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[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 wireless 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 search to
detect for base stations and to acquire timing and other information for the detected base

stations.



[ 0005] Each base station may send synchroni zation
transm ssions to assist the UEs performcell search.
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transm ssion that allows a xeceiver to detect a
transmtter and obtain information such as timng,
etc. The synchroni zation transm ssions represent
over head and should be sent as efficiently as
possi bl e. Furthernore, the synchronization
transm ssions should allow the UEs to perform cel
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transm ssions. The synchronization transn ssions nay
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bq; afgg to convey frame boundary. Symbol-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 ID 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.
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that is a predeterm ned offset from(e.g., next to)
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correspond to a secondary synchroni zati on code (SSC)
sent on a secondary synchroni zati on channel (S- SCH)
or some other transm ssion sent on sone other channel.
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an apparatus for performng ce search. [0020]
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[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 support cell search.

[0017] FIG. 9 shows an apparatus for supporting cell search.

[0018] FIG. 10 shows a process performed by a UE for cell search.

[0019] FIG. 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.
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with the UEs and nay also be referred to as a base
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coverage for a particular geographic area. The term
"cell" can refer to a Node B and/or its coverage area
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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.
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network entity or a collectjon of network entities.

System controller 130 may conprise a Radio Network
Controller (RNC), a Mobile Switching Center (MSC),
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SemTioTaiogaby L ) s SeRibly Noierys BHEoBRm o ptes such as
timifAach 84t ThafRcRfonfration transmissions may be sent in various manners.
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



predetermned tine duration. The S-SCH may carry one

or nore SSCs in each radio frane. [0028] A UE may
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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 timng for each detected cell

The UE may al so derive a channel estinmate for each

detected cell based on a PSC received fromthat cell.
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bo Howeveyr . the techni ques described herein may
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[eadop f k.2 dheG30h ekhipledranbmnsioarnfexamsCs and one SSC in a radio
transm ssion of two PSCs and one SSC in a radio frane
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b&?oldgd ePg&l }niaglbee sse}{{rglojthe last symbol period of the preamble subframe, and
PSC2 may be sent in the last symbol period of the midamble subframe. The distance
from the end of PSCI to the end of PSC2 may be 5 ms, and the distance from the end of
PSC2 to the end of PSC1 in the next radio frame may be 5 ms, as shown in FIG. 2. The
spacing between the PSCs would then be uniform with a constant distance of 5 ms
between two consecutive PSCs.

[0031] FIG. 2 shows use of two different PSCs for the P-SCH. Each PSC may be
detected by performing matched filtering on input samples with that PSC. Two
matched filters may be used for the two different PSCs and may operate simultaneously
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
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the preanbl e subframe, and PSC2 may be sent in the
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Boweter! &l Iﬁocfersﬁﬁg fore88C dbﬂaeﬂicﬁl nay bb eloanl‘ed gimlcé Yt rﬁSy b® performed
whi ch one of the two PSC peaks corresponds toth

fadive frame peupdiy aapgﬁhe%n darthemare. thay e detefion %%aeach frame
T o e

pmdsfhiac@l]ﬁ)ﬁdmthS@ FIG 2, then SSC detection nay
erfornmed for e of the t fra boundary

II@B@I hedB&N agiprgt, fﬂil%ﬁgcwaﬁa%vt Qp-t DGR ipfgmation is

YRRy ENSiaSHe hén-H@la® liGshces [IPWRNE intehAR Qét%%%bﬂ&c{lﬁ’\re PSCs.

SSC det ection may be doubled since it may be perforned
Non unviorth rspaend aurydalsy bieyietirtedstesas Fur-timérm fasatioth enon-uniform

S SRR o M T ST S T T
ﬁﬁiﬁérnes 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¢;). 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. PSC1 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



possible cell IDs) for the SSC. [0033] In an aspect,
the PSCs are sent w th non-uniform spacing, and
WO pdos/ommss on is conveyed via the non-equal di BCBEDSES7/080111
or time intervals between consecutive PSCs.
Non- uni form spaci ng may al so be referred to as
non-uni form | ocati on, non-uniform positioning, etc.
The non-uni form spaci ng may be achi eved by sending the
PSCs in subframes that are not evenly spaced in a
radio frane. [0034] FIG 3 shows an exanpl e
Teameyrbs sijen tob.Stve PSBswand FERe’. SEG dnd Taz meedi also be atlver values

Wi -uni form cing between the PSCs. In this
8%%&%?32‘#H5“5@Eﬂ%gi@'SSC are sent in the preanble

R8T amitﬁﬁgniuhﬁoﬁﬁ%cﬁ SRt PSUs! Metcht dar&iE; may be performed
subfranme. However, the distance fromthe end of the
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of
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used for_ both the preanble and m danbl e, subfranes.

SSC
e ofriheradio fpms. BSCIimpr be pan imthermidashlcep§Erape (denoted as
£ . : )

(V2 BLRER Yunicl 8] bq"Ee DOALLEART GRARLRA RELARH 12-m

be achi vari ous
sibftaaticyoesy dubfrg@neriel thaa thadi-th Jubfamenay be of any

ration d may include an nunber of _supfrane nd
f@égkgbﬁ@é@ AHgPh SUBTRIRGOL 2V rno&r‘fnf@i“_@& spaced PSCS ‘and one
d9eah 'a_q]?%iro n%&@é%hh %hﬁr%ﬂ& SN@Werehf éﬁS}%{{blﬁS' mh@ge_xafe@le, the radio

non- uni y spaced PSCs and one Cin arado
frammenchiden] ssibffrrareeswith theguradmblaraad inodamble subframes each having a

le, t di o f i des 20, subf. _with
AR Bp e’ R Mo Bt HEGR 5% MGy ot mo

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 information 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-



sent in the preanble subframe (denoted as "P'" in FIG
4A), which may be the first subfrane of the radio
WO c@s®4285C2 nay be sent in the m danbl e subf rB@BUS2007/080111

(denoted as "M in FIG 4A, which may be the 10-th

subframe (as shown in 4A), the 12-th subfranme, or any

subfranme other than the 11-th subfrane. [0038] FIG 4B

shows transm ssion of two non-unifornmly spaced PSCs

and one SSCin a radio frane with subfranes of

different durations. In this exanple, the radio frane

um&md@aiingmbmﬁvemﬂi this é’Sﬁr @fmmi@iqmrﬂﬂrumuajgn&mframe level
ﬁrres each hav u({/% N2 tg ﬁ I d
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di scontl nuity to the data subfranmes. [0040] In another
fspecwith hoth syifenielestls n@f-uméornu apa‘cmgmmb aginhgj-lefel t ivm-uniform

?R%gs&gﬁgfgisgﬁfeeﬁﬁj{? ?y%ﬁ@ev%g?o%ge}@ﬁqé%ﬁieﬁ#’%{ﬂ fifnglligy detection of
fdfgames of a radio frane, and each PSC may be sent

in one of rrultlplesrrbol ‘periods in a respective '
HW42} amdior gsufframade opnGBacipgathg BSCineod| B elage sent in

g)ub AR (Y\Qm%otgg /ng%%g 5561|1:> gﬁg ?ﬁ%r /Sl\q %%1 1 ]adl gfrgrrﬁle fv&%{hn}\l subframes,

spaci ng ’'nay I eve ransm SSI1 Oon

shereNILEng N ﬁmlpftreasm&atblsa\sellectem ditegbdivhies Tpadist@ceBynbfic start of
achi eved by sending the PSCs in non-evenly spaced
subframenB switle PFCL t@sth§hi§6m of pupfragne M RS svdl =M, and the

non-uni f orm spaci_n achi eved by sendi ng

t he
psescs Homyhpyprt 9é ﬁlﬁtfﬁ?énes%ﬁ with BHCB i ths Sbi qiribe next ‘Subframe 0 with
P§6?‘i§‘"§t : ORI plelv%rg qnvgfed 1y§ MHBPQ{'EAI a sg\f)% sent 1n other non-

on uni fPor m spdci ng. Fn g€nera

o?&’l@eve raln?e\é eshcl? B l’fm ;ft?r m ﬁgﬁ%’r f)]% a%\%ﬁlta%génys to have a small

non-uni f orm “spati'ng,

§H§E5@@%eﬂv@e¥ﬁ‘ T pae S0k GMElenQOR-14BE fREMIBARAEMY (in terms of
[0041] FIG shows a design for transm ssion of two

R3ah tand amh@)nas@ntyﬁ oA usiagitwo PSCameons natluotfmnhﬁ may diminish.
ﬁgta é)lf E%/r% olnl%\ri]ell{lrgnfu%q msl%ggc!mgq [%%q 1s)§nt% n a syrn%lol period that
is Tr; from the start of subframe 0, and PSC2 is sent in a symbol period that is Tr, from
the start of subframe M, where in general T, >0 and T, >0. If PSCI 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 PSC1, either before or after PSC1, so that the channel
estimate obtained from PSC1 matches the actual channel response observed by the SSC
as closely as possible.
[0044] The total distance from the start of PSC1 to the start of PSC2 is
Ty, = Te, + ATy, 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



spacing. A single PSC may be used for both PSCl1 and
PSC2 to sinplify detection of the PSCs. [0042] For
wa@ adwBases | evel non-uni form spaci ng, the PSClL P USHC7/080111
are sent in subfrane 0, and the PSC2 is sent in
subframe Mof a radio frane with N subframes, where M
and N may be suitably selected integer values. The
di stance fromthe start of subfrane O with PSC 1 to
the start of subframe Mwith PSC2 is Tcl = M and the
di stance fromthe start of subfrane Mwith PSC2 to the
stagse disthndenbr ) et theiid diatarcQA W, tahd thR3Gtal diseinTE2 p=isNMomposed of
mhere Tcl # TC2 C 1.and PSC2 ”ﬁ al so be sent
the ormerdisignee quewwhgg‘ eistanns A bned %aefﬂsq Higtanges Tg and T
a v
o7 b, Wicd Y ciftcl Ve AREHRR. PR Prlick Rk boundary,  The fine
H'ﬁfagee AThﬁraytbh elsdsne’ra»ecfomwy ¢ther ihésrmatiofi. Theamotnttaf iefoanation that
| exity) of using two PSCs in one radio frane my
@ﬁ ﬁ.cgﬁveneéoﬂ%]tm e sdistede- Ay s dppsidenti ¢1o s §p@b¢rngf symbol

iod that is TFi fromthe
E% ]d[ av?lf uebTTOrsen@P%éFgﬁ%Pgé%z is sent in a synbol
pauspd tiRahe dssidi2hd figdllistbhe@ AT,86 us@f tosc@ﬁfidfyadéﬂ C%\fl)up information.
where in general TF1 >- 0 and TF2 >- 1is

liBedvalkblg ceH HRAmethesystemanay b@)dwad@ﬁem@ ﬁtlulapheééir) igepef with each

ﬁoglg coggmbr&% ?bffeéel} 8ulb§gi€ Ny a\{ahla ﬂgl b%ac %nag 55 a551gned
PSpdcifis @ell Nt fribleoshanaed G @‘éhpﬁaﬂﬂie ait aif! ﬁﬁﬂltlbfeoéﬁllpl@@ups may
1 matches the actual channel resEonse observed béﬁthe

@;smlifﬁa§8€|d@§e@ti9n ad PBsutyisleect fodauPSenand eetanming Srediicedistance
A}ﬁ"o %‘i&w&%&s’[flé\zﬁ?gc eﬁ )&%gcji"hﬁ?[iﬁ qgaﬁé%%{l e?ffopﬁ%%?C éigte t;%?for just one

glrog@ dff&uqm rlhdleétedi’%g;&hé @ik NiRtantt AT, AfstchFREXdvaltaille Lell IDs.
The total distance TD is

Eb@p@@b@r Q;ffcetlﬂ@ lwpom@@@/ 01 28655 PATeU8R087¢0BAY thus begreduced by

Eavell%g? len&l i %t %PO%%%BE cel?ﬁ‘lggt lﬁSr é}((]arr]ns[%led ! ? re% gléoﬁ%g are otgm%%:then the
fﬁfb@es&sn\g foheSC ideRcbrsinay B@r@‘éﬂiEed Bhéencctbadse di stances
Tcl and Tc2 may be used to convey certain

(M08} matlpere d@ﬂ@n thg Geareumsrodsell ha ﬁ@é‘ﬁ%ﬂgneﬁﬁéffﬁﬁeﬁbsymbd periods

?dnslig’tflc eC@TEIP ii4 1?@1%?11 %goutp? eé/ss%ggc? to h&% ogﬁmé s that may

e anoun OTITH ron Can e conv
sthengly eertlirs te&m:ethérTFByalsdgp(ﬁffd&nt syanbdl hﬁnﬂdzﬂﬁﬁrP&ﬁl among the

Sy i ods_avai] able to send PSCl1l and P .
fl%gafeaﬂn&fe het HESIP@hLe #he t¢ phamyshepas] Sstimgies §%f wseifecglls even

WQ%?ﬂcﬁﬁlkeﬁﬁ&%rk.nméﬁ In?d} use the cell-specific channel estimates for
coherent detection of the SSC, which may improve performance and reduce complexity.
[0047] In one design, PSC2 is sent in the same symbol period by neighboring cells.
The system may be operated as a single frequency network (SFN) or may send certain
transmissions with SFN operation. SFN refers to synchronized transmission 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 avail able cell IDs in the system may be divi ded

into multiple (G groups, wth each group containing
w@2@Bhissent subset of all available cell |Ds.PEaUKN2007/080111

cell may be assigned a spatific cell 1D fromone of

the G groups. The use of multiple cell groups may

sinplify SSC detection. A UE nay detect for the PSCs

and determne the fine distance ATF between the PSC

peaks. The UE may then perform SSC detection for just

one group of cell I1Ds indicated by the fine distance
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cell 1 ot hesgs for. . the SS ection e
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processing for SSC detection qﬁ%lbe reduced by one

Sy

phil® ans. [ Bl prcampleons aedainple nss ey pas afdutsgiop af s> ms and
i i . i I
FR04E8 S8Rl PTGl ORHRIR S8 S 5L svmbo

p&iddshdshatiuadiyn of 71 @8 ghi¢rdsbécaidl €. epehavailbsle .ceBYDs are divided
usi ng different synbol periods for PSC1 anong the
e dierogrones el 4re referreditormagelbaraabps e, Pandist ai n channel

ﬁg’%‘%ﬁ? }( %S%%gg%fséﬁ?efgl Ehéoégﬁﬁllggrgg%lq%g%g e?fi’SC%/lQC h({ﬁg(;: Za?edsent in the

pehnbR ®5heE, andahePSUL iggine & the Mi@imblB8uSiBime WITh€ Histance from
may i nprove performance and reduce conplexity. 0047]

the poerentde sulgrpmergdze ingdagibie subdrapieds dae 4y misoindghe digi@nce from
by nei ghboring cells. The system may be operated as a
Hicrgidembleesyipéiagy tadhoaekt gremrplegubirage serld, eér gisn For symbol-
transm ssions with SFEN operation. SFN refers to )
byplcperonnifam snagieniPS§iloler oell gremropnigtseahins syamol period 4 of the

Pt b Bimgs S ot Gell B Ths By R LEicd s fpsct for cel
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able to collect nore energy for PSC2, whi
perprdo ef BSCGndlembdid swbrdraper f Bren®$IC dor caThecl efrdi wegntsienvediately

[ i fic inf ti d - ific SSCin th
e s b Dy en o SeN aper st on oo e
Eﬁgﬁf 04%%6%61?@61%&9%4 391 dtan 1 bQ0A8]star & PECS n@vﬁ(ﬁae start of

esign for transm ssion of two non-unifornly space
PSC2 is apd, o0& nBSA 42r86ausy, ddi total darmmcyviiom tht agaesf @B F2SE the start
. Asingle PSC may be used for both PSCs to sinplify
get aet it oPSChese ASCs = 3.0mi Ri3$7déqb gnand heher afiicd distance s
franme has a duration of 10 ns. The preanble and

NTdarhilse 85 ubf resreslleg@otp IBashatomlradthr fedm Ghé stal GMRSC1 to the
i ncludes seven synbol periods that are assigned

stadiF @S (0fis OFDE,[!WEQL&[BS 621429 s sthBtGhl distance from the start of PSC2 to
the start of the next PSCl is T, , =5.0ms+285.71us, and the fine distance is
AT ; =214.29 us . For cell group v, the total distance from the start of PSCI1 to the start
of PSC2 is T, , =4.5ms+285.71ps, the total distance from the start of PSC2 to the
start of the next PSCI is Ty, , =5.0ms+21429us, and the fine distance is

AT, , =285.71ps. Cell groups o, B and y may thus be distinguished by different fine

distances of 142.86, 214.29 and 285.71 us, respectively.



period has a duration of 71.43 mcroseconds (s). The
avail able cell I1Ds are divided into three groups that
ware@sneses red to as cell groups a, (3 and y. [POBB$20pT080111

subfranme-1evel non-uniformigpaci ng, the PSClL and SSC

are sent in the preanble subfrane, and the PSC2 is

sent in the mdanble subframe. The distance from the
preanbl e subframe to the m danble subfrane is T 1 =

4.5 ms, and the distance from the m danble subfrane

to the next preanble subframe is TC2 = 5.5 ns. For
Epabbl - Hlevél shevn- unpdcoiardepgrc forgsubf8O-1tv a@élﬂymjmblqsel non-
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e sstatoony eeshgy|, of oG 10 the start o

14.29s , the total distance from
{0982kt arlh anbthPSGXignofor ttll[fefra;rhaIStrucﬂﬁretslhewneiHlFIGSG]PS(él for all cell
TDZ |,
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85.71 s, the total di stance from
mn@nsl:tlasubfmm@smzthtsodestge, thetrales o6 PSCHeand PSC2RECswiticled, and the

the fine distance is
%& %?ybe ngtsne?‘i()ﬁséﬁl&%ards(ﬂf&)ﬁg(} (3 and y may thus be
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214.29 and 285.71 s, respectlve 008/ 0 2865
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f | el

AT, Db BOLLAT SN B0 TN TR,  REClo TPl rpups may be
Ssmgmd idiffdretd symboll peti@ds7ofctat Iprea@ttﬂau psd meyarblelc aabfrgnedsuch that
up to 7 dlfferent synbol perlods in the preanbl e
dgbfipadistansg fof el SEREP sy syl bpErvcadas ﬁﬂgtaeF?ﬂi ﬁ%ﬁﬁﬁe@ us, for
subframe, PSC2 may be sent in the last. synbol per
&= Phk- n%%an@ﬂregﬁﬁ)fwﬁn%s s oA o1 the @ldambkt,rﬁ%that cell-

cas t.he f % i st an eII ro

Spec channe -GS E?gg? 1&1&1% ef gerrlvg Jnep ch nqzergg etwor anc? 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 periods per subframe, up to
2S—1 cell groups may be supported by sending PSCI 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 Tc, from the midamble subframe to



PSC2 may al so be sent in sonme other synbol period of

the m danbl e subframe. The SSC nay be sent in the
wagoboh2speri od before or after PSClL i f the chaPeiBUS2007/080111

estimate from PSCl is used3for SSC detection. [0052]

In another design for the frame structure shown in

FIG 6, PSCL for all cell groups may be sent in a

predet erm ned synbol period of the preanbl e subfrane,

and PSC2 for up to 7 cell groups may be sent in up to

7 different synmbol periods of the mdanble subfrane.
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ﬁlldgfﬂeaﬂyed 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 carliest 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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preﬁx length are given in Table 2.

[0061] FIG. 7 shows a design for transmission of two non-uniformly spaced PSCs
and one SSC in a radio frame with the long cyclic prefix length given in Table 1. In this
design, the radio frame has a duration of 10 ms. The preamble and midamble subframes
cach 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 pus.

[0062] For subframe-level non-uniform spacing, the PSC1 and SSC are sent in the

preamble subframe, and the PSC2 is sent in the midamble subframe. The distance from
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ensuring that the total distances Tp; and Tpy 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 Tp,. 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 PSCI 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]

Tpi s with the short cyclic prefix length and any Tp, 1 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; s 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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bla_:thc(bhqmmd;m@ormqjlwmen‘g Q;ftthe 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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where L 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,.., 17 -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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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 counting 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



where pn(n) is a pseudo-noi se (PN) sequence of
constant magni tude. [0073] To obtain good partia

w@ersekmbs on performance, a base sequence of |ROOURK20R7/080111

havi ng good auto-correlatiam property may be generated

in any manner known in the art. For exanple, the base
sequence may be a Gol ay sequence, a Col ay

conpl ementary sequence, etc. The base sequence may be
repeated L tinmes and concatenated to WO 2008/ 042865

PCT/ US2007/ 080111 18 generate the pn(n) sequence of

Pegnglt B. [ The Ho mayxadsmpiiss, the cgerpletien reseld fer Arler Be @ué tliecorrelation

Gl 0B B DB DG B BRARS B g irrence

phhvabm el thy degedt] Mic UE Bl @R tHEO bRyse oML RITERE afital frequency
sequence {1, 1, 1, -1, 1, 1, -1, 1} eight tines.
POor/sfmeHe.pr oduct of the L repetitions of the L-1ong

se nce wth good tor coryelati roperty an
IR ST Er o 0 B o SRAT R BE REARIGEIPBR: bitof
[I%ﬁéﬁﬁa@i'on t§ ‘Bg rsEILta\Iié BN e e E%@Q,"’E'(Qg r}ﬂaﬁ\ﬁﬁé [ QB RGfvey short
The repeated base sequence nay Uppless ul't1-path
E R ETERASH, MY BN A aYay CRNEdell BYESVCD 18 TP hRYRNBRth. If two
After timng and frequency of fset correction, an
BSCurat escshannelradds tframd es ndgsciecdobb@icnaten (nalsie then tdie bit of
CAZAC property of the Frank seguence) by perform ng
pImagion reava bf GANVAYEH Vid Hie enEpGs ithienglrihenthaiecqlemelr) and/or
[0075] In another design, a pair of P-SCH sequences pi
@nYDand p2 (n) of length 2L may be defined based on

L BT R EBG o b P Ly P
I :
%9% 8&hed b%%sﬁpgéﬁlrﬁy lelggbég’%ﬁﬁgy ?e{&ﬁgﬁc%% }:SF ﬁe@ﬁ%ﬁe}f‘ GS %olt%m

e sane refix.
CGol ay generator can generate one L-l1ong segnment from
an uppefn) SCRneh, aad anot her L-1ong segnent froma
| ower branch. For exanple, P-SCH sequences of |ength
64 (not counting the cyclic prefix) may be generated
with two) =<eBrmdhts of 32-1ong Gol ay conpl enentary Eq(4)
sequences for A and B. P-SCH sequences may al so be

ener at ed based on hj erarchi cal | ay conpl ementary ,
ﬂw&gbnce‘%@heml% OT a7 13 e@é?ﬁp% FaH %§<§7 l%aq%h@@@e depending

95 One 1It %9 in\%}n?atf(])ln o Be (S:Qﬂt%?a{ the %%%Isr lf’%% Iegar}flple, p,(n) may be used for
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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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lalllgher 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



nore accurate channel estimates based on the PSCs.
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%or sen(ﬁng e seand 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
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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
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[eBstowk oflpp igcatmm usedl foe atgeast pre plagypymary 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
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OFDM, SC-FDM, CDMA, ctc. A transmitter (TMTR) 1422 processes (¢.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
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[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



sent by at |east one neighboring cell (nodule 1312),
means for receiving a secondary synchronization

wo c@nsmsssi on fromthe first cell in a second POL/ES100T080111
of the frame (nodule 1314p¢ neans for deriving a
channel estimate for the first cell based on the
primary synchroni zati on received fromthe first cel
(rmodul e 1316), and nmeans for perform ng coherent
detection of the secondary synchroni zation
transm ssion received fromthe first cell based on
wile be heathly| appatentrin thogerslkilled i 81k8yrt, uddbt esnargprinaiples defined
AEHE, TP SOMRY S RE QGRS A wit T SERA £ ok SBRit o scope of
U AR T S A e e R S R S B P
el Gib¢lbsure. TETRYS| €8, digElGsure 45 ndnYnteAdEAl @dAabd ditnitdaefoe . cxamples
h§g96] FIG 14 shows a bl ock diagram of a design of a .

Bb@l hargingiy i tayke pogprdedathicctidgitescaprecemistane Widde ginciples

AP NP glcghclc}sedﬁ'érehpde B 110, a transmt (TX) data
processor 121 processes (e.g., encodes, interleaves,
and synbol maps) traffic data and generates data
synbol s. Processor 1410 al so generates signaling
synbol s for overhead channels (e.g., the P-SCH and
S-SCH) and pilot synbols for a pilot channel. A
nmodul at or 1420 processes the data, signaling, and
pil ot synbols as specified by the system and provides
out put chi ps. Mdul ator 1420 may perform nodul ati on
for OFDM SC-FDM CDVA, etc. Atransmtter (TMIR)
1422 processes (e.g., converts to analog, anplifies,
filters, and frequency upconverts) the output chips
and generates a downlink signal, which is transmtted
via an antenna 1424. [0097] At UE 120, an antenna 1452
recei ves downlink signals from Node B 110 and ot her
Node Bs and provides a received signal. A receiver
(RCVR) 1454 conditions (e.g., filters, anplifies,
frequency downconverts, and digitizes) the received
signal and provides input sanples. A synchronization
(Sync) processor 1460 perforns detection for the
P- SCH and S- SCH based on the input sanples and
provi des 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 WO
2008/ 042865 PCT/ US2007/080111 25 1460 may provide
various types of information such as franme boundary,
cell ID, and cyclic prefix length for each detected
Node B. A denodul ator (Denpd) 1470 processes the
I nput sanpl es based on the information from sync
processor 1460 and also in a



manner conplenmentary to the processing by nodul at or
1420 to obtain synbol estinmates. A receive (RX) data

wQr@snss6es 1472 processes (e.g., synbol demapspCT/US2007/080111

dei nterl eaves, and decodesp7t he synbol estimtes and

provi des decoded data and signaling. In general, the

processi ng by denodul ator 1470 and RX data processor

1472 is conplenmentary to the processing by nodul at or

1420 and TX data processor 1410, respectively, at

Node B 110. [0098] Controllers/processors 1430 and

WA TS €EAIMID dper ati on of various processing units

at Node B 110 and UE 120, Oéiim vely. Processor 1430

may i npl enment process 800%i 8 and/ or ot her

processes to support cell search by the UEs.

Processor 1480 nmay i npl enent process 1000 in FIG 10

and/ ot. ot ham appaarssesptioingper form cel | search to

detect for Node g gbnorl S 432 and 1482 store data.

and brpéﬁ“reéﬁﬁfc%’& gured (o NS h gﬁi@y%haowtlfgdransm15510n in a first

Bf \éeﬂré?ne [a91g91%] seﬁaea E&%H&] ngﬁ'ﬁl?oﬁ:i%ﬁﬁﬁl' tl?ﬁgnhﬁﬁcﬁf fh a second

y | npl ement ed vari ous ans. For exanpl e,

tdwemm ofstrhh ﬁraqmwhnwyn bé‘lrstrtknsltmce eetenrthdfirstiaed egcond locations of

) t th
I B & qifiBrehtBiia oaft ARGTR kil il ChORL foggtily OF the frame

g dht Yirst(Soalion ofa NedardhQan@ UE) may be inpl enent ed

within one or nore a pllcatlon specific integrated

ci r cuk men(orgraed igithe peicessPynal processors (DSPs),

digital signal processing devices (DSPDs),

programabl e | ogi ¢ devices (PLDs), field programmabl e

gate array¥he @bp¥ede} of pigige $SehsseirC tidt fr@ht @omprises a plurality of
m cro-controllers, mcroprocessors electronlc ,
siifiagss, WhttiBrthe fiiss qcation sun et strubfigme of ths fireng. gpghwherein the

Eé'éﬁ%é %Ilbt?nstshd§§ %dnﬁ%ggﬁ}grg? E'theafra gnﬁllétfﬁ%t artl ?e%Pnd subframes

I nati1on er eo or a firmware and
satdspanding tpdngrrentodtheopiyratityeoftsabframguiasharfrymbe
i npl emented with nodules (e.g., procedures, functions,
and so on) that performthe functions described

herei . ThehfihaNane RRAIRN 2 SRALMAT B FRYESIDTRICDE at start of the
stored in a nenory (e.g., nmenory 1432 or 1482 in FIG

firdine and thexsecandedbfigma ipracess wdrut fiet g middlgrod thesfsane. 1430
or 1480). The nenory may be inplenmented within the
processor or external to the processor. [00101] The

previ gus deseripphian of ¢hen d2,SGhefid € i FrsPmMibeedoft Qubframes
enabl e any person skilled in ‘the art to make or use

eorecspprding deitee fivdrdigancenisadiffereat ifions at scek number of subframes
AL RGhORHES MR 29084 AdeRle PCT/ US2007/ 080111

5. The apparatus of claim 2, wherein a plurality of groups of cell identifiers
(IDs) are associated with a plurality of symbol periods in the first subframe, and
wherein the first location corresponds to one of the plurality of symbol periods in the

first subframe.

6. The apparatus of claim 5, wherein the processor is configured to
determine a symbol period in the first subframe for the first synchronization
transmission based on a group of cell IDs for a cell sending the first and second

synchronization transmissions.



26 wll be readily apparent to those skilled in the
art, and the generic principles defined herein may be

w@ppBioeses o ot her variations wi thout departi ngP€T/oR20071@80111

spirit or scope of the dieg8losure. Thus, the

di sclosure is not intended to be limted to the

exanpl es described herein but is to be accorded the

wi dest scope consistent with the principles and novel
features disclosed herein. WD 2008/ 042865

PCT/ US2007/ 080111 27 WHAT IS CLAIMED | S: CLAIMS 1.

An apparatus conprising: a processor configured to

lsggg t ? OI]I B?B%esl é‘agal&r s’o (r)]g?z,'lgltnltl g,n \gfé%rgﬂl;@g z)iug%lg{ylo@ g?onls ro%tcell IDs are
5)40€i B @ Wit prodetbindNsiyeidd Petidl id thESRBAd sugtatd. on of

the frane, erein a first distance between the first

and second | ocations of the frame is different froma
second dis he s cal 1.he
fran’ and ThaTPHFur o Lt 15 RERG: heCAhhe RoBhrily
sgentsl ypeeiodyp laad wierdihehp nombasar synibol phgodpgaarcapaisligf to the first
Jaim1l, wherein the frame conprises a_plurality of
diSBPPoR On ik dltialitieof PRSOIY GUENFBNO! SYPRoPadst for the first
sipframe of the frame, and wherein the second

[ocation is in a second subfrane of the frane, the

first and second subframes corresponding to any two

of the pluralit f subf.ra in the franme.. 3. The

appar St s oR st S THEE ERaria U prob SR Fonfleifag geencrat
fHealrbt Hid sebdhd dyhairBniafbnt thehsHREING basdalf Jnd B ncBroR £afi&S fequence
to but not at mddle of the frame. 4. The apparatus of

déraicsh scdvpe ak laastaora efsa Civirie r(cartstantipmplimds zero auto-correlation)
orresponding tao the fifst distance s different from

SUEESh o nERR NS N 2R e Gl 1B ntl ™ Gotay

saaplochettiaft @qGénceS. The apparatus of claim 2, wherein

a plurality of groups of cell identifiers (1Ds) are
associated with a plurality of synbol periods in the

first {subf A an h?i i Eﬁ " ¢
corr eég’ondg ?gppg n eg%?fv\étiﬁe P IQX(J regﬁnt yJ%%C%§&£% F&g}s%'uir%ddg generate
the fitse andl iscsdnds sghichsomization transmissions based on one of multiple cyclic

a glurality of

prefix lengths.

11.  The apparatus of claim 1, wherein the processor is configured to send a
third synchronization transmission in a third location of the frame, the third location

being a predetermined offset from the first location.

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).



6. The apparatus of claim5, wherein the processor is

configured to determne a synbol period in the first
wa@adwBases f or the first synchronization transPCEESIN7/080111

based on a group of cell IDRs for a cell sending the

first and second synchronization transm ssions. WO

2008/ 042865 PCT/ US2007/080111 28 7. The apparatus of

claimb5, wherein the plurality of groups of cell IDs

are associated with a predeterm ned synbol period in

the second subfranme. 8. The apparatus of claim]l,

wher el t héh¢ amatu@nﬁplagesl lawrhlewrathetgrocﬁfssorsly wbofigured to send

G DRSS BT b RaPH o e, ShelF BT 2Rn chanmt -
pCunal ity of possible nunbers of synbol periods for
the first distance. 9. The apparatus of claiml,
wherein the processor is configured to generate the
first and second synchroni zation transm ssions based
on a synchroni zati on sequence derived based on at
| east 1®ne Aha@pﬁﬁ%éﬁb@@ﬁmﬁgant anpl i tude zero
auto-correlatio ggquen a pseudo- noj se

sequeh PEOCEROEPRES @' GAyPEaMesy) sgychreglﬁf,qlwa(p§C) on a
SRAYENGRichrblizatlBiE cRRPAET @l S'@H?fm Gl RkiModatiofh§i £EBmENSd to send a

roc ssor is configured to generate the first and
&Eomm@8§ymcﬁmdh6£&1unms@nmdénmﬁmmaﬁéhbéged pheienea dirst distance

el v GERdeBElosp Bt obe rrame o M oL 0Rg = SEseie glstance

b&tivieeh FkREEIHANbZRbh O tHel fRdMSdARISth Firdt Tocatibklbf &lnd>@ G@dkicOBnd
of the franme, the third | ocation being a

prede@@ﬁﬁkﬁ%doﬁﬂ@%%%m¢p@ﬁ¢$h@ first location. 12. The
apparatus of claim11l, wherein the first and third
| ocations are in adjacent synbol periods. 13. The

appar as.us afmethad Bdrhpristher ei n t he processor i's
configured to send the first and secon
synchPEHinga ighsyNEBiogirrEQn BREIEHI iHrd ﬁhrﬁtr lpcation of a frame; and

sync %@ggﬁo%g%ﬁmg@%hza&gn 25tdniss R RA0BEAABERion of the frame,

PCT/
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 to 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.

19. The method of claim 16, wherein a plurality of groups of cell identifiers
(IDs) are associated with a plurality of possible symbol periods for the first

synchronization transmission, and wherein the method further comprises:



14. The apparatus of claim1l, wherein the processor
is configured to send the third synchronization

WO c@R®msssi on on a secondary synchroni zati on cPernsto07/080111
(S- SCH). 15. An apparatus3eonprising: a processor
configured to send a first primary synchronization
code (PSC) on a primry synchronization channe
(P-SCH) in a first location of a frane, and to send a
second PSC on the P-SCH in a second | ocation of the
frame, wherein a first distance between the first and
secondetrmeiamgensyngfol phtéOCf fortee fisst dirfcheanégation rtr@nsraission based on

second. .di n h ecqond | qgcat i on..of

R BERBOCRHT DR o o2 SPERR: g Frg A53 SSraf SFidhhisigh Mnsmissions.
menory coupled to the processor. 16. A nethod

conprising: sending a first _synchronization
tran53955|$heﬂﬁﬂ@dﬂiP%Wﬂﬂéc%¥%@hﬂﬁﬂﬂﬁuﬁ¥ane; and

sendi [ | SSi .
secon%glggg?@%ﬂ%gﬁaﬁﬁgE%Pgﬁ%%mgﬁﬁ%%gﬁ%qg§¢ng?éﬂkfmuzﬁmn@the
thigltlacution heingeegpreddi@nfingdsdffsenfloseabofickt lawaddi.ons of the
frame is different froma second di stance between the
second | ocation of the frame and the first | ocation

of a mext frna ma&gcoggﬁﬁ t hod of claim16, wherein
the frame co I ses a lity of subfranes, and

wher eimgams far rsstding rberst sfncmmlﬁzaanasramsmiseispdncﬁ figpt l@cation of a
he first distance is different froma second nunber
U%Fkanes corresponding to the second distance. 18.

The ”Bieb]&dfo%er@ﬁr% aﬂ%el:@nd Wh%hﬁin[kaﬁé& frasdhifdid™® a second location of
co rises a plurality of ynbol periods, and wherein

MDY o Syisbtanse beoasn ot RS pshiepr logains of the fram s
dlff etnt ﬁ%l S%%QCC Id?fstanc gtwe%enl%a% ‘g]e:cloi’,la Yo 3[1019 3F ﬁeqlrame 21151 the first

ers o perirods rt1or I'rs drstance

Eﬁeug&ﬁﬂum%xoﬁwmbaln116 wherein a plurality of groups
of cell identifiers (1Ds) are associated with a
plurality of possible synbol periods for the first

U ner conet gL AU I LI s o c

Bend@tre (N iangadosy et o;htlpe pluaith af pblsm:blélsymbol periods for the first
E%gﬁhronlzatlon transn1s i on based on group of cel

§ogzatjor. Bppsnyigsief- pgd { rein hepRRAUS é‘Egﬁ’ COTNPIISCS.
SyNchpRR R} HABrhih ARy HoPPSiod 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.

24. A computer-readable medium including instructions stored therecon,
comprising:

a first instruction set for sending a first synchronization transmission in a first
location of a frame; and

a second instruction set for sending a second synchronization transmission in a

second location of the frame, wherein a first distance between the first and second



20. The nethod of claim 16, further conprising:
sending a third synchroni zation transmssion in a
wo boos@4isexat i on of the franme, the third | ocatPCHUB®OTIER0111
a predeterm ned offset frosithe first location. 21. An
apparatus conprising: nmeans for sending a first
synchroni zation transmssion in a first location of a
frame; and neans for sending a second synchroni zation
transm ssion in a second | ocation of the frane,
wherein a first distance between the first and second
lagetaaris@fishooframbies diffenent frgm agic¢dngrdastanderbgtw eendeecensdnd location of
ﬁﬁz%anc qu gegpc Po con fl,laocatlon of the frame and
G JCAt6ROBY A ™t ame. 22. The apparat us

of claim 21, wherein a plurallty of groups of cel
|dent|f|ers (I Ds) are associated with a plurality of
possi Bl-e syhpermpepi-tsadetiomedive ¢f glaim 245@#&@ SAMPHSINSN
tr ansg1tl§i§d f?lgtrucqﬁ)q s\@pﬁ‘)’i% Iﬂiuﬁré@ tlﬁpcpgf @fnlr(}_g H(Sﬁ Hgﬂ igsion in a third
conprises: neans for de ermnin of perlogl?
tdketidn S thes fracby dri thati lonattdnaIDmm $Spredileteﬂﬁaﬁ<ﬁﬂ offnetafrom the first

roup of cell IDs for a cell sending the first and

8%MH synchroni zati on transm ssions. 23. The
apparatus of claim 21, further conprising: neans for
sending a third synchroni zation transmssion in a
third location of the franme, the third |ocation being

a pre?gter ned offset fromthe first location. 24. A
conput &r - r e4dBBI & ERTEN 'l udi ng i nstructions stored

t her e@hyroceS@IRObA SIS tPrdebivela il EyrieRionDAtiSe trahShission in a first
sending a first synchronization transmssion in a

facataen Of@c&am@n tQ)ffeC@Ierr arfecongn sy nghepaezstian itrassmissionoin a second
foﬁatl no {)f %heng a{no,C ?gr(f’ond d?%ct?m ?or%l tﬁgtf rgt atg({ gec% Ssgl CCHI]‘OIHZ&‘[IOII

secon er ern a

thisshdniensheideatdrinencld fist d1a1radcésl§%ﬁ6)6éi1 WO1i2H084 @éb?ﬂ)ﬁﬁ %ocations of
PCT/ US2007/ 080111 31 locations of the frane is
therframe hhe firss distanse boing dififaentrieem setefrishdisiyacesketwaen the second

10%9@(5 mhgﬁagﬁgréﬁq_fﬂ{eaﬁ@t 1%@&05*1)? f gfrarhg Ei' on of a

next rane he co uter-rea |un1of claim
24, f anichery counped i th@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.

28.  The apparatus of claim 26, wherein the processor is configured to
perform correlation for the first and second synchronization transmissions based on a

single matched filter.

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

determine frame boundary based on the first distance.



a third instruction set for sending a third
synchroni zation transm ssion in a third |ocation of

wo b@sfsmee, the third | ocati on being a predet ep@i/nsm07/080111
offset fromthe first |ocation. 26. An apparatus
conprising: a processor configured to receive a first
synchroni zation transmssion in a first |ocation of a
frame, to receive a second synchroni zation
transm ssion in a second |ocation of the frame, to
performdetection for the first and second
synchd®ni z&h¢ ewpamatuanefrickénodfs, wherdin thed @rasessonds sconfigured to

first. di stance betwen the fifrst and, second Jaocations
SR £ ARES et Rebiirlt e ) RERERE  LECRlS: PGy sccond
gyrieBfonndioh Shantiesiatvaealor the fEaedisheel ocation of the

frame and the first |ocation of a next frane; and a

menory coupled to the processor. 27. The apparatus of

cl ai nF12.6’ m@raﬁb&aﬂﬁeoiprcﬂﬁ:{ﬁs?@ rwhéreﬁo@ﬁé %i'gc%gso} Qs configured to
correlate input sanplées with & synchroni zation

dequenc ea tyctet gefix f khgthhasdd st aanell ssediagdthe first and second
synchroni zation transm ssions, and to determ ne the
FnCEfonIZAHoR BRI SRS e shan the el dlisencEor r el at i on

results. 28. The apparatus of claim 26, wherein the
processor is configured to performcorrelation for

the fB2.st Ahdagrcondofsglmohlomilratin dre troemsmiissindigsred to receive

based on a .si.ngle matched filter. 29 e ar at .
oA s 9sAne anTengr g bcbieElicofer ot GRS i tocaton
g&hgﬁg}mteﬁ‘ﬁlﬁféﬁ oPRETEGRh YhDmsedcaont he first distance.

WO 2008/ 042865 PCT/ US2007/080111 32 30. The apparatus

of claim 26, wherein the processor is configured to

det er mne ?h? Bﬁp“ atlcl)g £ gllaulm 5? ev%ér!:i'n%ﬁg’ 1}:0 LosBr ﬁ%lohﬁgured to derive
sendi ng the TrI¥'s angd’ sacona synchro 128t on
h rehasel SStipat base brothet higst fdyhSiromizsichin @ensnddsionl AGd to perform
apparatus of cl aim 26, wherein the processor is

Gnguteisstion ofgdeethidneynghiopiptien dreasmission npsed @gethe channel

pyﬁﬁﬁgell sending the first and second
synchroni zati on transm ssi ons based on the first

di stance. 32. The apparatus of claim 26, wherein the
processor |s configure 0O receive .a third .

Synchbni 2&be GRPER S §[§Fran§%°,nwiéerﬁm (Rf PERCAEOBS gronfigured fo
HAErmhih@ e grdupe of Nel1dide REARES Whsed 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:

receiving a first synchronization transmission in a first location of a frame;

receiving a second synchronization transmission in a second location of the
frame;

performing detection for the first and second synchronization transmissions; and

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.



being a predeterm ned offset fromthe first |ocation.
33. The apparatus of claim 32, wherein the processor

WO go0somssyured to derive a channel estinmte bRGSEUSINT/080111

the first synchronization B38ansm ssion and to perform
coherent detection of the third synchronization

transm ssi on based on the channel estimte. 34. The
apparatus of claim 32, wherein the processor is

configured to determne a group of cell identifiers

based on the first distance and to perform

cor r eBét i ofh¢ methodefchiim @ Ssipnibhr amiprasiigon transmi ssi on
based an t.he oup, celdl ibde%itifi er tdt' ghtain a cell

i dent PR Eg ragchgyfidary basqd on e first difancee cond and

third synchroni zation transm ssions. 35. A nethod
conprising: receiving a first synchronization

t ransfi-ssi GAc Msthedsaf ckim 3§ ¢ Birthehcapriving: ane;

recei Q. Se S r r

seconiFonilinR e Qrry IR AEhaR 30, L LBMSEAGE, AL Fi And sccond
fyarchidnézation shnsanssiesdasel aythe Hiranriigatceon

transm ssions; and determning a first distance

between the first and second | ocations of the frane,

the figst ¢hshRito@ JPeiand 39! fif@EeHmiHp:a second

di stance between the second | ocation off the franme and

t he f detstmihmgat cymlicafrefix hength fiscney a\Well2008hQ4R8 685t and second
PCT/ US2007/ 080111 . 3?13 36 ']-316 th%?d of claim 35,

PP RE B AR PRI Ro™ Y8R V&S boundary based

on the first distance. 37. The nethod of clai m 35,

further conﬁri sing: determning a group of cell

i dent 39 er $h¢ methpdéiclairg dadiunidct ¢psnfrising: and second

i ot afe gl it SARTRRUAN B hRRRSer N hAFRL jdction of the frame,
thepird Fchidgon biehes piodetegmiace pefkdt Erapd geifiest [egwgion; used by

a cell sendi ng the first and second synchronization .

t r ansAF 84S shaskestinnta brscd pp dre fgplsasuanizamn trggmission; and

et hoser?(gm%ﬁ%icgﬂ&élt JeictiBeor Qﬂgﬁ{i}ds%ﬂr?]lg%rotﬁlﬁzﬁﬁgﬁ kABsrflission based

thi rd synchroni zat1 on transm ssi on 'ocat 1 on
offi thchohafineh o®jmate.
40.  An apparatus comprising:

means for receiving a first synchronization transmission in a first location of a
frame;

means for receiving a second synchronization transmission in a second location
of the frame;

means for performing detection for the first and second synchronization
transmissions; and

means 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.

41. The apparatus of claim 40, further comprising:

means for determining frame boundary based on the first distance.



the third I ocation being a predeterm ned offset from

the first location; deriving a channel estimate based
wo@rooslogshs r st synchroni zati on transm ssi on; anpCT/US2007/080111

perform ng coherent detecti3en of the third

synchroni zation transm ssion based on the channe

estimate. 40. An apparatus conprising: nmeans for

receiving a first synchronization transmssion in a

first location of a frane; neans for receiving a

second synchroni zation transm ssion in a second

| ocat #&n  dhe aprardtnaefeclaimedh uther cpmpfisngi ng det ecti on

o o APl R0 SORRE A5 GHBATH 3, i toosion o
theStaans ehBirdeRatibhBeihg b preditemiRe @Mfdetl fRsaticofst Btation;

the frame, the first dlstance‘bein% different froma
seconBediss fainderHag vieehaned tipgid basedcan i thp mt tsppchronization
ﬁ&ﬁﬁﬁ&ﬁﬂgah@e first location of a next franme. 41. The
apparatus of claim40, further conprising: neans for

det er meansngfof r paertorbong desherdnas dekectiont hef fthe sthird  synchronization
di st ance. WD 2008/ 428?5 PCT/ US2007/ 080111 34 42. The
gppaHaersbased e fieRhaonel eEftHer conprising: neans for
receiving a third synchronization transmssion in a

third location of the franme, the third | ocation being

a predat er A medpotef-setlatile omedibm findsding oiosttrictions rseend thereon,
for deriving a channel estimate based on the first
YRR Sni zati on  transmission; and means for

per f o MridnfRRE6EREt fBLEREIIMRN Bfst kR htdHiZ#ion transmission in a first
synchroni zation transm ssion based on the channe

satioraefer fra8e; A conput er -readabl e nedi um i ncl udi ng

I nstr g%%c'o%& S0l r'o(:’\ndsett I%()elrrrggerfving %9 ornldsslyrq irg izgtliornsttr nsmission in a
instruction set for receiving®a TIrrst’synchronization
tdcand Mcasoodr the friankj rst | ocation of a frame; a second

instruction set for receiving a second, synchroni zation
t r ansfi ©adoipsiractipn 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.

44. The computer-readable medium of claim 43, and further comprising:

a fifth instruction set for determining frame boundary based on the first distance.

45.  An apparatus comprising:

a processor configured to send a primary synchronization transmission 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, and to send a secondary synchronization transmission in a second
location of the frame; and

a memory coupled to the processor.



second |l ocation of the franme; a third instruction set

for perform ng detection for the first and second
w@peuslosasns zat i on transm ssions; and a fourth PCT/US2007/080111

instruction set for determs3fing a first distance

between the first and second |ocations of the frane,

the first distance being different froma second

di stance between the second | ocation of the frame and

the first location of a next frame. 44. The

conmput er -r eadabl e nmedi um of claim43, and further

conpr #6i ngThaapparaths phelaimuds.iwereiatthd Grst dwasemipngd g at least one

fra boundary based.on the first. di stance. 45. An

oS per R S pRR g R ers Mmbb o R Hms. o sena a

primary synchronization transmssion in a first

| ocation of a franme, the first |ocation being )

non- of&r | apps rigpaiatus af claamstS.ondosithdhe firgcand sacapgedpcations

%ﬂes@&nd ol acgﬁ'testy%gﬁ f%rRJIrd.k BRI fRpChr oni zat i on

ransm ssi on sen east one nei ghboring cell,
and to send a secondary synchroni zati on transm ssion

in a % cond location of the frame; and a nmenory
coupl t o PREPHAYS ESTBFSINGD 2008/ 042865

PCT/ U§§%@§s@§ Q&;fgguféﬁto‘};@ceia_@@%ﬁ?@%%Hl‘froﬁifzat%t?iiréﬁsﬂlﬁssion from a

wher el the first |l ocation an | east one ot her

fiot atll om a dostrlesgoncbfteofraing.f the dmst legatiool bepryr nadsveoolapping with at

rane. 47. The a ratus, of clajm 45, wherein the .
ISP sfter e BmaBRaLA RS o e B duPaeaian ransmission
SR aPRaEL08S AbighP&idg 86TE in 48synthroRpRar @iWsrk, and to receive a
conprising: a processor configured to receive a '
prcongary syyaieenioniondransmissioansemghe dinstfoclrina sceprdsfocation of the
fgll,i%4a first location of a frame, the first
rame. an . . ,

ocation being non-overlapping with at |east one

ot her a heedlry osuplse® theproatssbeast one ot her primary
synchroni zation transm ssion sent by at |east one
nei ghboring cell in a synchronized network, and to

55182 TACEAMALYS BN KOO LRSI v
a chamo! gstiooitpfoedhd Hrst bell pasod es slor pridhry sYhehrappaticat ieseived from

f claim48, wherein the processor is. configured to o
g@r fu{,sé crg:]l, and to perform cghe?ent ctection of the secgn ary synchronization

transmission received from the first cell based on the channel estimate.

50.  The apparatus of claim 48, wherein the processor is configured to receive
a second primary synchronization transmission from a second cell in a third location of
the frame, the third location being one of the at least one other location, to receive a
second secondary synchronization transmission from the second cell in a fourth location
of the frame, to derive a second channel estimate for the second cell based on the
second primary synchronization received from the second cell; and to perform coherent
detection of the second secondary synchronization transmission received from the

second cell based on the second channel estimate.

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



a channel estimate for the first cell based on the

pri mary synchroni zati on received from the first cell
wa@pasesper f orm coherent detection of the secoPdEUY2007/080111

synchroni zation transm ssi3én received fromthe first

cell based on the channel estimate. 50. The apparatus

of claim48, wherein the processor is configured to

receive a second primary synchronization transm ssion

froma second cell in a third location of the frane,

the third [ ocation being one of the at | east one other

hoghhdrmg, celb in ex ¢hivd lecatior cafnthes §eoedang to detect for the primary

synchroni.zation .transn ssion fromthe .second cell in a
A L R S e A e
channel estimate for the second cell based on the
second primary synchroni zati on received fromthe
second cell; and to perform coherent detection of the
second secondary synchroni zati on transmn ssion received
fromthe second cell based on the second channe
estimate. 51. The apparatus of claim48, wherein the
processor is configured to receive primry

synchroni zation transm ssions fromthe first cell and
the at | east one WO 2008/ 042865 PCT/ US2007/ 080111 36
nei ghboring cell in a third location of the frame, and
to detect for the primary synchronization

transm ssions received in the third | ocation of the
frame.



