ ning frane boundary based on the first

di stance (nodule 1120), neans for determ ning a group of cell 1Ds for
a cell sending the first and second synchroni zation transm ssions
based on the first distance (nodule 1122), and neans for determ ning
a cyclic prefix length based on the first distance (nodule 1124).

[ 00931Apparatus 1100 further includes neans for receiving a third
synchroni zati on



transmssion in a third |ocation of the frane, with the third

| 6cation being a predeterm ned offset fromthe first |ocation (nodule
1126), nmeans for deriving a channel estimte based on the first
synchroni zation transm ssion (nmodul e 1128), neans for perform ng
coherent detection of the third synchronization transm ssion based on
t he channel estimate (nodule 1130), and neans for perform ng
correlation for the third synchronizatign transm ssion based on the
group of cell IDs determined by the first distance to obtain a cel

ID for the cell sending the synchronization transm ssions (nodul e
1132). Modules 1112 to 1132 may conpgSgny ocessors, el ectronics

devi ces, hardware devices, electronics conponents, logical circuits,
menories, etc., or any conbination thereof. [0094] FIG 12 shows a
process 1200 penfoppB@nl¥omplfin.or cell search in a synchronized
network. A primary synchronization transm ssion is received froma
first cell in aprpeassar chplégiredie sond afitst aynshronization tiensmission, ¢aepiisingrm
bei ng non: I i i t.le (o] i r at

| east onemgﬁﬁgfﬁgﬁhﬁggy%ég%c FU%?@%Oﬁﬁﬁnﬁﬁgﬁ%ﬁ#géﬁﬁhgggﬁ §%§&§t | east
one nei ghdyathmgizaenl tranemtskien sopnphismg itz net warckrdnidadok cdd2] 2y a sédond
secondarylgénchrq?gzation transm ssion is received fromthe first

cell in a°SHO8REMEdEAMS on of the frame (bl ock 1214). A channel
estimate for tgréihbFest@didnct BeiRbh MRHirRARE dec@Rd Ide8tidHs oM BHeMrame is
synchroni zation received fromthe first cell (block 1216). Coherent
det ect i ondiffprephisons esesnidrdjstangn bptivsan thastend lecatemdisibe Game aaéthgdistf r om
the first i r ti mte (block
1218). Pﬁf%gkbcggﬁglﬂﬁﬁégﬁﬁ%ﬁ§ﬁggﬁ§ﬁ$ggf§ﬂ%Qﬂ§%“§'so be received
fromthe first cell and the at |east one neighboring cell inathird

| ocation of t rane. The, primary synchroni zatian transm ssio t hat
or o over | appi 1 TARGRGTHE CHUUM o eRT G ameR B mep RS DR ST AR,
may be useRkrtin thd¥Rs2ROR(MA2 BOSRGTAUEARA0 B AR Ak, 24 WHRERR: §86RPbEARN
of the primary synchronization transm ssion. The primary )
synchr oni i t # grsod abdigme f ghesiranp thefirat an8 second srilmmasgoanpapding to any
nei ghbori Qg &&hd lf'mq%%’ &%ub’@ﬁﬂestif?ﬂ%eﬂﬁé? cel | -speci fic channel

F

estimates. [0095 13 shows an apparatus 1300 for perform ng cel
search. Apparatus 1300 includes neans for receiving a primary

synchroni zat i ransm.ssion .froma firs ell.ina first_.location,qgf
e i th oy et AR TS oTeirh Moo R S St e P e B e e
one ot herset@iubfamb $atkafedl todit h@ashidINE AOREMEr | Mary

synchroni zati on transm ssion sent by at |east one neighboring cel
(nodul e 1312), neans for receiving a secondary synchroni zation

transm ssion f ' eld '

(modul e 130) ok BARFLLS G, sy SREEREORTLARRED cbBopldiFio the
cel | baselarsotistaire ipdifiseany fromrecierami ratticoof subfrenvecbrfespmdinygo thersstond
cel l (nnq¥&%K%316), and neans for perform ng coherent detection of

t he secondary synchroni zation transm ssion received fromthe first
cell based on the channel estimate (nodule 1318). Mdules 1312 to
1318 may conprjse processors, electronics devices, hardware devices,
el ectroni cs cohpoheprasatuy efglaian 2, whegein ¢ Blurakibneh grawps adeell idepiifigyn (IDs) are
conbi nati j : L gn
of 2 Node D10 ange U PRREEEL et B aRinuR e SRR T BRL 0T
FIG 1. Apcatodeomesponds tg ong ahhmipturdliiXpf gattel perowle sisthe fitst 50bfrmocesses
(e.g., encodes, interleaves, and synbol maps) traffic data and
generates data synbols. Processor 1410 al so generates signaling
synbol s for overhead channels (e.g., the P-SCH and S-SCH) and pil ot
synbols for a pilot channel. A nodul ator 1420 processes the data,
signaling, and pilot synbols as specified by the system and provides



WD 2008/ 042865PCT/ US2007/ 080111 25 1460 may provi de various types of

i nformation such as frane boundary, cell 1D, and cyclic prefix length
for each detected Node B. A denodul ator (Denod) 1470 processes the

i nput sanpl es based on the information fromsync processor 1460 and
al so in a manner conplenentary to the processing by nodul ator 1420 to
obtain synbol estimates. A receive (RX) data processor 1472 processes
(e.g., synbol denmaps, deinterleaves, ang decodes) the synbo

estimates and provi des decoded data and signaling. In general, the
processing by @m%ﬂa?attﬁ)sr of ket ) ﬁ%er@ﬁ ﬂ@gﬁ)cwsglc@%&%%&éd?t% eRrmine a
conplenentary to the processing by nodul ator 1420 and TX data

pr ocessorsymbeDperioddp thetfirsteshihirame foxeiaefir® syhchronization transmission based on a

0098] Cong r o ) er s/ 43 1480 di he. ion of
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Processor 1430 may i nplenment process 800 in FIG 8 and/or other
processes to s ort cell s?arch Ey th LE?.,Pr cessor_ 1480 may .

i npl enent  pr ocled §¢ ARFAITOIEIAN ) F/EkeH) BF P %yoggraa%%%fégllélawérawmed
cel | seargim & Bred@b@Ghed §mBN0B&i RS NBIBSIEEL 1432, and 1482 store data
and program codes for Node B 110 and UE 120, respectively. [0099] The
t echni ques descri bed herein may be inplenented by various neans. For

exanpl e, thes i €.l e i r e Tl ne,
cof taar e, or o dSGARRERE i C RS IR bl R i ST

t he procegssiodg andivhsreat thanuabdriof gyroBol@eriods dvadspobBdiag t@athErstisyandeis one
i npl enented within_one.or nore applicatio ecific integrated
circuits %&@W@Qty Oép@ﬁbg? “%‘Féﬁf%l? %Ft?@ggf’wﬂéi?ﬁ@vélﬂ digiapger al  si gnal
processi ng devi ces (DSPDs), programrable |ogic devices (PLDs), field
programmabl e gate arrays (FPGAs), processors, controllers,

m cr o- cont r ol %14 apratgteeicdesl whered] the prasedser ideoifigised totgangrate the first
el ectroni ' (el . f ' escri bed herein,
2 compur & 4B s ARER b B RSB s B R SEATE: SRR
sof t war e hangal @naitast orerof atGreZA € (tunisgnesnpibydeberd aund-esresiitem) védubnee, a

nodul es (e.qg,, pro ures, functions, and so o that performthe
funct | ondepdieeRisdfsrERiee. Thalm raiars saf AEORYSOmPlaRB Ao ey be
stored in a nenory (e.g., nenory 1432 or 1482 in FIG 14) and
executed by a processor (e.g., processor 1430 or 1480). The nmenory
may be i npl emeft &b WPekiys of gleip lowbersgrthoproessserinednfigyredie gpreste wdirst

00101] T, [ L P ' - .OV] t
cnabl e ary feraas R Tagor et flsins biaThaat B ot Co RN KR el

Various nodifications to the disclosure WO

2008/ 042865PCT/ 007/080111 26 wi |l be readily .a ent, to those
skilled in the 'aft ap&ﬁla‘?%s : “Ganér Y"E“B'Pith“c?fﬁFﬁégfd%F?pf&I@&feﬂé? S AR pe
appl i ed tsyneirb€zatioalidadérhioflon W 4 thadlocdenast the &aib AR YR 16RkBh beilh a
scope of the disclosure. Thus, the disclosure is not intended to be

limted ﬂ%akﬁéméﬁaﬁﬁﬁgéhﬂ@Q@ﬁhﬁé@mﬁé%ein but is to be accorded the
wi dest scope consistent with the principles and novel features
di scl osed herein.

12. The apparatus of claim 11, wherein the first and third locations are in adjacent

symbol periods.

13. The apparatus of claim 1, wherein the processor is configured to send the first and

second synchronization transmissions on a primary synchronization channel (P-SCH).



27 CLAI M5 1. An apparatus conprising: a processor
configured to send a first synchronization transm ssion, conprising a
primary synchroni zation code, in a first location of a frane, and to
send a second synchroni zation transm ssion, conprising the primary
synchroni zati on code, in a second |ocation of the frane,

wherein a first distance between the first and second | ocations of
the frame is different froma second dphstance between the second

| ocation of the frane and the first location of a next frame; and a
Memory coupl ed 4t gpd abn RO RGh 11 w erem e pr;meb (ﬁ'@?@orn?itg d% se(flld%ltl]e%flrd
wherein the frane ¢ rises a plurall ?rmms rein the
first | ocat¢hvonieaionraasrhissist os abéaoadm;z sjfnchhmzfanammanaﬂ({SV\&@Hpi n the
second location is in a second subframe of the frane, the first and
second subfranmes corresponding to any two of the plurality of
subframes in tiseAhmpp@atus comprisics: The apparatus of claim2, wherein
the first subframe I1s at_start of the franme and the second subfranme

i s nearest to dRipceswyr canfigiedpsensta igbpipapsynchronization codq @ Sepparat us
of claim f. f

P ot o b L o PUTDSC S4B IAES, G EE3PORIAA b L
correspo rﬁﬁ(h@p the Pr¥ldiee mmndiicsatammf the frame, wl@relﬂ' hérs distana¢ betweén the
claim 2, ality o i de rs. (1Ds) are
scoct at dlfinds P ekl o e B fBesgh 2 recORREiseh L fenbondytpe gt
and wher e[bdfhtibh ef fhierfRind adalkd it oedtioaPe Iﬂéﬁt fhapneQind »ﬂferdnlil therodeddol tsy  Of
symbol periods in the first subfrane. he appar at us of
claim 5, t{'r\H%ffréP igyses (orcoRERyshYClie P@@ﬁfl‘?r@ﬁ’r ing e aés@ é?SWPFeaIH‘ thg pasend
period inyifthRefddast subframe for the first synchronization

transnissi on based on a group of cell IDs for a cell sending the
first and secanemgmchvped oahe processansni ssi ons. 7. The
apparatus of claim5, wherein the plurality of groups of cell IDs are

associated with a predeterm ned synbol period in the second sub
frame. [6. A method comprising:

sending a first synchronization transmission, comprising a primary synchronization
code, in a first location of a frame; and

sending a second synchronization transmission, comprising the primary
synchronization code, in a second location of the frame,

wherein a first distance between the first and second locations of the frame is
different from a second distance between the second location of the frame and the first

location of a next frame.

17. The method of claim 16, wherein the frame comprises a plurality of subframes,
and wherein a first number of subframes corresponding te the first distance is different from

a second number of subframes corresponding to the second distance.

18. The method of claim 17, wherein each subframe comprises a plurality of symbol
periods, and wherein the number of symbol periods corresponding to the first distance is one

of a plurality of possible numbers of symbol periods for the first distance.



8. The apparatus of claim1, wherein the frame conprises a plurality
of synbol periods, and wherein the nunber of synbol periods
corresponding to the first distance is one of a plurality of possible
nunbers of synbol periods for the first distance. 9. The
apparatus of claim11l, wherein the processor is configured to generate
the first and second synchroni zation transm ssions based on a
synchroni zati on sequence derived basedign at |east one of a CAZAC
(constant anplitude zero auto-correlation) sequence, a pseudo-noise
(PN) sequence, a CGolay sequence, and a CGol ay conpl enentary seqguence.
10. The apparatus of claim 1, wherein the processor is configured to
generate t he fli% Ske madiod eEdnian $§vdigreoma phurdlionof gramssmifssil alestifiers Edspare
one of ' yel i refix lLengths. . 1..The ar at us of
o m 1 ieePLed S b OL S B R myriodfor B SO RRA

synchr oni tzatmsgioh f zad svhicgsh tie athal fulthérdtohpeigdst on of the frane, the
third location.being a predefermned offset fromthe first |ocation.
12. The Hf5FEM4HES? itk aFfrWdi%P,f UGSy REHE G2 R SESRIEHIOh paRed Pibe B39 95
are in adjeaqBsForaRNbnddey theFpst and second shAchrdhBa®RRAMSMGioRE ¢l ai m 1,
wherein the processor is configured to send the first and second
synchroni zati on transm ssions on a primary synchroni zati on channel
(P-SCH). 29 I ). al, in.the ..
brocessor 15 dSnfteyarhae P RPRSRIN el LSk r Hization

t ransm sdransmosion irsethirdacayios yhithh fiamezit ildnl lobaineking3-pr&tdrmined offset
15. An appar at onpri sing: a processor configured to send a
first prﬁﬁﬁ?gwgéﬂgﬂgﬁﬁpzation code (PSC) on a primary synchronization
channel (P-SCH) in a first |location of a frame, and to send a second
PSC on the P-SCH in a second |ocation of the frane, wherein a first

di st ance bet weenAfEBPFFHSEORRIEFINZacond | ocations of the frame is
different [t omdandreQllt ShAPGHABHURRM dACnASERANARCALL Al t he
frame and the tfirst l[ocation of" a next trane an erei n et e

pr ocessorsyi¢hrénizationcodsmf a fust bdation aarfeaye; ancyclic prefix | ength
using the fir§&%géﬁﬁance and tQF second di stance;, and a nenory .

coupl ed to t h&"BPHBLSeK|ing a second sypghroniZahanesy st Sompgising the primary
sendi ng ayiidht@tizaipnebdd i Z adcbRdlobhtdASITiESkMRe, COMprising a primry

synchronizatioqlcode, in a first location of a franme; and
wherein a first distance between the first and second locations of the frame is

different from a second distance between the second location of the frame and the first

location of a next frame.

22. The apparatus of claim 21, wherein a plurality of groups of cell identifiers (1Ds)
are associated with a plurality of possible symbol periods for the first synchronization
transmission, and wherein the apparatus further comprises: means for determining a symbol
period for the first synchronization transmission based on a group of cell IDs for a cell

sending the first and second synchronization transmissions.

23. The apparatus of claim 21, further comprising: means for sending a third
synchronization transmission in a third location of the frame, the third location being a

predetermined offset from the first location.



sendi ng a second synchroni zation transm ssion, conprising the primary
synchroni zati on code, in a second |ocation of the frane,

wherein a first distance between the first and second | ocati ons of
the frane is different froma second di stance between the second

| ocation of the frane and the first |ocation of a next frane.

17. The method of claim 16, wherein the frame conprises a plurality
of subframes, and wherein a first nunbegq of subfranes corresponding
to the first distance is different froma second nunber of subfranes
correspondi ng 4,04t . j : o :|-al.m
O whorein aad AR pREeSaatle keaffinelyding inuulfbns KELITRLAGE Shngffifk
and wher ei n t hdirsiuniieiction set Yorzehdipea ficd syrcbrongspangansquigsent benfrisirgta

di stance is one of a.pl.uraljty o ossi bl unber s, of symbol periods
for the. ATy SrhugRizBlin Sl th Hrs g Hogafa BAFREHR, ' P4l 16!
wherei n a pl uraaktdnd igdirgfiouRs f&fselﬁﬂlh%a kedemd §yncBosizhtidastranamésion,

associated with a plurality of possible synbol periods for the first
synchr oni PEWFSHS theaniinry syishronssdonpriceint serendieeaion of thedfrsre,
conpri ses: detaialinh igs: 3isBHEDBLBEY 10%:d Ghq Land | T ST synchr oni zati on
transm ssion based on a group of cell [Ds tfor a cell sending the
first andosgivone by freme enditfatenolnomn rapcmi slisitamas between the s@®nd Thvetioretfitbel
of claimJlg rt her. conprising.. sending a third synchronization

t ransni szlil'ebn’he %nlrfl!l tge ﬁ'ﬁslt f(’aﬁ]ro" coztltair%ﬁt %fm?'he frame, the third location
being a predeterm ned offset fromthe first |ocation. 21. An

appar atus conpr.i sj ng: ans for sending a first synchroni zation
transm ssi on, zéo%g%?wrée#EWVIWﬁEﬂ?@h?‘gafW% ceRpp@sing: @ third j ¢ st

l'ocati on prRtibk & %or sBfing a third FBEHISniERlon 3GAGHBLoRinSEGRAWcation of the
synchroni zation transm ssion, conprising the primary synchroni zati on

code, i n Tamne#hsribird meationoreing a priedeténingsl offset from wivefitef lacationi r st
di stance between the first and second | ocations of the frane is
different froma second di stance between the second | ocation of the

frame and the 26i Astppoatat compridinga next frame. 22. The
apparatus of claim 21, erejn ae‘%il urality of groups of, cell .
i dentifiers (IABE§CCSI08 CAULHETHPLAreWeRH IS SHNEIraization SrangBisEph|campyisins

periods fRimdrPeydchohtzaBNNEdHeOM Z@H 108htioh P8 MamS] BReceRt) hGIHEI N the
apparatus further conprises: means for determning a synbol period

for the fipEorigationtsnimissipbromprpisgihegriory swebiroizatiorasiep ind secend
(D5 T or 80GRbh oPRRTHARR, lferioldd bieBRSh BPAHR M WA SROARLARA A ation

transm ssi
transmissions, and to determine a first distance between the first and second locations of the

frame, the first distance being different from a second distance between the second location
of the frame and the first location.of a next frame;.and... . ... ... .. . ..

a memory coupled to the processor.

27. The apparatus of claim 26, wherein the processor is configured to correlate input
samples with a synchronization sequence to detect for the first and second synchronization

transmissions, and to determine the first and second locations based on correlation results.



23. The apparatus of claim 21, further conprising: neans for sending
a third synchronization transmssion in a third | ocation of the
frame, the third | ocation being a predeterm ned offset fromthe first
| ocation. 31 24. A conput er-readabl e medi um i ncl udi ng
instructions stored thereon, conprising: a first instruction set for
sending a first synchronization transm ssion, conprising a primary
synchroni zation code, in a first locatizn of a frane; and a second
instruction set for sending a second synchronization transm ssion,
conpri sing t he)gTh&BEr2Yd FY AR 2624hQBinGRISrocdstords QAR IO paldan of
the franme, wherein a first distance between the first "and second

| ocat i onscopfelatine ferthgrBrst andijeponsrynehrenization trngniasiont kosetherea Haglomwiched
the secongyl.ocation of the frame and the first location of a next
frame. " 25. The conput er-readabl e nedi um of claim 24, further
conprising: a third instruction set for sending a third

synchroni zati g ansm ssion, i.n third |ocation of the frame, the
third locati or#boter’;‘%appé“%‘ﬂ%‘&{él%aé?’r%%né’gﬁﬂt PrOPTSETh F\‘é’fr\‘]%“@tm He‘c‘)té%ﬁlf’%n.
26. An appah@bsmdsi9asddSdnge first distande. Pr ocessor configured to receive
a first synchronization transm ssion, conprising a primary

synchroni zation code, in a first location of a frane, to receive a

second synchr ofy i r }: $Sj-0 i t. i mar .
synohront zat1 o euuRrkb SR B RTRE bSOl dcteruine
det ect i ongrbay of dedl ifléntisiersafhda secwnding yiredivstant 2adond syrchamsaatiss iremsnisséond
to determine,a first distance between the first and second | ocati ons
of the fred O e T#tA¥aGF st ance being different froma second

di stance between the second | ocation of the frame and the first

| ocation of a next frane, and a nmenory coupled to the processor..

27. The appar atludheprrarapseizéimgeeberaintharioeeseeds spnijgyreddnfiptguniagat o
correl at e, ; C ! i 40 N
The. T11 st angP A E ety 8 Bl SO B g b e SRR A s s
t he fi rstbasedosthedmst distanae.i ons based on correlation results. 32

28. The apparatus of claim 26, wherein the processor is configured to
performcorrelation for the first and second synchroni zati on

transm ssi ons 33a38é agparatusSéMmolia JepivE&e the ploBdssor is configured to receive a third
synchronization transmission in a third location of the frame, the third location being a

predetermined offset from the first location.

33. The apparatus of claim 32, wherein the processor is configured to derive a
channel estimate based on the first synchronization transmission and to perform coherent

detection of the third synchronization transmission based on the channel estimate.

34. The apparatus of claim 32, wherein the processor is configured to determine a
group of cell identifiers based on the first distance and to perform correlation for the third
synchronization transmission based on the group cell identifiers to obtain a cell identifier for

a cell sending the first, second and third synchronization transmissions.

35. A method comprising:



29. The apparatus of claim 26, wherein the processor is configured to

determ ne franme boundary based on the first distance. 30. The
apparatus of claim 26, wherein the processor is configured to
determ ne a group of cell identifiers for a cell sending the first

and second synchroni zation transm ssions based on the first distance.
31. The apparatus of claim 26, wherein the processor is configured to
determ ne a cyclic prefix length used I3g a cell sending the first and
second synchroni zati on transm ssions based on the first distance.

32. The appar akstsviRf a GkalsicRfonia6 Bhmknti RRnDEQRBEHY a pEm&EIRL AR LLR
receive a third synchronization transmssion in a third | ocation of

t he framecodghe attiiftrlecafioe af ¢ GamBei ng a predetermi ned offset fromthe

first |ocati i : felaim 32, in.th
processor i & osor 1 BR s opd EPRORALBL IRk LS Ml REREMEY 1T

first synghclonnizatdnaoede,rimasedosdil@atianel thofrpeef or m coherent detecti on
of the third s thronizatLon tragsnis ionﬂ$aseg on the channel

esti mate. erigymingdategiionion tgdrgand pecopd BIChipRIZARPH RIS IONS AN o p
is configured de@ral@lifs ARG dBtaBEObHRWEn thetitst hitiPREbId I8EfichR6LHe BAmbNGe
first distance and to performcorrelation for the third

synchr oni Bzat digianeerbgngrdi Berenfrfraia 8 serons distacypabwipenctes pecord lpcptioneighg ame
obtain a:ﬁﬁhﬂehg?ﬂ&&LEQHaﬂgﬁtﬂmﬁgll sending the first, second and
c

third synchroni zation transm ssi ons. 35. A nethod conpri sing:
33 receiving a first synchronization transm ssion, conprising a
primary synchrgnization cad i first |ocation of.a frame;

Feceivi ng. a sedonfic ByRBHRD FUacs ofiritehein: Sl 18ee il i Runary based
primary syGbredidaaint@n code, in a second | ocation of the frane;
perform ng detection for the first and second synchroni zation
transm ssi ons; and determning a first distance between the

first and secqﬂ@ThgﬁéﬁﬁggécﬁﬁnBg?gﬁ&%mﬁmq% ggﬂhééhgﬂp%%ggﬁg%Qg%ﬂg

different froma secon i stance’ bet ween secon t he
frame andideidiets fosa ctlbscadingrihofirshandesetondrsgmehronization trag@nissiones taetdodthe
of clain1§5 further conprising : determ ning franme boundary based

on the flﬁgEag?@Fance.

38. The method of claim 35, further comprising : determining a cyclic prefix length
used by a cell sending the first and second synchronization transmissions based on the first

distance.

39. The method of claim 35 , further comprising : receiving a third synchronization
transmission in a third location of the frame, the third location being a predetermined offset
from the first location; deriving a channel estimate based on the first synchronization
transmission; and performing coherent detection of the third synchronization transmission

based on the channel estimate.

40. An apparatus comprising:
means for receiving a first synchronization transmission, comprising a primary

synchronization code, in a first location of a frame;



37. The nethod of claim35 , further conprising : determning a group
of cell identifiers for a cell sending the first and second
synchroni zati on transm ssions based on the first distance. 38.
The nethod of claim35 , further conprising : determning a cyclic
prefix length used by a cell sending the first and second
synchroni zati on transm ssions based on the first distance. 39.
The nmethod of claim35 , further conprisging : receiving a third
synchroni zation transmssion in a third | ocation of the frame, the
third | ocati onndgh R rdceRfifELIRLM BRnOREEIn tdmOMssRR, ddnfptksineQk@bd ity
deriving a channel estimate based ‘on the first synchronization
t r ansm ssivoehroripdiopepto i aerond inseidon ofdes Bong;on of the third
synchroni zat i 1,.SS]: e channel ' estinate.
20, A appar ad e BABIHERER aBBSRA Bluk 8y B NAG ShkRFion
synchr oni tzakmsiohs;@aném ssi on, conprising a primary synchroni zation
code, in a first lqgcation of a_frane;, 34 means for, receivi a
second synchr dﬂ‘?a?é?qrgﬁtef'?’g‘ﬂ'égrﬁ st ‘Sﬁt?““(?&’?ﬂl’ seaithgfishandsesqpgrlgeations of the
synchr oni Zahd, it H9tstaddd LRing RGNt R 5QOnPlistige BtR8By the second [FABR
for performng detection for the first and second synchroni zation
t r ansni ss¥dkstramgand the first fqcgiien ¢ioynegtefremeni ning a first di stance
between the first and second |ocations of the frame, the first
di stance being different froma second di stance between the second
| ocation of thd. Thaswaeand dfetihi40sfurthacatipokingf a next frame. A41.
The apparatus of cl.aim 40, . further c ri sing: ans, for determ ning
frame boundar yRH4S &Y I5irming fraag 6%“3{‘1&#8?." 0%4ﬁehgmhé‘3t§5?far atus of
claim 40, further conprising: means for receiving a third
synchroni zation transmssion in a third |location of the frame, the
third | ocati orf2bEhhepparagisedstaimp d0nbgherfdomwtisineom t he first | ocati on;
means f or de_r {9 r R r&!&ﬂﬁﬁ%ﬁ t_h%tsgf{%}&ligﬁi%ﬁ Qa%ﬁqigs@c?n ifnI artlsii:rd location of the
synchroni zati on transm ssion; an

frame, the third location being a predetermined offset from the first location;

means for deriving a channel estimate based on the first synchronization
transmission; and
means for performing coherent detection of the third synchronization transmission

based on the channel estimate.

43. A computer-readable medium including instructions stored thereon, comprising:

a first instruction set for receiving a first synchronization transmission, comprising a
primary synchronization code, in a first location of a frame;

a second instruction set for receiving a second synchronization transmission,
comprising the primary synchronization code, in a second [ocation of the frame;

a third instruction set for performing detection for the first and second
synchronization transmissions; and a fourth instruction set for determining a first distance
between the first and second locations of the frame, the first distance being different from a

second distance between the second location of the frame and the first location of a next

frame.



means for perform ng coherent detection of the third synchronization
transm ssi on based on the channel estinmate. 43. A
conput er -readabl e nmedi um i ncl udi ng instructions stored thereon,
conprising: a first instruction set for receiving a first

synchroni zation transm ssion, conprising a primary synchroni zation
code, in a first location of a frane; a second instruction set
for receiving a second synchroni zationj3sransm ssion, conprising the
primary synchroni zation code, in a second |ocation of the franeg;
athird instruction set for perform ng detection for the first and
second synchroni zation transm ssions; and a fourth instruction set
for determ ni g Bhe ¢ameputetirsadahleandséumebelainhéd, fand Sirthgnepnsprisorg a fifth

| ocat | ons,Qfucliffed iARCrhhd AL psliibanGe. e Agadt iigrent from a
second distance between e secon ocat1on of € Trame and the
first location of a next franme. 35 44. The conput er-readabl e
medi um of clai§143, and further conprising: a fifth instruction set

Tg- PR HYY RIS iEased on the first distance. 45,

for determ nin

An appar at us GQifdeksr 8nfigured to s8ndPd AGBHSYnchedHiZBieh BdndnPissedoRprising a
primary synchronization transm ssion, conprising a primry

synchr oni BZEpary ayneBeaization epdej ingt firstdeention ot aframes the fist lachiéorf being non-

| ocati on Lng. - i i t : i on used
for at | enet A IPTEUALROR, Berdblifo oo T00H IBBC R oL RER O oy
at | east synehrogigyivboransgissieh bgnt hpdt lbast swnckighbegngodhnyd to send a secondary

synchroni zati on transm ssi.on, conprising the primry.synchroni zation
code. i SPLuBTAY o JeRT BHDieoRREThE Bt A s HERAEY LU B EePrtie
pr ocessorlpcation of tidBramEgn@ppar at us of clai m 45, wherein the first
| ocation and the at | east one other |ocation correspond to different
synbol peri od$ B¢mepEopplaghio the processary. The apparatus of cl ai m 45,
wherein the first and second | ocations correspond to adjacent synbol

peri ods of the frane. 48. An apparat us conpri sing:
46. The apparatus of claim 45, wherein the first location and the at least one other

location correspond to different symbol periods of the frame.

47. The apparatus of claim 45, wherein the first and second locations correspond to

adjacent symbol periods of the frame.

438. An apparatus comprising:

a processor configured to receive a primary synchronization transmission, comprising
a primary synchronization code, from a first cell in a first location of a frame, the first
location being non-overlapping with at least one other location used for at least one other
primary synchronization transmission sent by at least one neighboring cell in a synchronized
network, and to receive a secondary synchronization transmission, comprising the primary
synchronization code, from the first cell in a second location of the frame; and

a memory coupled to the processor,



a processor configured to receive a primary synchroni zation
transm ssion, conprising a primary synchronization code, froma first
cell in a first location of a franme, the first |ocation being
non-overl apping with at | east one other |ocation used for at |east
one other primary synchronization transm ssion sent by at |east one
nei ghboring cell in a synchronized network, and to receive a
secondary synchroni zation transm ssionggconprising the primary
synchroni zation code, fromthe first cell in a second | ocation of the
frame; and a ngMpLy, @9%3@9 clafm UBEWREOG 835 Rbeessords can reﬁZo 3\% a .
apparatus of claim wherei n the processor 1S con ured to derive
a channel Ch@mell mitr@tef for tltehférSh‘ Getldaseclain| thdap;sleatycsmncthrmu;muonmoy:wed from the
f.orm coher ent

et oot ortrgrru R Bt e ecib 3t rEReooraRemadr i B BrbES o

the firstrecgVdd fhas ad fos dehﬂbaﬁﬂaiﬁl’tﬁé clRgidl RRtirgate. 50. The appar at us
of claim48, wherein the processor is configured to receive a second
primary synchroni zation transm ssion froma second cell in a third

l'ocation of th® ThaiPpardnli&richiihds! WEakih Ak HEEREL NS gmteh?o flceivgst

one other location, to receive a second secondary synchroni zation
transni ssicenndfprisrary Renchenization earsniission frasu p sépohdcelt incrthind lachgorf ofghe,
to deriv e th nd.ce based on
tocond pridtae 8RN RRAMICESMTRE. 4 Hast W REE BAUGE b0 cBRPFE s@itad s

perforn1cmhaﬁmnmydﬂﬁamtmmmtommhhaoﬁﬂomnde§£6mn&mnyasymﬂhbamkmaﬁnﬁn
based on the second

transm ss on recejved fr t he second c

channel ‘ie“ve a Seco"‘%n}‘aﬂﬂ%esé‘ S‘Eﬁ‘mé cell Resgs on fisereqnd nrimary
processo rsyhéhr@ﬂ?zftioﬁ WeRe el Fronfhe 'sé’c%n@ "cél[r%ﬁbl’ toSIYéi’foll%QGh@r@ﬁt' déﬂ:ctlon of the
transmissions fromthe first cell and the at |east one nei ghboring

cel | in acemdrsacandaatsyadirotization trranamsnomaewcd flemdlet scbond ¢efidagadi amethy
synchronn&a&bqﬂmﬁkggﬁﬁhﬁ§lons received in the third | ocation of the
fra

51. The apparatus of claim 48, wherein the processor is configured to receive primary
synchronization transmissions from the first cell and the at least one
neighboring cell in a third location of the frame, and to detect for the primary

synchronization transmissions received in the third location of the frame.



