SI GNAL ACQUI SITION I N A WRELESS COMMUNI CATI ON SYSTEM
CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This
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Application Serial No. 60/580,809, filed June 18, 2004
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§ysa>tn,on, or the propagatl on del ay |ntroduced by the
comuni cation channel. The term nal perforns signal
acquisition to detect for transm ssions from base
at| s i(r)t t(ge system and to synchronize to the
g " guency of each detected base stations of
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signal via a communication channel. The system may use a transmission scheme
whereby data is transmitted in frames, with each frame having a particular time
duration. Different types of data (e.g., traffic/packet data, overhead/control data, pilot,
and so on) may be sent in different parts of each frame.

[0004] A wireless terminal in the system may not know which base stations, if any,
near its vicinity are transmitting. Furthermore, the terminal may not know the start of
each frame for a given base station, the time at which each frame is transmitted by the
base station, or the propagation delay introduced by the communication channel. The
terminal performs signal acquisition to detect for transmissions from base stations in the
system and to synchronize to the timing and ﬁéquency of each detected base stations of
interest. Via the signal acquisition process, the terminal can ascertain the timing of each
detected base station and can properly perform the complementary demodulation for
that base station.

[0005] The base stations typically expend system resources to support signal

acquisition, and the terminals also consume resources to perform acquisition. Since



[ 0005] The base stations typically expend system
resources to support signal acquisition, and the
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acqui sition. Sincesignal acquisition is overhead
needed for data transmissi®n, it is desirable to
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[0009] In an embodiment for signal detection, the terminal performs a delayed
correlation on received éamples in each sample period, computes a delayed correlation
metric for the sample period, and compares this metric against a first threshold to
determine whether a signal is present. If a signal is detected, then the terminal obtains
coarse timing based on a peak in the delayed correlation. The terminal then performs
direct correlation on the received samples with PN1 sequences for K, different time
offsets within an uncertainty window and identifies K, strongest TDM pilot 1 instances,

where K, 21 and K, >1. If each PN1 sequence is associated with M, PN sequences,

then each detected TDM pilot 1 instance is associated with M, pilot-2 hypotheses. Each
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rrous aspects and enbodi nents of the invention are
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FIG 1 shows a wireless conmuni cati on system [0014]
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[0015])  FIG. 2B shows TDM pilots 1 and 2 generated in the frequency domain.
[0016] FIG. 3A shows synchronous pilot transmission on the forward link.
[0017] FIG. 3B shows staggered pilot transmission on the forward link.
[0018] FIG. 3C shows asynchronous pilot transmission on the forward link.
[0019] FIG. 3D shows time-varying pilot transmission on the forward link.
[0020] FIG. 4 shows a process performed by a terminal for signal acquisition.
[0021] FIG. 5 shows a block diagram of a base station and a terminal.

[0022] FIG. 6 shows a transmit (TX) pilot processor at the base station.
[0023]  FIG. 7 shows a sync unit at the terminal.

[0024]  FIG. 8A shows a delayed correlator for TDM pilot 1.

[0025] FIG. 8B shows a direct correlator for TDM pilot 1.



[0019] FIG 3D shows tine-varying pilot transm ssion

on the forward link. [0020] FIG 4 shows a process
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reverse links at any given moment. The forward link (or downlink) refers to the
communication link from the base stations to the terminals, and the reverse link (or
uplink) refers to the communication link from the terminals to the base stations. For
simplicity, FIG. 1 only shows forward link transmissions.

[0029] Each base station 110 provides communication coverage for a respective
geographic area. The term “cell” can refer to a base station and/or its coverage area,
depending on the context in which the term is used. To increase capacity, the coverage
area of each base station may be partitioned into multiple regions (e.g., three regions).
Each region may be served by a corresponding base transceiver subsystem (BTS). The
term “sector” can refer to a BTS and/or its coverage area, depending on the context in

which the term is used. For a sectorized cell, the base station for that cell typically



reverse links at any given nonent. The forward |ink
(or downlink) refers to the comunication Iink from
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which the TDM pilots are transmtted, once, hi_general
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t.here_may_  be_ one or I[tiple pilot- 1 s ence
either 2 @éél and ?s transmit{relili in oge sanrlJple/cﬁip pen'og.q Lf‘DT\(/f pilot 1 comprises S;

complete pilot-1 sequences and, if S, L, <T,, a partial pilot-1 sequence of length C,,
where C, =T, -S,-L,. The total length of TDM pilot 1 is thus T, =S,-L, +C,. For
the embodiment shown in FIG. 2A, TDM pilot 2 comprises one complete pilot-2
sequence generated with a PN2 sequence of length T,. In general, TDM pilot 2 may
comprise S; complete pilot-2 sequences generated with a PN2 sequence of length L,
and, if S, -L, < T,, a partial pilot-2 sequence of length C;, where C, =T, -S,-L,. The
total length of TDM pilot 2 is then T, =S, -L, +C,.



for TDMpilot 1 and one or nmultiple pilot-2 sequence
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and C=32, then each OFDM symbol contains 544 samples. Other OFDM subband
structures with different numbers of total subbands and cyclic prefix lengths may also
be used.

[0035] The PN1 sequence may be applied in the frequency domain by multiplying
the L; pilot symbols with the L; chips of the PN1 sequence. The PN1 sequence may
also be applied in the time domain by multiplying the L; time-domain samples for each
pilot-1 sequence with the L, chips of the PN1 sequence.

[0036] TDM pilot 2 may be generated in the frequency domain in similar manner as

described above for TDM pilot 1. For TDM pilot 2, L, pilot symbols are transmitted on
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conpl exity be chosen to be_a small, positive
ﬁ%ﬁ\‘ﬁ%FOmﬂ’lﬁx%)hb‘éﬁB isRdydaren i ijﬁ%ﬂhﬁ@%ﬁ%ﬂ%&%ﬂ. Qbpgrve two base

g%gorgsj \Lftl?{h%%?P%Zss%ﬁﬁ'e%gg EeS% 1 fa({ APM 556 and the

sequence eac ionis used to uni quely

I[etm?] | f YA tdialind) 35§ ust DM BilaNPRUeRRE BIRY pregknb@sLa signal, obtain
Sstations.
coarse timing, and estimate frequency error. The terminal may use TDM pilot 2 to

identify a specific base station transmitting a TDM pilot 2 and to obtain more accurate
timing (or time synchronization). The use of two separate TDM pilots for signal
detection and time synchronization can reduce the amount of processing needed for
signal acquisition, as described below. The duration or length of each TDM pilot may
be selected based on a tradeoff between detection performance and the amount of
overhead incurred for that TDM pilot. In an embodiment, TDM pilot 1 comprises two
complete pilot-1 sequences each having a length of 256 chips (or S, =2 and L, =256),
and TDM pilot 2 comprises one complete pilot-2 sequence having a length of 512 or

544 chips (or S, =1, and L, =544 for FIG. 2A and L, =512 for FIG. 2B). In general,



[0038] To reduce conputation for signal acquisition,
each PNl sequence may be associated with a different
W@ w6072 PN2 sequences. A conposite set of MCVRS2005/021051

di fferent PN2 sequences is then avail able. Each base

station may be assigned ong of the PN2 sequences in

the conposite set as well as the PNl sequence

BOMDBiISK Banay édinprive ANCniestid 9TqR1089 Sdegidded, Ovibie ¥y Ske of any

station, Each base station thus uses a pair_of PN and
stLERAL pilehamaysalep FOBPEsH A BT TEotdrigameyses, which

ed by nei ghboring base stations. M

and%gsopﬁy S F'ect ed to be reasonably small val ues

f0640]edu d?éGc Gip blewi st g/ sinthrenehs ipioe hhsmikaem scliemeefos Lthe forward

t hat_ no term nal observ base stations

lile Bl Biito s e s ng ) sy NS Ry hropgoyd tehsmit thei

TEMbAG a fder%aT@?/lﬂEE Sddhe ﬁm%o Aj%ﬁﬁﬁalf&fl rb&ve the TDM pilots

gresence of a si , Obtain coarse timng, and

emi aklpbase fstatique ntcs,ppecrmmratelynhe Stamemrnalwnﬂaynw mimDakew between

ot 2 cific. base sta

B it B, Bl o) BREGhasitin BG4 s sndcppsgply other
fabtots1 OB €ynchidiizify e TDN Fikitd 86M diffeent/B&eqtations) interference by
separate TDM pilots for signal detectiaon and tine
g nidMapilosa fipBnoreabase statice qnh‘éat%\mwsapnsp%ewé bagg stations is

d b

ARRART R, Sag Mo AES el BETARRALS DRUnBERRY, i Rfference
Pamettle @tataatraxrsaﬂsm‘n& dnethecsEPMdpif@s tis elso pepided,nehick maydimprove
t he. anount_ of overhead incurred for that TDMpilot. In
aa“l‘i“@ﬁ’d’&ﬂe#@ﬂ?an%w pilot 1 conprises two conplete

hﬂt 1 HEI8BNE8Ws %as@é% it &rah@Ri9dibn 9¢hedROfof MiePBrward link.
S1 =2 and L1 and TDM pilot 2 conprises

Eméh@ oo, éhqiiasmtatzormq @lmozetemaw Apnchraneng but ttﬁlsmmzhelr TDM

ﬁ)_l&)tsz at5dj§h r,regt? tlréfstfo%gt) the TW (ghlngsaaﬁre 5%&&{ fhe%aﬁapia? ions may be

idenifiddssy &Byirr[blm’&ﬂ’ﬁclpﬁlep Itﬂa@:imlt ihe&EHDEﬁ@@c&s Thé §dilndﬂ'BN sequence
be of an% I enﬁ and TDM pilot 2 nmay al so conprise
HAY bsurse fopp maﬁ%ﬁtagowe@e‘é b procgsing foreyenal ssqyaition may be

%ﬁﬂcéde&]lg“ﬂticilg'gﬁ'gdr}eﬁ S':'ase?’ﬁatﬁﬁgm@l : %Er{ Eﬂu§eqﬁkﬁc%t For this

ransm ssi on or t orward
shmapthetgilot asanistiat ifons each bise statwhesbsaves interference from the

nchr onous d transmt their. TDM pil ots at

‘i’%?) FBRSIHEH QIS %Belggl?f’é‘"lglbﬁ%e StiQ0Sy ni nal can recei ve
az]TDMmd 8SshoWR %aés&n&m@ bitht @ARnAdsiGARhEME mattﬁk Yorward
he same tine, with any timng skew between the base

kinkat Fomiistrsheme.dthe bass sdaltfome i ﬁ@eﬂysﬁem g\e@pﬂgvhrqnons and each base
%qﬁtéoq'x}l/_%ﬁas%q p?:’ﬁPM 11(%5 fbggerd];c%f ! ?o)g@lem T?xl o plio%s B8m different

b3t efafiefisansethiy arrive at different times at the terminal.

[0043] For the synchronous pilot transmission scheme shown in FIG. 3A, the TDM
pilot transmission from each base station may observe the same interference from the
TDM pilot transmissions from neighboring base stations in each frame. In this case,
averaging the TDM pilots over multiple frames does not provide averaging gain since
the same interference is present in each frame. The interference may be varied by
changing the TDM pilots across frames.

[0044] FIG. 3D shows a time-varying pilot transmission scheme for the forward

link. For this scheme, each base station is assigned a set of Mg PN1 sequences for



the TDM pilots from one base station on data
transm ssions by other base stations is avoided, which
worgcionggnpve data detecti on performance. Furt he€OE®5/021051
interference fromthe data transm ssions on the TDM
pilots is also avoi ded, whoch may inprove acquisition
performance. [0041] FIG 3B shows a staggered pil ot
1S e b Ba88 sth QSRS ohé BK1 oF M
DRI G T i, SR sl o 4L sElentfof TDM pilo 1
foy Badl aine sSndoeicldsitridaph thet Vg PN 1TdalyhdhicbOinSMa tfradiek f BXiffétent base
times so that the TDM pilots are staggered. The base
gatians grrsaspigpehdifierrahsaty ﬁ>feMB By lts§guencee at which t hey
m [ [ 7} 13094 «
@bﬁgﬁf otrh% Igft (Efg eDMgl It? gé&ﬁcesw t ﬁsegslrt\%c es sﬁ%%lg?gd & long
«idgh ahataspgos acosso muiltiple HfemesduEach df dmaMc BNIlyseguérdves may be
al | . base stations_using th ne PN se uence. FqQr..this
SRR 3 RO of THedAR A A TFAYHR EERERIGIIEEh & FLfferg Seed for
ﬁ@%@ﬁ%@&de' nferdigEEResvEr ﬁﬁbés@iﬁ ﬁ@léx'it?nﬁl@ samlk A8 EddRMhay be
nei oring base stations. shows an
@ﬁ@sirfmlbbasu stapbmsmand ¢aa;héaa$fs§atm m@hbmssf@pd eldefférentvodiset of the

b tat
LohB S o g R e T 0 BB Tl B R T where
E@N‘vvﬁ*ﬂhhp& fanb@ S £0l ti2Bugh M1 1M Mee PRNQedlddedy foPbaselstafith i, starting
di fferent base stations rray thus arrive at different

iti nxsighbitet] HRntes tsthe@ kiveh @O4BN1FOPNIfE, $WNICHL andsGon. Detection
pi l ot transm ssion schene shown in FI G 3A, the TDM
of 2 given rPé*{ﬂsmqgsncsrprflom@@cW&yaseéorg with dhe ﬁayneobsv@methe PN1

%e?lg?ﬁscﬁgf é%geg{%d nrg a g i ?e]:st hgtelggvle | %.ilrl'c:ién Wr%ll%ﬁhge of PN1

ScEéncesihRIdatcieg Pmeseaﬁlﬂcebblehgs over rrul tiple frames
does not provide averaging gain since the sane
[09del f edegererpls 1TBP’€9§§‘|11ta°‘il‘HSlg% Rerforpance may be achieved if all base

ANl FHRIE Pt Sy R 0 S GRANA A, TOB PRYG B b Same tme

Hbtweter} thimnis Iﬁb’sashmessar,}hmIHitfom aridhal 610a svirset dfi th]ekbasE(sratlons in the

this sch bas |on [ S d .a set .of M
pRiey eauilﬁ&éxn@ewm P¥ Er‘g tﬁkg‘ﬂ oyving-desqripti assumes
GihAth PRseUSRDNO RS s hrmg.ence for TDM pilot 1 for each
frame and cycles through the MB PN sequences in MB

[0047ks. FIGS 24 end 2Bashewstha usoaktvey €DM pilgtscet BPM pitegnd and 2.
S
Bk et el plp et 3R ey B ool )8 5B T iR eblsiion by e

tehain@lsC @heh TDMpilspmas baaématemxwth pldeffdré@sesof BAGE uehces. A

the MB PNl sequences &/
hierarchical structure may be used for the PN sequences. For example, TDM pilot 1

may be associated with M; possible PN1 sequences (or M; possible sets of PNI1
sequences), each PN1 sequence may be associated with My possible PN2 sequences,
each PN2 sequence may be associated with M3 possible PN3 sequences, and so on.
Each PN1 sequence may be assigned to a large number of base stations in the system,
each PN2 sequence may be assigned to a smaller number of base stations, and so on. In
general, each TDM pilot may be generated with a PN sequence or without a PN
sequence. For simplicity, the following description assumes the use of two TDM pilots

generated with two PN sequences selected from two different sets of PN sequences.



consi dered as a segnent of the | ong code and may be
generated with a different seed for the | ong code. To

WO e@do@mecei ver processing conplexity, the saP€T/USI9g5/021051
code nmay be used for all base stations, and each base
station may be assigned aidifferent offset of the |ong
code. For exanple, base station i nmay be assigned a
(06 COfRe Hrfdll REfolths dREESR FocdsSin fobisierl 4RREEorPhnd time
O through MB - 1. The PNl sequences Tor base station
synchsomdrationg The use d€ diffpmentt PN sequenses for TDMrpityitsy £and 2 :allows the
PNI. Ki PNl ki +1 PNl ki +2 nd so on.. tion of
) g AP dEc PSR sstng ot A o sr P BReroRl bW T
the frame in which the PN sequence is detected

r el atfi, vPelayedEo iR tisinfACTDM plot dan i dentify which
set of PN sequences the defecte | sequence

ngs | . . R .
DI 07 s R e AEPRE S TR LY bRy be expressed a:
the system are synchroni zed and transmt their TDM

pi | otnpt M slaye w(nre y(Mowe(@r,, this is not a Eq (1)
necessary condition, and all or a subset of the base
stations i.n_the system nay be asynchronous. For

veese i 1 {8 anipder s%ﬁ%leﬂ’@l“l"gvm ng description assumes

t hat : [ : . )

oo SRR AL Bt R QA

pi | ot Hni i8@complek BhgMBEFith obsaR)ed by sh@pleof(nYPM pi | ot s

may be used to facilitate signal acquisition by the

t er mi n{a) s a Eacived faumpie bothinad Py B tagsioal fat sanpif perica 7;
different. set of PN se(iueng:es. A hi erarchi cal

st r uctupds theynopse fossamnnlepeniadd’, PN sequences. For

exanmpl e, T ilaqt 1.may be associated with M

possi%@%‘lﬁﬁm@ék{ﬁeﬁ?‘és (or ML possible sets of PN

seque@cg%%)tesg%gﬂvﬁmons |igldge may be associated with
sible

M2 pos sequences, each PN2 sequence may be

BRI onrBR b oF R B RSRNELSFS) BRMGREaFBigpion

cn PN ssigne

seqsence! The tmihd) nidiepeafozinedslayed ebrrEldkors 65l debsteformdi¢ peesence of
assigned to a smaller nunber of base stations, a

d
asrunder]yige merigdic signah (erpmlBM gilotyhinhe g%cﬁé'ieﬂtsé@an' Fﬁg gelayed
C%ﬁleﬁ’?gﬁﬁﬁ&n%e%& 'geggy:t a PN sequence. For sinplicity,
the Toll'owi ng de

cription assumes the use of two TDM
pilots generated with two PN sequences sel ected from
two differgnt, sets of PN sequences.[0048] The term nal
perfoﬂf@ﬂ' ’fé’i‘éh)t"?ﬁ"r‘o’c'e%éi ng for signal detection and Ea (2)
ti me synchfbni zation. The use of different PN
sequences for TDMpilots 1 and 2 allows the term nal

Wwkeré PC(#) iR deR§edést@ffontesultfor §ngepénsd A;asks, as
descri bed bel ow.
N; is the length or duration of the delayed correlation; and

“* > denotes a complex conjugate.

The delayed correlation length (N;) may be set to the total length of TDM pilot 1 (T;)
minus the length of one pilot-1 sequence (L;) and minus a margin (Q;) to account for
ISI effects at the edges of TDM pilot 1, or N, =T, ~L, —Q,. For the embodiment
shown in FIGS. 2A and 2B with TDM pilot 1 comprising two pilot-1 sequences, the
delayed correlation length N; may be set to pilot-1 sequence length, or N, =L,.



1. Delayed Correlation for TDMpilot 1 [0049] At a

termnal, the received sanple for each sanple period
worayeloas7ekpr essed as: r(n) =h(n)(r)s(n) +w(n) BE(/N¥2005/021051

+w(n) , Eq (1) where n is an index for sanple period;

s(n) is ati rre-domai n sanplle sent by a base station in

sanple period n; h) is a conplex channel gain

(085 rvegqg émlc&n 83 a cofrélation se@eaﬁ@\% Y&@w%@'?@énﬁles r(n —i)

obt ai ne eter nal for sanple period n

drlae rppol zSELf)O"tha‘Eadi@'sﬁadé&rdpﬁﬂ by Lx(sra)nﬁ%eﬂod’mvrﬁéms the pilot-1

and <8> denotes a convol ution operati on. [0050]

Righéice 1eﬂgi$h a ThEY edetilgion) Whith ©osRESPd Ffn -S3-A(RSY arlqyeSremoves
of the pilot- 1 sequence. The term nal may perform
the Ieﬁfycﬂobfctber ca@hmtinioatignochdene ovithout relqhmqgraedennd gain estimate. N;

oAb ag, e e N et 5ot peretivEh sig)es, buatiof @) then
&é&hﬁ&&%%@% cSkAhtion fSults &n? thioubh Hn - NEG- 1§ 2 obtaﬂl the delayed

where C() Is a delayed correlatioR result for sanple
qefelatidn Resull1C(r9 , whithliengémplex valueat i on of the del ayed
correl ation; and " * " denotes a conpl ex conj ugat e.
mﬂézldel Ay ddaysdroontlatipomelrirmenbg dafineduy theesquated mepgnitede of the
‘ifii nlghof TDM&Iot 1 (T1) minus the length of
aeyeﬂicf’g? o%g,&ﬁl&r?gg lol_“?) and mnus a nmargin (Q) to
account for ISl effects at the edges of TDM pilot 1,
or Nl‘gg,,'&';]{ énj_|1 - QL. For the enbodi nent shown in Eq (3)
FI GS. 2B’with TDM pilot 1 conprising two
pi | ot-1 sequences, the delayed correlation | ength N1

gse Seénotdd the $qbrell IsaGUeAcef 4.ength, or N1 =
L1.[ 1] Equation (2) conputes a correlation between

[0863]r ec dhegamsiaalpiney declare ihe presence -of - TIDWA) pildtal ifuthe following

%Png ed . aﬁ_ﬁtrt by L1 sanple periods, which is the pilot-
W&HER® ength. This correlation, which is c(n - )

=r {n - r(n - i - L1) , renoves the effect of the

comrug'g,éa}jl,q)g hannel without requiring a channel gaingg )

esti ma [ rfel ati ons are conmputed for N1

different pairs of received sanples. Equation (2) then

where E is the energy of the received samples and A is a threshold value. The energy

Ex may be computed based on the received samples used for the delayed correlation
and is indicative of the temporally local energy. Equation (4) performs a normalized
comparison, where the normalization is based on the energy of the received samples for
TDM pilot 1, if it is present. The threshold value A may be selected to trade off between
detection probability and false alarm probability for TDM pilot 1. Detection probability
is the probability of correctly indicating the presence of TDM pilot 1 when it is present.
False alarm probability is the probability of incorrectly indicating the presence of TDM
pilot 1 when it is not present. High detection probability and low false alarm probability
are desirable. In general, a higher threshold value reduces both detection probability
and false alarm probability.

[0054] Equation (4) shows the use of an energy-based threshold to detect for TDM
pilot 1. Other thresholding schemes may also be used for TDM pilot detection. For

example, if an automatic gain control (AGC) mechanism automatically normalizes the



accunul ates the N1 correlation results c{n) through

c{n - N1+ 1) to obtain the delayed correlation result
w@gop/0097nhi ch is a conpl ex value. [0052] A del pgEUS2005/021051

correlation netric may be defined as the squared

magni t ude of the delayed c@rrelation result, as

follows: S{n) =\C[n) \2 , Eq (3) where \x \2 denotes

élfé?%ysé’ﬁﬁé S&telVRARMMPRS, BEn dn abdofS HreshBfI @Y BER3Ed FBRYIDM pilot
decl"are the presence of TDMpilot 1 if the follow ng

datectioni on is true: S(n) > -\E\2 , Eq (4) where Erx is

ene of the recei.ved s | es. and,J _i,s a
(RS POt oo SR, PR R Bor aifrrfautisadty delaved
rl MRn"BRM TOH) SANPHESorHRREd fiRlealgntéiRad B8 Rhown in equation (2).
correlation ahd’is indicative of the tenporally |oca

ERedddyyed tatalatiOnresdlls Al aniteEnad ity iEidoh&efitlE edtRBinES &4 follows:
where the normalization is based on the energy of the

received sanples for TDMpilot 1, if it is present.

The t preghaol e | may be selected to trade off

betvveg:‘l’“’ t eé (l\fglr'#probabi lity and fal se alarm Eq(5)
probability for TDM pilot 1. Detection probability is

the probability of correctly indicating the presence

Dhe subteith&pnitlde\bfthe combied delagd corfetdtida rédudt) 8t |C,,,(n)|?, may
probability is the probability of incorrectly

i ndicating the presence_ of TDM p%og 1 when it is not

b corenpred dgayst ¢ aeraalizehthessBeldnii XL & atheteohy 1sdhg geceived energy
al arm probability are desirable.’3n general, a higher
fhugehel d val ue reduces both detection probability and

fal se allarm probability. [0054] Equation (4) shows the
[9986jof diheetermigyl bamputes Hane dhglotht t delajet ectrrelaionTONk) for each
pilot 1. OQther threshol ding schenmes may al so be used

RBTDIer DRTiof Pokaset OBCHPE GRCEi Yo SAEIRIRBPRIenES 6t 0k ot the delayed

e RPID recthire LR d ot Bt iy DBCAF 5t 53 then the
glo‘fit}{'é'%él &d Eg’ﬁgatﬁoqlr hat AYHRAGRAr s gﬁ QGhd2 ottécpgg%ﬂst sample
ér? e W F mul Tl pﬁ e é("Fgl

term nal Ts equi ppe
petiodmaThe tdeyed berreleticy adule bt al prhk ealuees shinple periofl n,. This

may be conputed for each antenna as sho I.n equation .
Pk, ooeEs aeAy &;weé! SRITLAIoRo SRATS STOF oHUTn 4t GRS pilot-1
ééégﬁ%r%)%s.cqli‘%@ elayed QORERRGH 38 pbAbIMS as ‘destribéd abbld and in the
absence of noise, then sample period 7, is “close to” the end of the second pilot-1
sequence for TDM pilot 1. The imprecision in the peak location is due to ISI effects at
the edges of TDM pilot 1. The magnitude of the delayed correlation result falls off
gradually on both sides of sample period n,, since the signal is periodic over only a
portion of the delayed correlation duration for all other sample periods.

[0057] The terminal declares the presence of TDM pilot 1 if the delayed correlation

metric S(n) crosses the predetermined threshold in any sample period, as shown in

equation (4). This sample period occurs on the left or leading edge of the triangular
shape. The terminal continues to perform the delayed correlation (e.g., for the next L,
sample periods) in order to detect for the peak in the delayed correlation result. If TDM
pilot 1 has been detected, then the location of the delayed correlation peak is used as a
coarse time estimate. This time estimate may not be very accurate because (1) the

delayed correlation result has a gradual peak and the location of the peak may be



The squared nmagni tude of the conbi ned del ayed
correlation result, or |[Colal (n) |2, my R be
we eopanedl agai nst a normalized threshold | E . PCTAWRBIOE021051
E . is the received energy for antennay. [0056] The
term nal conputes an Nl-pgint del ayed correlation C(n)
for each sanple period n based on the received sanple
' I

EERE S blphecchdd offtsd I G KSHATNE SRR XTI PR Bipt 1 causes
de‘gra‘ainmﬁlthe ti¢leyed: doeretatign irdsulle of t he del ayed

eIa ion has a tria uIar shape when Jotte
05 s M%ﬂ%ﬁwo fepfang A3 YRAFOEBIABR A Pfprmed across an
&Pt frhmB 36 o@taﬁﬁ@ﬁel&@d‘&r@tanﬁﬁ‘ WRiGc Rladiflsdhihle PG REAK frame.
occurs when t delayed correl ati on spans the duration
Bie largest dwiamdl Q@trelallosmﬂmgeﬁle frdme fectheie peoyéded as the location of

t§8 §fgﬁeg§d ’)?Igl# Plg(gef (i e d(é(%%fed %g I @gteab?ms € ri)%dgn?ntt performs

TIDM ﬁﬂkﬁ DPietedtdbnseitend thd Lt of eﬂ-tlﬁ'ésllbﬁnﬁ‘aﬁi may alkoMeideOfalse peak
inprecision in the peak |ocation is due to_ ISl
@ﬁw@n glug o inerfergrpesirern, Fpnvagrayency. divisionaplviptexed (PM) pilot
C
%lot qg%ngfﬁﬁ%gf&élgﬁtllcﬁﬁiyoﬁrl&s%gﬂé hatfagddrl;@%lpﬁ:l g&gl?ﬁié{ﬂ% Ib.)(/sn%{khbonng
e statlons amdmr tlmmlbegse stapor bemgl derbctedhe()timk aglzerhes (wh1ch may employ
correl t|on ration far all her sa

eri ods

pepphigt o Tordl mpbast he SiaccS dRiee: BF terrismeee! TOM
pildtl dhi%o Q&Eﬂiﬁﬁgﬂﬁ%c‘aﬁbﬂbfﬁx@ deRYEd SorrlltonGfearses t he
predeterm ned threshold in any Sanple period, as shown
[085%quafThe nietadfyd cmmlgtlcgamssenpeﬂy @sledotvcdnt@pt dor thhepreseeme of an
L?l’%iﬁi‘l?lﬁlgl h p (§“1Igp%lr mbl%ﬁt (Iie&%)fe ;%03{' H)?xg}e Ehus m"?&n@ 2 multlpath
(ﬂégliadafiﬁnsﬂﬁuﬂ stilll é%f(ﬁb@nﬂﬁipaﬂﬂﬂl)vetsﬂyorﬁﬁﬁ is Becdt&§€eﬁtpe1"16dlc signal
the peak in the | ayed correlation result, IfT
jemags periedis 1ethp persersst fgnultinath- + Fusthegnere; tfanB]IUPl%'éase stations

d [

EESICR RS SRl SR, et RpRAR SEndl ke torminal s
dlsc perselid. 1 Fort fyachiehaysepilat oranahmtlbn ras rshewnh tin F&S. A, TDM pilot 1
radug eak and the_ | ocat of the pog_a(lge ma . i
FerTHially abserees Ro tiRkerisrence rﬂtoé BE myBIoSE 11>?§ qogjelagion) and is
ﬁﬂﬂs%te%% siflydy th&%laTQMspl A@ta ré'suf{aﬂ'n? %f%nqﬁﬁtﬂ%ﬂaﬁa (SNR} Hcarrier-

del ayed correlation result. n an alternative
erbtedieremne ratich €Cdlk ffery EBDM @nlpé |l amay) rbei kigherr then rthel SNR for other

G 8, BBk STE 2 BREI) £l PARIcARRE A0 oot

deasgios pedBinaned withra' shbaér TIDMIflot il @utdlioh/whikh a¢dRicésSoverhead.
t hen provided as the | ocation of
[0060] The terminal may obtain a coarse frequency error estimate based on the

delayed correlation result C(n). If the frequency of a radio frequency (RF) oscillator

used for frequency downconversion at the terminal is offset from the center frequency
of the received signal, then the received samples have a phase ramp in the time domain

and may be expressed as:

r(n) = y(n)- " + w(n) Eq (6)



the detected TDM pilot 1 and the coarse tine estimate.

Thi s enbodi nent perforns TDM pil ot 1 detection w thout

wo bweew1inf a threshold and may al so reduce faPGBUS2005/021051
peal detection due to interference from e.g., a

frequency division nultipligaxed (FDM pilot that is
transmtted continuously across the data portion of

i
e e e

Jsilislorhinge tdigidapcat i on of the del ayed correl ation
peak. [0059] The del ayed correlation is essentiall

(0864 t olfcthe expreseion tforether reedivrele sasiples inu aguation (A is used for the

riodic si.gnal . The dgla r af i kS thus .
Piveh Sors Bl oh sartonc oatel R ehisToL i ddaled; rstation resut
(BRsuinimpakd nslse) s Beyexpiddéed dss because a periodic signal
remai ns periodic in the presence of nultipath.
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reduces ovetheafd. [0060] The term nal may obtain a

coarse frequency error estinate based on the del ayed
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[0063]  The frequency error Af may be corrected in various manners. For example,
the frequency of the RF oscillator at the terminal may be adjusted via a phase-locked
loop (PLL) to correct for the frequency error. As another example, the received samples

may be digitally rotated as follows:

r(n)=r(n)-e "V Eq (9)
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[0065] The terminal may perform direct correlation to detect for strong instances of

TDM pilot 1 within the uncertainty window. For each time offset within the uncertainty
window, the terminal may perform direct correlation for each of the M, possible PN1
sequences that may be used for TDM pilot 1. Alternatively, the terminal may perform
direct correlation for each PN1 sequence used by a base station in a candidate set for the
terminal. This candidate set may contain base stations (e.g., sectors) identified by the
base stations with which the terminal is in communication, base stations that the
terminal has identified itself via a low-rate search, and so on. In any case, each pilot-1
hypothesis corresponds to (1) a specific time offset where TDM pilot 1 from a base
station may be present and (2) a specific PN1 sequence that may have been used for the
TDM pilot 1.

[0066] The direct correlation for TDM pilot 1 for pilot-1 hypothesis (n,m), with

time offset of » and PN1 sequence of p,, (i), may be expressed as:
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used for the T ilot 1. [0066] The direct
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s¢quenggs| are evaluated, then the total number of direct correlations for TDM pilot 1 is

320-M,. In general, the terminal performs K; direct correlations for K, different time
offsets for each PN1 sequence to be evaluated, or K, -M, direct correlations if all M,
PN1 sequences are evaluated.

[0068] The direct correlation is used to identify strong instances of TDM pilot 1 in
the received signal. Afier performing all of the direct correlations for TDM pilot 1, the
terminal selects K, strongest TDM pilot 1 instances having the largest direct correlation
results. Each detected TDM pilot 1 instance is associated with a specific time offset and
a specific PN1 sequence, e.g., the k-th detected TDM pilot 1 instance is associated with

time offset n, and PN1 sequence p,(i). The terminal may also compare the direct

correlation metric for each detected TDM pilot 1 instance against a normalized

threshold and discard the instance if its metric is below the threshold. In any case, K;



pm' (i) is the i-th chip in an extended PN sequence

for pilot-1 hypothesis (n,nm ; Dm(n) is a direct
waevoeebertii on result for pilot-1 hypothesis (n,P€T/UsS2005/021051
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di rect correla on res, Each. det ec
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1% &si fic PNl sequence, e.g., the & th detected TDM

ot 1 instance is associated with tine offset nk and
PNI sequence p k (i) . The termnal may al so conpare
t he d3.r RireddComietatiomforeIDM Pilot 2each det ected TDM
pilot 1 instance against a normalized threshold and
ogcjar d Thb gerimingdl @nglgated the kS deRictedCTDM gikk @hstiiRes by performing
threshold. In any case, K2may be a snull value_ for

diFget comrelalion e the @ﬁelm fmmés fos rWMaﬂ“lqt§ With é’rlkBt seqyencgs. For
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pilot 1 instance. Each detected TDM pilot 1 instance may thus be associated with M,

pilot-2 hypotheses. Each pilot-2 hypothesis corresponds to (1) a specific time offset
where TDM pilot 2 from a base station may be present and (2) a specific PN2 sequence
that may have been used for the TDM pilot 2. For each pilot-2 hypothesis, the terminal
performs direct correlation on the received samples for TDM pilot 2 with the PN2
sequence for that hypothesis to detect for the presence of TDM pilot 2.

[0071] The direct correlation for TDM pilot 2 for pilot-2 hypothesis (k, £), with

time offset of n, and PN2 sequence of s, , (i), may be expressed as:
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base stations for handoff. [0069] The direction
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[0073] If the terminal is equipped with multiple (R) antennas, then the direct

correlation G, ;(n,) may be computed for each antenna j for a given hypothesis (k,£),

as shown in equation (11). The direct correlation results for all R antennas may be non-

coherently combined as follows:
S 2
H (1) = Z IGt,j(nk) I~ . Eq (14)
j=1

Equation (14) assumes that the path delay at all R antennas is the same, but the

magnitudes of the channel gains for the R antennas are independent. The composite
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since the subsequent direct correlation for TDM pilot 2 will most likely catch this false

alarm as a bad hypothesis, i.e., this hypothesis will most likely fail the normalized
comparison in equation (13). An adverse effect of a delayed correlation false alarm is
extra computation for the direct correlations for both TDM pilots 1 and 2. The number
of delayed correlation false alarms should be kept small, e.g., to a given target delayed
correlation false alarm probability for any one frame. A false alarm for the direct
correlation for TDM pilot 2 results in an increased false alarm probability for the overall
system. The false alarm rate for TDM pilot 2 may be reduced by performing direct
correlation with only PN2 sequences used by the base station(s) in the candidate set. A
large frequency error that exceeds a maximum allowable range is not corrected nor
detected by the direct correlations for TDM pilots 1 and pilot 2, and hence has the same
effect as a false alarm.

[0077] A mechanism may be used to recover from a false alarm event in the direct

correlation for TDM pilot 2. If the direct correlation for TDM pilot 2 declares
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associated with a spéciﬁc time offset and a specific PN1 sequence. The terminal may
evaluate M, pilot-2 hypotheses for each detected TDM pilot 1 instance, with each pilot-
2 hypothesis being associated with a specific time offset and a specific PN2 sequence.
For each pilot-2 hypothesis, the terminal performs direct correlation on the received or
frequency-corrected samples with the PN2 sequence for the hypothesis and compares

the direct correlation metric H,(n,) against the normalized threshold to detect for the

presence 6f TDM pilot 2 (block 418).
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term nal per direct correlation on.the received .
eme showr? n IEI?_{TE or the asynchronous pilot transmission scheme shown in FIG.

3C, the terminal may continually search for strong base stations by performing delayed
correlation as a background task while the terminal is communicating with one or more
base stations in an active set. The delayed correlation provides coarse timing for the
strong base stations found by the search. For the synchronous pilot transmission
scheme shown in FIG. 3A, the timing of the base stations in the active set may be used
as the coarse timing of other strong base stations. In any case, the terminal may perform
direct correlation for TDM pilot 2 for all new base stations with sufficiently high
received signal strength. Since the terminal already has accurate system timing from the

base station(s) in the active set, the terminal does not need to use the coarse time
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the system, then computation is minimized if M, =4 and M, =64, and the number of

direct correlations is 2304. In general, any values may be chosen for M; and M,
depending on various factors such as, e.g., the total number of PN2 sequences required
by the system, the uncertainty window size (or K;), the number of detected TDM pilot 1
instances to evaluate (K3), and so on. Complexity may also be reduced by searching for
pilots with PN sequences used by base station(s) in the candidate set.

[0086] The TDM pilots may also carry data. For example, TDM pilot 2 may be
used to send one or more bits of information, which may be embedded in the PN2

sequence used by each base station. Instead of having M, -M, PN2 sequences for
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conplexity of acquisition and the false alarm

barss k?&’éiom trapsmigting faes TDM tpilet and detempingdts tyRingheAltemnatively, the
{151 in Q{f&kﬁ?ﬁ Lt Lh&Said g AR AISdmBRE & AL THM pilot with
Rethfigh ) fract poetadio N

correlation e sane
¥ dimieed) set AS Pah sepanqek €e.gi, ffoKbase Sabndiinah¢ candidate set) to reduce
correlations are perforned for each PNl sequence
gmplexity or 5 | ag of 80 chips) and K2 = 16 direct

EMBSF' atlh ‘Bﬂﬁtlaﬁ £ M8 TN BEi(§)0achdabe SENFrSRIMIMEBM-based system
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mRy dramem;t g draquennyi diyisions multlplexed (FDM) pilot on one or more pilot
subbands, which are subbands designated for the FDM pilot. Each base station may

transmit the FDM pilot in data field 230 in FIG. 2A and may apply a unique PN
sequence on the pilot symbols sent on the pilot subband(s). The first PN chip in this PN
sequence may be used for the FDM pilot in symbol period 1, the second PN chip may
be used for the FDM pilot in symbol period 2, and so on. The PN sequence used for the
FDM pilot may be the same as, or different from, the PN2 sequence used for TDM pilot
2. The FDM pilot may be used to improve acquisition performance, e.g., to reduce false

alarm rate. The FDM pilot may also be used to uniquely identify the base stations in the
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-MR) . Fromthe direct correlation results, the

[0893) NalFI€a8 sho® o hivldcke@EEam of a base station 110x and a terminal 120x,
which are one base station and one terminal in system 100. At base station 110x, a TX
data processor 510 receives different types of data (e.g., traffic/packet data and
overhead/control data) and processes (e.g., encodes, interleaves, and symbol maps) the
received data to generate data symbols. As used herein, a “data symbol” is a
modulation symbol for data, a “pilot symbol” is a modulation symbol for pilot (which is
data that is known a priori by both the base station and terminals), and a modulation
symbol is a complex value for a point in a signal constellation for a modulation scheme

(e.g., M-PSK, M-QAM, and so on).
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pat h metric a synchronous system t he base
mlfca‘mat;mtqmyOFDb(hédelﬂam 560T@N40p|alcontsolkrél%@1 2 at the
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$athplésNBased®n ﬂﬁ@mm%ﬁmfdrfﬁatl&lﬁ frolP{ini$ 15@@ afd oBtafsMeceived data and
pilots, the termn may obtai n del ayed correl ation
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gﬁln£ )? gsgtsta%%%el 18>t( atOIF?)Iﬁ dlrl]lator %66 Ipyo%lé:eg itﬁ]ec(ilqucrget:da (!laltX symbols
to a receive (RX) data processor 570. RX data processor 570 processes (e.g., symbol
demaps, deinterleaves, and decodes) the detected data symbols and provides decoded
data. RX data processor 570 and/or controller 590 may use the timing information to
recover different types of data sent by base station 110x. In general, the processing by
OFDM demodulator 560 and RX data processor 570 is complementary to the processing
by OFDM modulator 520 and TX data processor 510, respectively, at base station 110x.
[0096] Controllers 540 and 590 direct operation at base station 110x and terminal
120x, respectively. Memory units 542 and 592 provide storage for program codes and
data used by controllers 540 and 590, respectively.
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gﬁi&t&bm AMmafes aY Rafiend&Pearor il tHereddi v aindled ba&AINMEBE phase of
the delayed correlation result at the detected peak, as shown in equation (8), and
provides the frequency error estimate. A frequency error correction unit 726 performs
frequency error correction on the received samples and provides frequency-corrected
samples. A direct correlator 730 performs direct correlation on the frequency-corrected
samples (as shown in FIG. 7) or the received samples (not shown) for different time
offsets in the uncertainty window, which is centered at the detected peak location, and
provides direct correlation results for TDM pilot 1. A peak detector 732 detects for the
K, strongest instances of TDM pilot 1 within the uncertainty window.

[00100) Within TDM pilot 2 processor 740, a direct correlator 750 performs direct

correlation on the received or frequency corrected samples for different pilot-2



(RCVR) 554. Receiver unit 554 conditions (e.g.,
filters, anplifies, frequency downconverts, and
waoe@ietodwes) the received signal to generate a BCT/@82M®H21051

recei ved sanples. A synchronization (sync) unit 580

obtai ns the received sanplygs fromreceiver unit 554

and perforns acquisition to detect for signals from

d f

R RpS Rl Ry, RS BB RicsS TP infcks from pea
detdotordRiand pravides dijeOModretntido resulis fGaResapddB? hygpotheses. A pilot

ntro 590. .[ 0095] OF 956 erfarns .
B D JSTRE: B BRPRE T eburL 3o SBY 6 BaBE O Dalized
ddntfariSort SR Rtdqantidd @B).URilbt &B&taS2GRbAHASthE ¢Eeptivesh well as
data and pil ot synbol s. OFDM denodul at or 560 al so
the timingref etch detectod bmrstamen@hﬁw c?erqctceloum; on the

veg.da
(0858 o g1 6788 AR bk ddbadi SRATBEbo SRR 1y Soprethor 720
foy MDNspilostt. cWidtiie deBilyedrebmelatot 720pa dhifbrepysidrod 12 @driength Ly)
by base stati on 110x., OFDM denodul at or 560 pr.ovi des
qeﬁ@veear@dt@ras thergcalygdhsample 5() forearky éar{rmeag@ g and provides a

?rg’%i\crﬁpsgmpﬁér&a POl i e deoB LR dfgabbicperions. A

St LT MRS 400

the %é&vddra‘aﬂfplmwrgn foidey arcoflipldxedoRdiigateieseivdd haipde " (n).
sent by base station In general, the processing

Bor Gleb\Madwpio geriadt m aﬁﬁﬁltuphct BM ahmlaplmsotbesbtay%?@ceu@d sample
conpl ementary to . the processi ng by OFDM nodul at or 520

Bvd I Hamashyf 6&%%%3125“_’!6}1 ﬂaeeeqsezlﬁwemygatgq reggiygd sample ' (n)
station 110x. [0096] Controllers 540 and 590 _djrect

Bprarunt 6 aad pﬂsca\g@essat crieltioprssulirdm) sy iyth A" T30k to 2 shift register

tiv uni 542 an 592 Proyl

S RN AR D (EEAED FERTERALT S8 G fer 822
R98ved @&D@ﬁ)trésVﬁ‘JeYC({rmz)}l febih c@nﬁffﬁ)fﬁ nulBpRaks Ui afl prdvides a
of an enbodi nent of TX pilot processor 530 at base

cdredation febdt cfor N, hithatehdsosienradelayed YypNi shmpleogeggar For each
530 generates TDM pilots 1 and 2 in the tine donmain.

sampé period pi summqrr%éerseﬁ;vessa@d sugsphg oglere Cat od) @iz reglster 826
generat es the PN sequence assigned to base st at

Pith thereguly cmzfr@reﬁev Iphier &t fusthier puhtiasts thgdgipped result o(n - N,)

BERRf Greiity 2Rend P eREnt SbRRC ROy by gl fo Symmer 824 ana

1defie2 82680 HR aa‘ﬁkacéﬂljnflfa dr etﬂétsgge?fonﬁg R b urhiidfior %r@tﬂﬁlnﬁlsequatlon

a-generator polynom a for the PN sequence.
@en Shaft gegistél 222 and SimMmernP2berd alse icanfigneetl td pérfarinea running or
%1 er vaI ues Cﬁ%ges ond| he PN

ost rece correfatlon results cgn) th:lzough c(n—N,+1).
This. is achieved by summing the most recent correlation result ¢(n) from multiplier

814 and subtracting out the correlation result ¢(n —N,) from N; sample periods earlier,

which is provided by shift register 822.

[00102] FIG. 8B shows a block diagram of an embodiment of direct correlator 730
for TDM pilot 1. Within direct correlator 730, a buffer 842 stores the received samples.
When the peak of the delayed correlation for TDM pilot 1 has been detected, a window
generator 832 determines the uncertainty window and provides controls to evaluate each

of the pilot-1 hypotheses. Generator 832 provides a time offset and a PN1 sequence for



to base station HOx. A multiplexer 616 receives the
outputs from PN generators 612 and 614 and provi des
wo b@eood7put from each PN generator at the apprP@T/U82085/021051
tinme, as determned by a TDM Crl signal. [0098] The
TDM pilots may al so be gemgrated in the frequency
domai n, as descri bed above hi this case, the PN and

0 I 2 :
FRE R TRl TRENCOBIE EOAS BEERRRS idemce of fronjugated
samplessferiedch pilot-1 iybgthehebised qndincinditateditimepoffsst. A PN generator

nbol s or,the tine-domain s l.es. for .the ilots..
FYDEBFR e Prapsh IRV 2B ShRgPdise oF tpt b nitbtier 844
Bli1tHYBE the Rhinp 8 Groat bl fEErB4nalithl PN Sydifentiel froR N generator 834.
i ncludes a TDM pil ot 1 processor 710 and a T%ﬁ ot 2

roeashspitotd4byposiasis, nTaRmpRlagar 346 perpiydaes 1gresults from
SR BBEREOEA S AR AR Bf s o1
[00103! aDireot keselator (50) féroTDRAPhlos 2nplag e impldmedted in similar

pi |l ot/ peak detector_ 722 detects for the presence.of .
MEMISHaF Gredt Gorelatns 13bdar B0 2llgink a“EFé's%(HE & gﬂgwmg differences.
g@ﬁéﬁft&dS %én%}a%s! tRé c&ﬁll‘:dﬁ {oSevalifdte th K8 cﬁ:lf&féﬁleDﬁ pilot 1 instances

etected, determi nes the peak of the del aye _
fromrpelak tdetentor A32 rinsierdnafythe K oimel offeets ovithi® theewrtcert@intyswindow.

e frequ error in the r i ved sa
PceeshEt B eetehes U atoss BUF s¥qisnos LBisRA ofytog ol sequence.
Aeheailfdr faAKerfodms SOt N EAN) SdinilS) insRAdloMNQ KhfpRs.
the frequency error estimate. A frequency error

K6104ct The signpl acupiitinsy feghnigues [dssaribed Jrceqin 1ay be implemented by
' o] ej di. prayj .

RS HER. oot B PEEINSE SHIRYES o o0 Bt et i paravar,

gt apé, N 4licombination tiedredfi OForom hhkevaire @gplemeytation,r the tpeckessing

BT eh iSRGk mgmiihe TPREPBYHS St Hempkamonted wiin o or
HRELL A oh é@ﬂe&gkg‘ghte e?&[jbifcﬁit& @gﬁsﬁ%iggailtsrﬁlafjﬁro@&ts&g (DSPs),

t
peak Tocati on, provi des direct cor ation results
digital Tddinab ipkaressing devpesk(SPDsgt mrograBinabde bgics dévacest(REDs), field

K2 strongest .i nstance DM pilot 1 withi,n the.
BRERITERHNG y B0 B [ BBLUYY: VP DHRCSOuepIEp s Micro-controllers,
RO E0rd A8theP cRLtr@fit Unfts IRbigh&d to/ PerfB@h fthd Menciohs dkscribed
correlation on the received or frequency corrected

kereipl esa egnbigatignethengef. pTheprocassips uREs Bsedde perfernh acuipjtion may
h L, det ec [ I 1 _instances from

%lgcgk%e@ é%? Igr%%a& a(%n o%r?rgoﬁ_ es@% iqgepcst al{cd(r)]sr%r el ation

[08305]t S Fobra §dfivase [imbleinedtafippotheesigmml abqusitionh tedinépieommay be

752 detects for presence of TDMpilot 2 b (%rilgorm' n

{THRCTER o RORBleD 47 Bs OFPCSAUER TRCERNa eRG A0 1 fhal perform the
Rink@nsARs&Me@ hefer? AHOLbfkFrelddBed MG bE lstor@Pin' B hdenPy unit (e.g.,

memory unit 542 or 592 in FIG. 5) and executed by a processor (e.g., controller 540 or

590). The memory unit may be implemented within the processor or external to the
processor, in which case it can be communicatively coupled to the processor via various
means as is known in the art.

[00106] As used herein, OFDM may also include an orthogonal frequency division
multiple access (OFDMA) architecture where multiple users share the OFDM channels.
[00107] Headings are included herein for reference and to aid in locating certain

sections. These headings are not intended to limit the scope of the concepts described



the timng of each detected base station as the
detector output. [00101] FIG 8A shows a bl ock diagram
wobooanoembodi mrent of del ayed correl ator 720 f opCT/DBL005/021051
pilot 1. Wthin delayed correlator 720, a shift
register 812 (of length Lbp receives and stores the
recei ved sanple r(n) for each sanple period n and

e y
R e S oIS D® P ety Jo ber secHang Broughou
tire pntire spedbficatised i n pl ace of Shlft regi ster 812. A

| £.,.816,al so. obt th
(B0 o PERIAEF B Bpr gL G rkBEs SRMB LRIt pRYfjed o enable
pER6HN Skaldal en RREI &€ 8, mAkEUrt Ll iteE p?és%nﬂﬁﬁdnﬁbh s Various
t he delayed received sanple r(n - _Lj ) fromshift

me@ﬁs;@tmns 8a thegp embpdimeatsnipillhe @eqliﬂsugma&mt tethese gidlled in the art,
SRR ol ok ok B, BE TS0 BUEPERBbAEAR witou

dephrtingrfodrh tié 3pifindr scopewiittic BRéntionor Tiase thegaegeheinvention is not
period n, shift register 822 ecebves and stores the

@Eﬁnfl@fl torhedimitedtg|the empgdimentss eFFindut g1t@ by ggoorded the widest
%Bpé’ EARR é;i/\t GahiR ngf{lﬂc‘ﬁﬂesr &l ofvel%:éﬁ{ues Misk1dsBfherB@S been

N1 sa e periods. For each sanple period

n, sumer 824 receives and sunB the output C(n - 1) of
a register 826 with the result c() frommultiplier
814, further subtracts the delayed result C( - N1)
fromshift register 822, and provides its output C(n)
to register 826. Summer 824 and register 826 form an
accumrmul ator that perforns the summati on operation in
equation (2). Shift register 822 and sumer 824 are
al so configured to performa running or sliding
summati on of the Nl nost recent correlation results
c(n) through c{n - N1+ 1) . This is achieved by
sunmm ng the nost recent correlation result c() from
mul tiplier 814 and subtracting out the correlation
result c(" - N1) from Nl sanple periods earlier, which
is provided by shift register 822. [00102] FIG 8B
shows a bl ock di agram of an enbodi nent of direct
correlator 730 for TDMpilot 1. Wthin direct
correlator 730, a buffer 842 stores the received
sanpl es. Wien the peak of the del ayed correl ation for
TDM pil ot 1 has been detected, a w ndow generator 832
determ nes the uncertainty wi ndow and provi des
controls to evaluate each of the pilot-1 hypotheses.
Generator 832 provides a tine offset and a PN
sequence foreach pilot- 1 hypothesis. Buffer 842
provi des the proper sequence of (conjugated) sanples
for each pilot- 1 hypothesis based on the indicated
time offset. A PN generator



834 generates the proper PN sequence at the indicated
time offset. Anultiplier 844 nultiplies the sanples

wo canmoriif er 842 with the PNl sequence from PNPCT/US2005/021051
generator 834. For each pilot-1 hypothesis, an
accunul ator 846 accunul ateg the N d results from
mul tiplier 844 and provides the direct correlation

tref pot hesis. [00103] Direct correl ator
BREMT IS a R

t 2 my be inplenented in simlar
manner as direct correlat?ﬁLéagaéor TDM pil ot 1,
al beit with the foll ow ng nces. Generator 832
generates the controls to evaluate the K2 detected TDM

pilot 1 instances from peak detector 732 instead of
the KL ti n#& nofthialedfIransmitiing pibet i acemirnithtiomsyschavy.cofirising:

generatar. 834 generates the p PN2 sequence
i nst eﬁaalamgt%esem-r AdqeRRb bérgBRY) seuenes U%ﬁstodng Phidentify a
?&ﬁ&ﬁﬁhg h@y; over N2 sanples instead of Nl sanples.

00

104] " The”si gnal acquisition techni ques descri bed
her ei genemyind e firstpinendimisea rhyltiplexedb(DMppret;, For

exanpl e, t.hese te (,qu be J.npl enmented in
har dvﬁpgraglg%?prg %&& PSI%E%% tl??ggN ggquleﬂ%er eof . For a
har dv@drSmithiRg efeefitse rDM pilbhi P RE PSRIOADILALH FratkieikiéPinterval;

generate and transnmt the TDM pilot(s) may be
indpl emrented within one or nore application specific

inte [ dj gj t [ o

( Dspg%’ﬁltsgn%l‘ﬁ% tﬁé" sé&ﬁgfﬁgﬁzﬁg%tsilnn% sgéeo\?lﬁ ]%es}eérb@?’%g?f #3hsiission
mtepgilanmabl e | ogi ¢ devices (PLDs), field programuable

gate arrays (FPGAs), processors, controllers,

m cro-controllers, mcroprocessors, other electronic

uni t s, desi gResheiRdP6F bRk 1 h@hérle‘ﬁicf}ﬂeoéb%e&ﬁﬁg 'thD&tkst TDM pilot
herein, or a conbination thereof. The proceSsing units
wﬂmsm) perform acqui sition nay al so be i npl enent ed

wi thin one or qoﬁg ASI Cs dDSPs and so on. [00105] For

a sof $REFAEE ARHALERPAF o] t he signal acquisition

t echnggigRsingee 6t TP Si162 R @0l ;ﬂt ifRahdee 61 the plot sequence.
procedures, functions, and so on) that performthe
functions descrlbed hereln The software codes may be

stored in fhé@@ﬁxo}ﬁ olfnél%mé? theregleﬁ‘ig % E’r?{ntl%?ndézse%gnc? %M pilot

in Fl execut oces
aﬁﬂ;irisei;l er 540 or 590). The rrermry unit may be

i mpl enmented within the g or or external to the
pr oce8grating A Pl EAvEcs vifhythe BN 58906k cat i vel y

coupl
P B LT LR 0P

i ncl ude an orthogonal frequency divi sion
4, The method of claim 1, wherein the generating the first TDM pilot

comprises generating the first TDM pilot in frequency domain with a first set of pilot
symbols for a first set of frequency subbands, and wherein the generating the second
TDM pilot comprises generating the second TDM pilot in the frequency domain with a

second set of pilot symbols for a second set of frequency subbands.

5. The method of claim 1, wherein the obtaining the PN sequence
comprises A
identifying the PN sequence from among a set of possible PN sequences for the

second TDM pilot.



mul ti pl e access (OFDMA) architecture where nmultiple
users share the OFDM channel s. [00107] Headi ngs are
wo palwoerdl herein for reference and to aid in | BCBUSTGS/021051
certain sections. These headings are not intended to
limt the scope of the congepts descri bedtherein
under, and these concepts may have applicability in
ot herg sectq t ol b ' :
00108] - TraRyRchod BEORAY 1, MR ek FarRhRhe Ufiec it TOM pilot
cenfpodesntransmittmgpthevieded TOM malbt enahy speandoporsikm,| aftat the first
in.the a% to nake or use the present invention.
POLq, QEC4F 5aPFRISHPB FUCY R ¢ hese enmbodi ments will be
readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to
ot her’- enb otimethed o1 Wansmaithingdulob in § peMMUBICAEINESYSIFNY, CempHsing:

ot " et M0 el iphy PypliEeR TR p SO, g\t Bseudo-
ragdodn hulbér (PN) s@qubsceaccor ded t he wi dest scope

consistent with the principles and_novel features
di sc|E&S8FFURBR BGAN potoyith pagsondPNgeanqnge1. A

et hqpangrfnit{iﬁ ﬁl%rﬁlrsi: Tﬁg’[ gﬂ&toﬁl d firsPpStigHORea@H fr3mission interval;
system conprising: obtalning a pgeudo-random nunber

anBN) sequence used to uniquely identify a transmtting
entity; erating a,fitrst tinme division multiplexed . .
(TOMTABFREHGE Sisnaitatd PN RARLGR G HOORD TGN Rod gensrgission
inRaence; transmtting the first TDMpilot in a first

portion of each transm ssion interval; and
transmtting the second TDM pilot in a second portion

of each trgnsm.ssiion | r . e ' .
1, V\haéér ei nﬁ{%hgl]eg%ﬁe&a{ﬂ?%rg a’/ﬁléhefriglps% Qﬁﬁ%ﬁﬁgtﬂé ﬁ%tatﬁM pilot
coaippisesS genegring thd ifing TDMI pitut veierthenfist PRng@qgerre fia ttinftgdomain,
the first TDM pilot with multiple_instances of the

35| whereigghe rgeacrang ik serepd JDY PilataGamPprises gencEating the second

R b e PR A Pl fhe AR, 1= generating @

9. The method of claim 7, wherein the generating the first TDM pilot
comprises generating the first TDM pilot in frequency domain with a first set of pilot
symbols for a first set of frequency subbands, and wherein the generating the second
TDM pilot comprises generating the second TDM pilot in the frequency domain with a

second set of pilot symbols for a second set of frequency subbands.

10.  The method of claim 7, wherein the generating the first TDM pilot
comprises '

generating a first pilot sequence with the first PN sequence, and

generating the first TDM pilot with a plurality instances of the first pilot

sequence.



generating the second TDM pilot with at |east one

i nstance of the pilot sequence. 4. The nethod of claim

wa 2o060e97@¢i N t he generating the first TDM pi | ot PCT/US2005/021051
conprises generating the first TDMpilot in frequency
domain with a first set of32pilot synmbols for a first

set of frequency subbands, and wherein the generating

the sgcondrnbQifbibd 8F cRRAND! $ASreALMe RhéMfing R MBCHMA sequence
TDM pilot in the frequency domain with a second set of
gonipotsesynbol s for a second set of frequency subbands.

5. The net.hod of. clajm 1, wherej.n,.th ining the PN .
equesreting s Ds8 el PR g i enRrLdn eRb¥ys g Raving o
IeR@R¢q@al $ethe Méngitossthbfiest PN qaeireces for the second

TDM pilot. 6. The nethod of claim11, wherein the
transmtting the second TDM pil ot conpri ses

transyg tti e : j j e .
ot on, - PR RR il X Phorth 4B ACHERAEIAE et TOM pifo
donipzisesl . 7. A nmethod of transmitting pilot in a

communi cat.i on syst conprising; . generat|j a first
Li e ENGIALDS the st &ﬁl\@%gp w%m 1&‘6196& %Wtwgeqf‘?lﬁ%etfgr each of a
@&%ﬁ%f@ﬁ%ﬁg{@ﬁm%agﬂ\b sequence; generating a

secornd TDM pilot with a second PN sequence;
transmtting the first TDMpilot in a first portion of

each ansgi ssi gn .in val, dtransmtti.n h .
second" T i F’gﬁwldno aaég%o’?ndw OFY %ﬁ % Qgg thé'First TDM pilot
ga ssion interval. 8. The nethod of claim?7,
wherein the generating the first TDM pil ot conpri ses
generigdentyingibe first AN veamepsq Gomygmong setrofy fimst PN sequences, the
2t i i : '
Rl e g o o PSR Bk ) St Aurality of
pdshiblei dode offkdts) ahthe second PN sequence in tinme domain.
9. The net.hod o im.7, wherei.n the generating the
fir stSRERPPE ﬁ&gfém@ W 'é‘r?é‘? tl’fsit ﬁ& Steg‘éenF?-r st TDM
pilot in frequency domain with a first set of pilot
synbols for a first set of frequency subbands, and
wher el t hEhegmpthod tof etpimhid), seheraml thEDigneiatiog thosgeond dDM pilot
enerating the second TDM pilot in the frequency
R i th a
generating a second pilot sequence with the second PN sequence, and

generating the second TDM pilot with at least one instance of the second pilot

sequence.

15. The method of claim 14, wherein the generating the second pilot
sequence comprises
generating the second pilot sequence with the second PN sequence and having a

length equal to the length of the second PN sequence.

16. The method of claim 14, wherein the generating the second pilot
sequence comprises
generating the second pilot sequence with the second PN sequence and having a

longer length than the first pilot sequence.



second set of pilot synbols for a second set of

frequency subbands. 10. The nethod of claim7, wherein
W0 b@ocgegter ati ng the first TDM pil ot conprises PCT/US2005/021051

generating a first pilot sequence with the first PN

sequence, and generating t3he first TDMpilot with a

plurality instances of the first pilot sequence. 1l1.

The et NOGy0fe el BF Him WiGHRL ohARSGENET al [ ng the

first pilot sequence conprises generating the first

pi | otgepergtinga ¢hind TIM pikot fwithst thi2l Pdespqeerce; ardd havi ng a

l ength equal to th h.of the first PN, sequence. .
15" uSine frehinE T M Bt i dhiaf noting ogEAbAG o dnterval.
first TDM pil ot conprises generating the first TDM

pilot with a different first PN sequence for each of a
pl ur al§ t y Bfe methedof dainoh fukescomipyising3. The net hod of

claimY erei n the ,generati AASE, T pi | ot
comprichirat TR Teflyorth sRaHES Pl bessl RNl A bm anong
a settrabmittihg theAD Mgl HCEGird pbetion dfehciPhbraisitsCiaterval.
corresponding to a code offset selected fromanong a
plurality of possible code offsets, and generating the
firstygiDMR| 4 LPchiRer fdhdr Bhlnsisyence. 14. The
met holdg'of ’@}ela@%%h%g (\:/\mlgrr%’i n t‘%%'ec ggnerg'ti ng the second
TDM pienertating apfréeq@iescyg divesiat mmudfipdexed (&M p pilatt witk qhe sevend PN
with the second PN sequence, and generating the second
SPW‘}SF’I%‘F with at least one instance of the second
pi | ot rRQMUERE the FOM plid€inBhitaPoftfondfahéh dhsmiidrBihrval.
the generating the second pil ot sequence conprises
generating the second pil ot sequence with the second
PN s en and, having. a, | h ] to the length of
Ehe: <Bb ona e EbaR | dfinf7, ERKLofibiSing! |
generating a frequency division multiplexed (FDM) pilot with a third PN

sequence; and

transmitting the FDM pilot in a third portion of each transmission interval.

21.  The method of claim 7, further comprising:
identifying the first PN sequence from among a set of M1 possible first PN
sequences; and
identifying the second PN sequence from among a set of M2 possible second PN
sequences associated with the first PN sequence, where M1 is one or greater and M2 is

greater than one.

22.  The method of claim 7, further comprising;:
identifying the second PN sequence assigned to a base station transmitting the
first and second TDM pilots, wherein neighboring base stations in the systems are

assigned different second PN sequences.



16. The nmethod of claim 14, wherein the generating the

second pil ot sequence conprises generating the second
w@rdoenowernuence with the second PN sequence anpCTasiong021051

a longer length than the first pilot sequence.17. The

met hod of claim 7, further4conprising: generating a

third TDMpilot with a third PN sequence; and

transygi tti jer gl Ldoit, i oLt :

cach T anots ool Mt b Phygfin 8 dondphif LROIRHRITOM pilo

domprises conpri sing: generating a frequency division

mul ti p] exed (F [ ; and transmtting the FDV

pi | otJ%{eﬁtl%\g ttf\? r[‘gg@‘)ﬂ@r k’ &i)ﬁeq}?n‘éeac%’q PP gsI?IBWhE' of second PN
defliic¥P hssigh®d 16 vaBs RRdoRf whbkinmedch bEkAd Blurality of second PN
conprising: generating a frequency division

ﬂ?ﬂi(lfnicpﬂ eoxeedPqEBRY 2 diffesant dptalyalube second PN sequence;
an t{‘@ns " bl 5%\41& ﬂng(% .iljl ‘?‘ﬁgm EI Cgta&g %}Ist:e?xgic% I"ising: :

==

each Transm ssion’interva
f ur t hesheratin@ b iphirdidty of €fey divisiog mulfiplegedt(TOYMY pilots wath a plurality
mul tipl exed ( FDI\/e ilot with a_third PN sequence; and
Rseudastandem pymbee Pﬁ%l\ﬂ%‘ﬁ“ﬁ?s’ pre BNspayencs, i el gM rilgtpand
transy. SSi i : k

Furt o ail M Bl of DM oSS d il ok iyl of et
transmisaionngtesvab with ADMIpilobsanshlissidn. r st PN sequences;

and identifying the second PN sequence from anong a
set of M2 possi ble second PN sequences associated with

the fjg st ﬁl\érﬁ@tﬁa&apaainy\@@rf@mrkfrcbﬁlpﬁﬁﬁgpr greater and

M2 is greater than one. 22. The nethod of claim?7,

f ur t hidentdpmgrai BY sepueneeaior paohi afghe plaralise oh HDPN\pdets flopcanong a
' t ' mtting the first and

%ﬁégﬂgg%ﬁqﬁéla{%@%l%@%ﬁbwﬁ gﬁ’bori ng base stations

in the systens are assigned different second PN

sequences. 23. The_ nethod of claim 7, wherein the

gener#ti nglhafactied shelambis. ditkar cemppsinges
identifying a first PN sequence for a first TDM pilot from among a set of PN
sequences available for the first TDM pilot; and
for each remaining TDM pilot among the plurality of TDM pilots,
determining a subset of PN sequences associated with a PN sequence
used for another TDM pilot transmitted in a prior time interval, and
identifying a PN sequence for the remaining TDM pilot from among the

subset of PN sequences.

27.  An apparatus in a communication system, comprising:

a processor operative to generate a first time division multiplexed (TDM) pilot
with a first pseudo-random number (PN) sequence and to generate a second TDM pilot
with a second PN sequence; and

a multiplexer operative to multiplex the first TDM pilot in a first portion of each
transmission interval and to multiplex the second TDM pilot in a second portion of each

transmission interval.



sel ecting the second PN sequence from anong a

plurality of second PN sequences assigned to a base
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ﬁlfDMCpnthl@Sﬁﬁwanong a set of PN sequences avail able
for the TDM pilot. 26. The method of claim 24, further
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fi r st297 DM Thel apparfatus rof 28 @ 7a wheieirDthe Pho e ssp é9eBative to identify
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station.

32.  The apparatus of claim 27, further comprising:
a transmitter unit operative to transmit the first and second TDM pilots staggered

in time with respect to first and second TDM pilots from at least one other base station.

33.  The apparatus of claim 32, wherein the first and second TDM pilots for

each base station are transmitted in a time interval assigned to the base station.

34.  The apparatus of claim 32, wherein neighboring base stations in the

system use the same first PN sequence and the same second PN sequence.

35.  The apparatus of claim 27, wherein neighboring base stations in the

system are assigned different second PN sequences.
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pilot wwth | east one instance of the second pil ot
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sequence;

39.  The apparatus of claim 37, wherein neighboring base stations in the

system are assigned different second PN sequences.

40. A method of performing acquisition in a communication system,
comprising:

performing a first correlation on received samples to detect for a first time
division multiplexed (TDM) pilot comprised of a plurality of instances of a first pilot
sequence; and

if the first TDM pilot is detected, performing a second correlation on the
received samples to detect for a second TDM pilot comprised of at least one instance of

a second pilot sequence.



means for transmtting the first TDMpilot in a first
portion of each transm ssion interval; and neans for

wo c@asnd7it i ng the second TDM pil ot in a secondP@DUS200§021051
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on theireceavpd samples 3oth aggeondfild sequgacesf ¢l ai m 37, wherei n
nei ghbori ng base stations in the systemare assi gned
di fferent second PN sequences. 40. A nethod of
per f o42ri ngThe qmettwidt ofoclainm 48, edwereimitlwa perdorneys tlearfirst correlation
conptising: performng a first correlation on received
g 68 to detect for a first tinme division
mul ti pdreosRihd 2 [dMIayRi | Rtref@BR HebRsnOthearebéiVié@ krhple®fand delayed
i nstances of a first pilot sequence; and if the first
eonved sampless det ected, perfornming a second correl ation
on the received sanples to detect for a second TDM
pilot conprised of at |east one instance of a second
pi | ot 4kequEhe eneftiod dihelaine t4l0p evhefein ltle perférming eliee fifst tbarelation
performng the first correlation on the received
compiisss fensash samrleperedr i ng the first correlation on
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(PN) sequence, wherein the performng the secon
roeived sampdes, on t he recei ved sanpl es conpri ses

perform ng. t he iagcgnd orrel ation on the received
sanpl €UNRYlng 2 felayed forreaiialdyeiBfice. 42. The met hod of

cl ai matfparitBeheidlaycd@oRElafiod Mottt dghmist 4 thedshenal &nfd ation
conprises performng a del ayed correl ati on between the

r ecei desdpringngdtectionnef thel ﬁgﬁéa“DM pilot if the delayed correlation metric
exceeds the threshold.

44.  The method of claim 43, further comprising:
if the first TDM pilot is detected, detecting for a peak in delayed correlation
results for different sample periods and providing location of the peak as an estimated

location of the first TDM pilot.

'45.  The method of claim 40, further comprising:
averaging correlation results from the first correlation for a plurality of

transmission intervals.

46.  The method of claim 40, further comprising:
deriving an adaptive threshold based on the received samples; and

detecting for the first TDM pilot based on the adaptive threshold.



recei ved sanples. 43. The nmethod of claim40, wherein

the performng the first correlation conprises, for
weawk/osempl e period, perform ng a del ayed corredBUSDNS/021051
bet ween the recei ved sanpl es and del ayed recei ved

sanpl es, conputing a del ay8d correlation netric,
conparing the del ayed correlation netric against a

t hr esqipl d, T detd68 bE1hing 46 gh@kdricempabinghe first TDM
pilot if the delayed correlation nmetric exceeds the

t hr estetcting for. therfiest M ptlotdased en the fxed threshekd:
conprising: if the first TDM pilot is detected,
detecting for a peak in delayed correlation results
for d48.f erEid metaod beclpidi 4@ dertisrdomipeivingi ng | ocati on of
the peak as an estimated | ocation of the first T

DM
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orrelation for a plurality of transm ssion intervals.
46. The nethod of claim40, further conprising:

derivjng adapt i,v hreshol.d based on the received .

sampl 487 2P B8ert oF slptnal. e RePopBEiE BE Seioda gorrelation

Qmprives adaptive threshol d. 47. The method of claim 40,

further conprising: detecting for the first TDM pil ot

basedpsforming fdirgetd comielaion |, theg receheednsamplgs gritle| aj least one
r rising. detecting for the first TDM

%&Pgegﬁégg%oéﬁﬁgxﬁigﬁg%t correlation result provided

by the first correlation in each transm ssion

interval. 49. The gﬁthod of aim 41, erein the

I .
per f ot ngThewedied o glamile FaeTedm thegippioraue the seaopdicagelation
{H@gﬁggscorrelation on the received sanples with at

east one hypot hesi zed second PN sequence. 50. The
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sequence for the second TDM pilot,
computing a direct correlation metric for each of the at least one hypothesis,
comparing the direct correlation metric for each hypothesis against a threshold,
and
declaring detection of the second TDM pilot if the direct correlation metric for

any one of the at least one hypothesis exceeds the threshold.

51.  The method of claim 41, further comprising;:
if the first TDM pilot is detected, performing a third correlation on the received

samples to identify at least one instance of the first pilot sequence.

52.  The method of claim 51, wherein the performing the third correlation on
the received samples comprises performing the third correlation on the received samples
in time domain with a first pseudo-random number (PN) used to generate the first TDM

pilot.



conprises performng direct correlation on the

recei ved sanples for at |east one hypothesis, each
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and a hypot hesi zed second PN sequence for the second

TDM pil ot, conputing a dirgct correlation netric for

each of the at |east one hypot hesi s, corrpari ng the
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51.
mrfeeq#@t%@nam itk st psepdo-randpmoimher §PNYusedsto grperate the first
oADM pilot is detected, performing a third
corr atlon on the received sanples to identify at
| east5oHne Thestmathod aff claie 51, wheremi thetpesfoguergcthe thizd correlation
The npet hod of claim51, wherein the performng the
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perf oﬁé?fo?ﬂlﬁghﬁlrédi"(foﬁ‘efhﬁbﬁ Q:Jeﬂiréeﬁnth@ NetdiPed %ﬁﬂ)]&@%d at least one
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qul\,ﬁgﬂ(ﬁd i nstance of first pilot sequence being
associated with a particular tinme offset and a
particular first PN sequence.

56.  The method of claim 40, further comprising:
identifying a transmitter of the first and second TDM pilots based on a time

interval in which the first and second TDM pilots are detected.

57.  The method of claim 40, further comprising;:

if the first TDM pilot is detected, performing a third correlation on the received
samples to detect for a frequency division multiplexed (FDM) pilot sent on a plurality of
frequency subbands.

58.  The method of claim 40, further comprising:
estimating frequency error in the received samples based on result of the first
correlation; and

correcting the estimated frequency error.



55. The nethod of claim40, further conprising:
identifying a transmtter of the first and second TDM
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used for the second correlation to detect for the
second TDM pilot. 56. The g4gethod of claim40, further
conprising: identifying a transmtter of the first and
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Corr cHiER ST AR VST Estnnge il uSpdeiaton Hugber B seauence
et For- th sechh® comedihvesh. of cl ai m 40, further conprising:

if the second TDM pilot is detected, decoding a

control channel to verify detection of the second TDM

pi | ot ., 60. H?{ d i fur e rising:
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second TDM pil ot conprised of at |east one instance of

a second pil ot sequence. 62. The apparatus of claim

61, V\gfr el Tnd pra@étﬁss bf %%Iﬁ%l?txﬁ{eréiﬁ P %Es@tcio}ﬁ%latoq is operative to

perform the first correlation on the received samples with a first pseudo-random number
(PN) sequence, and wherein the second correlator is operative to perform the second

correlation on the received samples with a second PN sequence.

63.  The apparatus of claim 61, further comprising:
a third correlator operative to, if the first TDM pilot is detected, perform a third
correlation on the received samples to identify at least one instance of the first pilot

sequence.

64.  An apparatus in a communication system, comprising;:

means for performing a first correlation on received samples to detect for a first
time division multiplexed (TDM) pilot comprised of a plurality of instances of a first
pilot sequence; and

means for, if the first TDM pilot is detected, performing a second correlation on
the received samples to detect for a second TDM pilot comprised of at least one

instance of a second pilot sequence.



performthe first correlation on the received sanples

wth a first pseudo-random nunber (PN) sequence, and
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the second correlation on the received sanples with a

second PN sequence. 63. Th& apparatus of claim®61,

further conprising: a third correl ator operative to,
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nmeans for perform ng the second correlation on the

recei ved sanpl es conprises neans for performng the

second correlation on the received sanples with a

second PN sequence. 66. The apparatus of claim 64,

further conprising: nmeans for, if the first TDM pil ot

is detected, performng a third correlation on the

received sanples to identify at |east one instance of
the first pilot sequence.



