WD 03/ 084087 PCT/ US03/ 07643 PROCESSI NG PI LOT AND NON PI LOT CHANNELS I N A
CDVA SEARCHER BACKGROUND This invention relates to processing non-pil ot
channel s wpnsas®ste division nultiple access (CDVA) sear CIRET/USCENHK43

comuni cati on technol ogi es can be utilized in wreless conmunications
systens such as cellul ar tel ephone systens. The system can include base
stations that communicate with nobile stations over traffic channels using
the sane frequéBREYESSING SRIGAT ANy EQERILEH CHARTBIS &Y & RMPoAEAF ¢ Essi gned a
spreadi ng-sequence (a line of a n x n Wlsh nmatrix in a contenporary CDVA

net wor k(n=64, 128, 256) ) and a sc%ﬁgg%%ggm@pquence (a |l ong pseudo-random or
gol d sequence that is local to r to the network in present CDVA

networ ks) which are used to spread the sequence of incoging signﬁls,
filtered to BRiasiNyRBHLPRNEG FERS| ROOPHRFEEBINF BB P PENSHRAPEE]S
information. Each base station transmts, in addition, a pilot channel
(currenthya Codesdivishgntiel bisbeserandsi AGDEAYUEARECHEER no
information), which is received by all local nobile stations. Each network
base st ati onCDifAt bemsambchotahi bachustsgihe sanebpi ibilitedd but with a
different tine offset to enable each nobile state to distinguish the
si gnal syiteans8i tbaguhieat dbht espstchdseushabkongllilar telephone

systems. The system can include base stations that

communicate with mobile stations over traffic channels using

the same frequency. In such a system, each mobile station

is assigned a spreading-sequence (a line of a n X n Walsh

matrix in a contemporary CDMA network (n=64,128,256)) and a

scrambling sequence (a long pseudo-random or gold sequence

that is local to the base or to the network in present CDMA

networks) which are used to spread the sequence of incoming

signals, filtered to an assigned bandwidth in order to

recover transmitted information. Each base station

transmits, in addition, a pilot channel (currently

transmitting the base scrambling sequence with no

information), which is received by all local mobile

stations. Each network base station of the same location

uses the same pilot code but with a different time offset to

enable each mobile state to distinguish the signals

transmitted from different base stations.



WO 03/ 084087 PCT/ US03/ 07643 In order for the nobile station to use a
traffic channel and communi cate through the communi cations network, the
nobi | e stwDI0s/08498Eds to synchronize on a time scale wth PaTnEsas/bpibase
station using the pilot channel. CGenerally, a 5 searcher receiver in each
nobil e station attenpts to synchronize with a base station by correlating a
scranbling seqedce fenethtedobyléhetabbihetstaseon wrahfacsequence of

i ncom ng sanpl ed signals. BRI EF DESCRI PTION OF THE DRAWNGS 10 FIG 1 is a

bl ock diRghAR) Oin@ GERFMUANLEAtEOUErsYgherhe Ebnuditatbbaoskndtagram of a
searcher receiver. FIG 3 is flow diagramof a nmethod of operating the

searcheppLegshYEE 86505 GhNHePETALLEP DESGR P O 45t Asesbeunei wifhG 1, a

comuni cati ons system 10 i ncludes base stations, such as base station 12,

configured for radi i gatian i e e I tigns such

as nDb?I%e%$%Yi%%g§4?8$ﬁ28ﬁ0%?ﬁ%85 %%1%%1§§ Fgéggggf93?255?%§1?fa§sn1t and
receive information in a CDVA networ k., and_hence 20. it _can _comrunicate with

t he bas&8S_F&REHNTIZSLYRE bﬁs%aggaW?BhI?ZSF?gﬁ%ﬂi?gtEWB%EIEocontaining dat a

to the nobile station 14. In a CDVA enbodi nent, _the base stgﬁ&on 12 uses a
spread speehronifechariue Papet PhABRPRtPHgeorrelating a scrambling

sequence generated by the mobile station with a sequence of

incoming sampled signals.

BRIEF DESCRIPTION OF THE DRAWINGS
10 FIG. 1 is a block diagram of a communications system.
FIG. 2 is block diagram of a searcher receiver.
FIG. 3 is flow diagram of a method of operating the

searcher receiver according.

DETAILED DESCRIPTION
15 As shown in FIG. 1, a communications system 10 includes
base stations, such as base station 12, configured for radio
communications with one or more mobile stations such as
mobile station 14. The mobile station 14 is configured to
transmit and receive information in a CDMA network and hence
20 it can communicate with the base station 12.
The base station 12 transmits signals containing data
to the mobile station 14. In a CDMA embodiment, the base

station 12 uses a spread spectrum technique for transmitting



WO 03/084087 PCT/US03/ 07643 data that occupies a | arger bandw dth than

what is comonly required for conventional techniques. This technique

enpl oys awoadesseriuence, which is i ndependent of the datapcrasowaishat e the
data to be transmtted. The conjugate of 5 this code is used to denodul ate
the data at a receiving end. The data on a traffic channel is spread using
a spreathtEdthats Usdtasiean Dridegondbaniwisiticader wleatprios eswwheolin as Wl sh
covering. Each base station assigns a unique orthogonal Wal sh code to each

mobi | e st At A Tinmsh Qinal Wdehcadss al Iovss theclsyided s transnitted
to each bile station to be orthogonal with respect to every other nobile

station, kac @b&é&e_sst[ezé%%&r QALESLS: ¢ NI SRAURNGE &F the data,

sanpl ed-THcom ng- Si gna Its own assigned Wal sh code that corresponds
with its assigned l'iﬁ'bﬁ?twr ffic channel_and. 't(i] ”)1%1—1 ooy TRERS gtaé*rbgéfng
sequende® ™} t] T3 A1 ecq-tlﬁ% Sn“élr%é,e he aése&stjat§0n 17" broadcast s
a pilot channel, a synchronization channel,. and agi ng, channel . (or
chafinel@)is W%H%t%ﬁﬁﬂarﬁ%d%@?ﬁ% tnrb%/ ‘%aﬁ%fhs% tﬁp ilﬁ%C%hV“arr‘?-%%‘?b dat a
sequence covered by Walsh 20 code 0O consisting of all 11s. The pil ot
channel Tharddiea oroeiverf Hic athanmdl | &S SIRESFALHH NI B FRFRD o#9F s used by
a nobile station for identifying the presence of a COMA base-station,
i nitial swsylstasn ac quishddom L | i bsmodeddain of fproeess florowenpellat$on of the
synchroni zati on, pagi ng, and
covering. Each base station assigns a unique orthogonal
Walsh code to each mobile station.
10 The use of a Walsh code allows the symbols transmitted
to each mobile station to be orthogonal with respect to
every other mobile station. Each mobile station processes
the sequence of sampled-incoming-signals with its own
assigned Walsh code that corresponds with its assigned
15 traffic channel and with the local scrambling sequence.
In addition to traffic channels, the base station 12
broadcasts a pilot channel, a synchronization channel, and a
paging channel (or channels). The pilot channel is formed
by transmitting an all-zero data sequence covered by Walsh
20 code 0 consisting of all 1’s. The pilot channel can be
received by all mobile stations within range and is used by
a mobile station for identifying the presence of a CDMA
base-station, initial system acquisition, idle mode handoff,

and for demodulation of the synchronization, paging, and

25 traffic channels. The synchronization channel is used for
3



25 traffic channels. The synchroni zation channel is used for 3 WO

03/ 084087 PCT/ US03/ 07643 synchronizing nobile station to base station
timng. TWeo3psgsng channel is used for sending pagi ng i nfPOTIEsD3/@1843 r om

t he base station 12 to the nobile stations including nobile station 14. 5
In addition to Wal sh covering, the channels transmtted by the base

st at i onsyarchsptiesithdl Shaigh le sersamntn ngp Sepee ramt o it iasi g psétitor andom

noi se (PN) sequence or gold sequence, also referred to as the pil ot

fseque_rlgg?agi@ﬁf*bk%ﬁf‘eﬁt?é iQfed kbd Nsdrhe rep rpagt et i roftsrmsytsiem fifom s uni quel y
identified by 10 using a starting phase, also referred to as a starting

time,  phasgshidiaOfod 117 O IRl mdof1d N sciamdl {na segugnasbildhe spread

pi | ot ates a radio frequency (RF) <carrier and is transmtted

to the ile stations in a geographic area served by the base station 12.
The 15 Srs%qﬁrﬂﬂ |S]h4;1 sequence can be conpl ex including both in-phase (1) and

quadrature (Q conponents. Consequently, all, processing of the pilot
si gfal describeFbe R ney ¥ 3‘"60"%%?'94 e ﬁ%%l}ﬁs)io%g% asr.lé%i_‘etpén%bi | e
station 14 includes an antenna 26, a front- 20 end circuit 16, a searcher
recei véy 2he drrbBectttdtolon ifie SEEadHES B ehnC o etd VRSTEE SF gnal s from
the base station 12 and from other base stations in the vicinity.

such as a pseudorandom noise (PN) sequence or gold sequence,

also referred to as the pilot sequence. Each base station
12 in the communications system 10 is uniquely identified by
10 using a starting phase, also referred to as a starting time,
phase shift or time offset, for the scrambling sedquence.
The spread pilot channel modulates a radio frequency (RF)
carrier and is transmitted to the mobile stations in a
geographic area served by the base station 12. The
15 scrambling sequence can be complex including both in-phase
(I) and quadrature (Q) components. Consequently, all
processing of the pilot signal described below may involve
both I and Q components.
The mobile station 14 includes an antenna 26, a front-
20 end circuit 16, a searcher receiver 20, and control logic
22. The antenna 26 receives RF signals from the base
station 12 and from other base stations in the vicinity.
Received RF signals are converted by the antenna 26 to
electrical signals which are forwarded to the front-end

o5 circuit 16. The front-end circuit 16 filters and converts
4



Received RF signals are converted by the antenna 26 to electrical signals
which are forwarded to the front-end 25 circuit 16. The front-end circuit
16 filterwoam@swmenverts 4 WO 03/084087 PCT/ US03/ 07643 t reTAlSey 0164 al
signals into a streamof digital data for further processing by the
searcher receiver 20. The searcher receiver 20 detects pilot signals

r ecei vethe byl édierivodl | @i ghal s oimtid 4 rommedre dhsdigibal oAstgutpras the 5
base station 12. The searcher receiver 20 stores the streamof digital data

cont ai NERELRePipBbcSégNal BPRONONsPhteier sStgnal sein2o.a buffer organi zed
into groups of data called synbols. The searcher receiver 20 produces

correlated Synbol s Dye FOrEELBbERT§ NEet OPUE SYTBE! §ighbis| peakitod

scranbl i ng sequences (currently PN or gold) and spreadi ng sequences

currently Wal sh).. After, produci o] t rcher
ﬁeceive Y%Bh%em? ThE %F%?g%gby%ifgoégﬁ%%gé ?%ﬁgggF%éﬂghéacgoggeﬁgﬁed

synbol s. The propability conputed is based.on an.15 event, tha | ected
tinmd® of Paee %ﬁ?%ho?sl%nde?hec%ﬂ@Fﬂ%?ﬁt?%ﬂe%%%f g%pFB?Fﬁﬁtgéet%E§?$ﬁe
difference between the nobile clock and the base clock (or tpe conpl enment
of thiefedbmiyal | datnecerplRtnd pf obabPT i ${9WBLs*RBt PRI PLEY
predeterm ned thresholds, t he process is repeated using new 20 sanpl es
fromtheigndierintdé a bafferapnganinedshotd grxoups of data called

symbols. The searcher receiver 20 produces correlated
symbols by correlating the input symbols with local

10 scrambling sequences (currently PN or gold) and spreading
sequences (currently Walsh).

After producing the correlated symbols, the searcher
receiver 20 performs a probability computation using the
correlated symbols. The probability computed is based on an

15 event that a selected time offset which is under
consideration that approximates the time difference between
the mobile clock and the base clock (or the complement of
this event). If the computed probability does not satisfy
predetermined thresholds, the process is repeated using new

20 samples from the buffer. If a false-alarm threshold is
satisfied, the mobile station 14 can use the selected time
offset to synchronize with the base station 14 and
subsequently communicate with it.

The front-end circuit 16 also is capable of converting

295 electrical signals generated by control logic 22 into RF
5



satisfied, the nobile station 14 can use the selected time offset to
synchroni ze with the base station 14 and subsequently comrunicate with it.
The frontwerdosiosruit 16 al so is capable of converting 2%calusos/oicesnl
signals generated by control logic 22 into RF 5 WD 03/084087 PCT/ US03/ 07643
signal s which subsequently can be transmtted fromthe nobile station 14
to the digeabs arhdrh 1ibSépuannty otah dge ctr@2shictedefromnbhy el enents and
processing logic for controlling the operation of the nobile station 14. 5

As showpopim &l & a2iod hes seareherbaesesverid incl uties aonbubletoddc a pil ot
synbol correlator 32 and corresponding scranbling sequence code generat or

34. The, § eLel¥8hie20ndhsR, ETGhiides ORE PFoBDESiRgNTBGLEt £6y¥ DOl correl ators

36 and correspondi ng spreadi ng sequence code generators 38. A 10

oS s e el sty o, 7 e

rch receiver etects pilot signals to acquire

systemtimng for synchronizing the nobile station 14, w ase
st atdi on 12.-g%e8§%%¥cﬁ%rF¥ ce VthQOS?%rggﬁﬁlE%C?ﬁ%efn%ﬁiRQF%Q§?§ %eceived
fromthe front-end circuit 16 at a certain sanpling rate ang,sends t he
resul tigfEempdes 2 rebleheSyRpot SPHESBACEF %%ea%ﬁfggrrgépon hB9sanpl i ng
can be perforned by an analog to digital (A D

scrambling sequence code generator 34. The receiver 20 also

includes one or more non-pilot symbol correlators 36 and
corresponding spreading sequence code generators 38. A

10 probability engine 40 and decision logic 42 also are part of
the searcher receiver 20.

The searcher receiver 20 detects pilot signals to
acquire system timing for synchronizing the mobile station
14 with the base station 12. The searcher receiver 20

15 samples the input signals received from the front-end
circuit 16 at a certain sampling rate and sends the
resulting samples into the input side 31 of the buffer 30.
The sampling can be performed by an analog to digital (A/D)
converter coupled to the input side 31 of the buffer 30.

20 The buffer 30 then stores the sampled signals as units
called symbols. Each symbol can be a multiple of the power
two, such as, 32, 64, 128, 256. The number of symbols that
the buffer 30 can store varies from 1 to N symbols depending

on design criteria such as cost and performance tradeoffs.



converter coupled to the input side 31 of the buffer 30. 20 The buffer 30
then stores the sanpled signals as units called synbols. Each synbol can
be a nul twplog/oefost he power two, such as, 32, 64, 128, 25@CTNse3/msaber of
synbols that the buffer 30 can store varies from1l to N synbols dependi ng
on design criteria such as cost and performance tradeoffs. 6 WO 03/084087
PCT/ US03/ 07 6&&ch Eaghbsy nboht gims ad nsunbeunbercbirehi@é {84CPHACHRA |'S 95
128 in CDVA 2000 and 256 in Wde Band (WB) CDVA) where each chip is the

time pess oot hah cofthegdsot hedfzeguencyidasBandn (WBpi @BMALDMEhsyst em | n
one enbodi nent, the buffer 5 30 has a storage capacity of 36 network

synbol s, SANPLEY 1 ONERe OF i §&xpen £hiP. rEPL8XaNPhE, £LBGueheyage in a VB-
CDMA system s approximately 256 x 36 = 9216 sanples or tw ce this anount

if the sanpling_is.done j C chi h st c Foel ude a

di rect %%%%eh%ea gnlsbﬁ%fg%gﬁéy'syg?eﬁygseﬂgélneaﬁyfogﬂéxgﬁgFg? in

Tel ecommunj cations | ndustry Association (TIA/EIA) Interim dard | S-95,
"wbﬁi|eB%x%?%o%-%%gﬁégfaF?éﬂCtﬁﬁp%fi%?|?%9W°§gaﬁ§3#8 ?brsiﬁé$$ de W deband
Spread Spectrum Cel lular Systen! (1S-95). In such a DS-CDVA system each
sequencends prstuifengel 6R1pse EAF pexalPih: aFBepPbatieed ab 3 %ﬁfp rate of

1.2288 Mega-chi ps per second and that repeats every 26 2/3 mlliseconds.
The ni nCBMAn sy seesepar appopsinreeby 3hfps 36 = 9216 samples or

twice this amount if the sampling is done twice per chip.
Such a CDMA system can include a direct sequence CDMA

10 (DS-CDMA) system as defined, for example, in
Telecommunications Industry Association (TIA/EIA) Interim
standard IS-95, "Mobile Station-Base-Station Compatibility
Standard for Dual-Mode Wideband Spread Spectrum Cellular
System" (IS-95). In such a DS-CDMA system, each sequence

15 has a length of 256 chips which are produced at a chip rate
of 1.2288 Mega-chips per second and that repeats every 26
2/3 milliseconds. The minimum time separations are 64 chips
in length allowing a total of 512 different PN code phase
assignments for the base stations.

20 The pilot symbol correlator 32 is coupled to the output
33 of the buffer 30 and is able to retrieve data samples in
groups such as symbols from the buffer. The pilot symbol
correlator 32 can include standard digital signal processing
elements such as a multiplier element 32a and a summing

o5 element 32b. The multiplier element 32a produces a product
7



inlength allowing a total of 512 different PN code phase assignnents for
the base stations. 20 The pilot synbol correlator 32 is coupled to the

out put 3800B/084887 buf fer 30 and is able to retrieve data Pampisezoiom3 groups
such as synbols fromthe buffer. The pilot synbol correlator 32 can

i ncl ude standard digital signal processing elenents such as a multiplier

el ement rS2al @risly anslinhp hgi2S ehehesamBld. fidre ikt sphbel eidpent 32a
produces a product 7 WD 03/084087 PCT/ US03/07643 result by multiplying

each sagpleuwhl onp t heqeynde| c¥bié hgene sataatby nghs egeeaael tnde generated by
the scranbling sequence code generator 34. The scranbling sequence code

gener at or (34, ENSL AL E5eAB-AL LAY Ol SERANDLEAGL BEGYCHEguERdEScoas ndexed by a

range o ime offsets are used during the <calculations. Each of the

i 1ot Srirant SR EE hnfhar &8 hint Fudh SECebEmR BN er iR AR e80! from
S i ar 190CTHE PBE o FORe c9hobi MEoPFEF o br B T se "B oUBt B Kb PR St put 35
of the buffer 30 and is able to retrieve data sanples in groups such as

synbol scétewlattonpuf fBachTRE BBer biBEe oPL BB sHeRERSFREI 8le standard 15

conponents such as a nultiplier elenent 36a and a summin
estimate of the time offset associated with the pilot

signal. The summing element 32b accumulates each product
result from the multiplication calculation to produce a
10 correlated pilot symbol zg.

Similarly, the non-pilot symbol correlator 36 is
coupled to the output 33 of the buffer 30 and is able to
retrieve data samples in groups such as symbols from the
buffer. The correlator 36 also can include standard

15 components such as a multiplier element 36a and a summing
element 36b. The multiplier element 36a produces a product
result by multiplying each sample in the symbol with a
spreading sequence code generated by the spreading sequence
code generator 38. The spreading sequence code generator 38

20 generates an array of spreading sequence codes indexed by a
range of time offsets, which are used during the
calculations. Each time offset represents an estimate of
the time offset associated with the pilot signal. The
summing element 36b accumulates each product result to

25 produce a correlated non-pilot symbol z;. Although only one
8



el ement 36b. The multiplier element 36a produces a product result by

mul tiplying each sanple in the synbol with a spreading sequence code

gener at edwby3iws®sspr eadi ng sequence code generator 38. TIRETAMO®OMIN]Y
sequence code generator 38 20 generates an array of spreadi ng sequence
codes indexed by a range of time offsets, which are used during the

cal cul aidorslatactsd i e differtsedmEsent sclan estictme pfcettrRr t3%re of f set
associated with the pilot signal. The summng elenment 36b accunul ates each

productod@sihd1id 2RI QIS ehch GT Tl ad@flrdlortqaid adacty ndiblwizich Al hough
only one 8 WD 03/084087 PCT/US03/ 07643 correlator 36 is discussed above,

the Searghar & BRI NeaR0ing a0 LD didol MU 1Pl FONOb D ea 1) agrs each

of whic capabl e of producing correlated non-pilot synbols (Zi to Zn)

The pr obabi @I‘%rﬁﬁp ioa ejhligft&/ﬁ?epr%ﬁoﬂg% e:?%tzPo t@&‘g}.%@%o Oénl%éolé%& |9t synbol

correl ator e non- ot sy correlators 36.

The probabiljty engi.ne 40 includes logi¢ for_.calculatin opbability P
usi fg tHee E,Jol"?t—el%ég@@ iq%‘fr%n'klar%%lf %h‘ﬁ e OrT R R e %g%l%pﬁ%? synbol s
such as z, to z,,. The probability P is an assunﬁlion 10, or hypot hesi s that
the selrtled gymeobfiaaie lmoxi Hat esThe RTORARTFEEY @RIWRFat8d with the

pilot signal. The decision logic nodule 42 is coupled to an output of the
pr obabi in¢ludeyi hegid for calowulating 2 Herghalpabityty ysing the

correlated pilot symbol Z0 and the correlated non-pilot
symbols such as z; to zz. The probability P ig an assumption
10 or hypothesis that the selected time offset approximates a
time offset associated with the pilot signal.
The decision logic module 42 is coupled to an output of
the probability engine 40 for calculating the probability P
produced by the engine. The probability P is compared to a
15 threshold that may be based, for example, on industry
standards or design considerations. If the result of the
threshold comparison indicates that the assumption is not
correct, then a new set of correlations and probability
calculations are produced using a subsequent symbol from the
20 buffer. This process is repeated until the threshold is
gatisfied or a timeout condition is met.
As shown in FIG. 3, the searcher receiver 20 stores 100
data containing a pilot signal and non-pilot signals into a

buffer. The data in the buffer 30 can be organized into one



produced by the engine. The probability P is conpared to a 15 threshold
that nay be based, for exanple, on industry standards or design
consi der awpopon®8408f the result of the threshold conpari soCrioyetees t hat
the assunption is not <correct, then a new set of correlations and
probability calculations are produced using a subsequent synbol fromthe
20 buf fer .mdte sgPs@s€sst | Gat € peatEewntudh tde & hewshol deostataingfied or a
timeout condition is nmet. As shown in FIG 3, the searcher receiver 20
stores J00 g4l as&At&sNing a pilot signal and non-pilot signals into a
buffer. The data in the buffer 30 can be organized into one 9 WO 03/084087

PCT/ US03/ 07 r Oup dat.a seophesrsHCHy asyRe SYMOE cont ai ni ng
256 data sanp(gzég%ﬁggg%%e9%5$29€% stored in the buffer Sd? the pil ot

synbol cor.rel ator roduces 102 a_ c el a { S where zo
R ARt et dlatntert Brdffady TS = AL Slothai¥IBOL B 11
represents the [k + d] elenent fromthe scranbling sequence array. The
term x[%Jr represents the k's elenent of the signal-sanples data array 10
fx[k]) retrieved fromthe buffer. The data array can be a conpl ex nunber
simlar to theeserans| Fpsceyuehieg eseaeenes [k Thed]l ntiek gl t epresents a
selected tinme offset which is

The scrambling-sequence [k + d] represents the [k + dl
element from the scrambling sequence array. The term x[kl]
represents the k’s element of the signal-samples data array

10 {x[k]} retrieved from the buffer. The data array can be a
complex number similar to the scrambling sequence elements.
The index d represents a selected time offset which is
examined or probed by the searcher. The pilot symbol
correlator 32 retrieves a sample x[k] from the buffer 30.

15 Each sample, x[k], from the data array is multiplied by a
corresponding (k+d)-element, (in contemporary networks it is
+1 #j) of the scrambling sequence. The multiplication
regsults are accumulated to produce a correlated pilot symbol
Zo .

20 The searcher receiver 20 then produces 104 a correlated
non-pilot symbol such as zi,

where z; = Y (scrambling sequence-codel[k + dl * x[k] *
spreading sequence-code[i, k]) and where the scrambling

sequence-code [k + d] represents an array of scrambling

10



exani ned or probed by the searcher. The pilot symbol correlator 32
retrieves a sanple x[k] fromthe buffer 30. 15 Each sanple, x[k], fromthe
data arrayoiog/osaeBtiplied by a corresponding (k+d)-el enent PCIUSo®OteeIPOr ary
networks it is 1 j) of the scranbling sequence. The nultiplication

results are accunul ated to produce a correlated pilot symbol ZO 20 The
sear chesed@s@ie @iodds tAend prodeces dfdva. cod el Baelly, naa- giboussydbol such
as zi, where z, = Z (scranbling sequence-code[k + d] * x[k] spreading

sequencgscodeline kldrandMhersptbsescs ol itgh segueneeomodpek + d
represents an array of scranbling 10 WO 03/084087 PCT/ US03/ 07643 sequence

codes a%{%i}ﬁte@%% %%?gg.¥§&méﬂé&yfr L SCuSELLr, abRyernbhenbigkmax| K]

Lefgese Jne K 8 romthe synbol data array retrieved fromthe
uffer, an e i ndex represents t I detj f d for the
exFecféﬁéﬁ???ﬁ%F%P# %ts%ﬁg%g?itgﬁmﬁﬁ?ﬁg?%g %%%@tfé#gﬁﬁg.g§§§%§§§, in this
cal cul ation, a spreadi ng, sequence-code ar i s used nd is_ind db

par t3 cubbre t B s¢t %%%9%é?t?ﬁd%%th.th?ﬁ%+Lg%aﬁl%%a ‘se SWSYErEB%gggingy :

sequence-code array for each traffic channel i in the system The
spr eadi bigi 4 ccakobaicEon or 2 ebRrorddBg r BedieRes-aod9ndEray| kF EF6tH t he
buffer 30. Each sanple k in the synbol x[k] is rmultiplied

and is indexed by a particular traffic channel index i.

There can be a separate spreading sequence-code array for
each traffic channel i in the system. The spreading

10 sequence correlator 36 retrieves a symbol x[k] from the
buffer 30. Each sample k in the symbol x[k] is multiplied
by each element in the scrambling sequence code [k + d] to
produce an intermediate result. Each intermediate result is
then multiplied by each spreading sequence-code [i + k] to

15 produce a final product. Each final product is accumulated
to produce a correlated pilot symbol z;. This process is
performed by each non-pilot symbol correlator 36 to produce
scrambling sequence symbols z; to zj.

The probability engine 40 then produces 106 a

20 probability P by using the correlated pilot symbol Z0 and
the correlated non-pilot symbols z; to z,. The probability P
is based on the assumption that the selected time offset d
that was chosen during the correlation process approximates

a time offset associated with the pilot signal that was

11



by each element in the scranbling sequence code [k + d] to produce an
internmediate result. Each internediate result is then nultiplied by each
spr eadi ngweoagense- code [i + k] to 15 produce a final prodartusokemhs fi nal
product is accunmulated to produce a correlated pilot synbol zj. This
process is performed by each non-pilot synbol correlator 36 to produce

scr anbl teree sesdicng etIsy Mo 5l @ 3stdtoiem,  ThHee prodedddlliyy epgl ¢ielab1ehen
produces 106 a 20 probability P by using the correlated pilot synbol ZO and

the coriglnidsk Nedndit dnsy bedisaBilivy zaritihecpeobability P is based on
the assunption that the selected tine offset d that was chosen during the

correlation proGess. ANl Ese fnthieoof fsetpassasiaieg shginehe pil ot
signal that was 11 WO 03/084087 PCT/'US03/ 07643 " received by the nobile

tation. . The propabil] ti o i di £ babi I i t
ar Lt T o RRE et AT 1Rt [t o PR B oo Le Ty Engine | of the

nobi | e- searcher at iven iteration_(sonetjnes.5 call a dwell) is an
arr&y(ﬁa%%ﬁge?agﬁﬂf%gnﬁ%l%n grray Af |coqrelated s n?fghere Zo represents
a pilot channel sumof a few synbols. The probability of the hypothesis
that a sel ected (%finfe:offsét) d that was chosen during the correlation

process 10 approximates the actual tine offset between the nobile
where z, represents a pilot channel sum of a few

symbols. The probability of the hypothesis that a selected
time offset d that was chosen during the correlation process

10 approximates the actual time offset between the mobile
station and the base station. This probability is an
estimate and is conditioned on the input data of correlated
symbols z=(2Zo, 21, .../ Za) -

The probability engine 40 operates according to the

15 following model. It is presumed that in the case of an
incorrect hypothesis Zo,21, - - . Zn are independent zero mean
complex gaussian random variables (r.v.) representing noise
with ¢%-variance for the real and imaginary parts of z;. In
the case of a correct hypothesis the channel and transmitted

20 bits may be present in the received data. In this case - of a
correct hypothesis - a complex zero mean gaussian r.v, h,
representing the channel (multiplied by a constant) is added.
In this scenerio, the procedure involves n+2 independent zero
mean complex gaussian r.v. h, No,N;,...N, and the symbols are

25 given by: ,
12



station and the base station. This probability is an estimate and is
conditioned on the input data of correlated synbols Z= (20O Zi, - - -
Zn) The woobBakioBity engi ne 40 operates according to the PCITS08/HBW ng
nodel . It is presuned that in the case of an incorrect hypothesis Zo, Z1,
- - - zn are independent zero mean conpl ex gaussian random variables (r.v.)
representingznai.s¢h Wt (T 2 i-variance for the real and inmaginary parts
of zi. In the case of a correct hypothesis the channel and transmtted 20
bits may be present in the received data. In this case - of a correct
hypot hesi s -wherenpl ek zegnpkaardajaudsl tanfyowy, the S@‘éﬁ?#@ém{ﬂmg tHe “channel

(multiplied by a constant) is added. In this scenerio, the procedure

i nvol ve$} na@dt ndependent zero mean conplex gaussian r.v. h, NON, ...Nn
and the synbols are 25 given by: 12 WO 03/084087 PCT/U803/07643 zi=ti-sih
+ NI where si is conplex data bit fromthe set U=def=(1'-1,]j j 1 and: tj

= 2*-(the proport3britbe pHepPgytdes eht EBrAY d§déﬁéﬁﬁélfhf12 (Iength of the
synbol) The variance for the real and imaginary parts of his 2= 2
denat edchyanet) *€Ylength of the symbol) .

The variance for the real and imaginary parts of h is

denoted by«xﬁf=c%

It is given that s¢=1 (as no data is sent over the pilot
chénnel) and it that for n> i >0 s; is chosen randomly with
10 uniform distribution from the set U and is independent of all
other sj, jsi. The set of all configuration of bits is

denoted by:

V=vV(n) = {s=(1,81,...,81) ¢ S1,...,8:€U}.
In general there is a known probability function P that

15 assigns a value to each configuration

=(1,81,...,8a), of bits,
where si,...,8,€U, denoted by P(s). The uniform distribution
is a special case in which P(s)=4"%, for all s=(1,s1,...,8n) -

Let A be the event that the hypothesis under
20 consideration is not correct and B=A° that it is correct.

Then the probability of A (and of B) conditioned on the given

13



It is given that sO=1 (as no data is sent over the pilot channel) and it
that for n~! i >0 si is chosen randomy with 10 uniformdistribution from
t he set Uvendos®st ndependent of all other sj, j#i. The setrcafusabire43
configuration of bits is denoted by: V=V (n) S= (1, si, Sn) : si, - - -
, SnE=-U In general there is a known probability function P that 15
assi gnsopsyalaei bos pachatohéi ghe atooneBecéd dyddols z={zq, Bn). -, @) hits,
where si, snkEU, denoted by P (s) . The uniformdistribution -n is a
speci al jgagevén which P (s) =4, f or all S= (1, S1, Sn) Let A be the
event that the hypothesis under 20 consideration is not correct and B=Ac
that it is correct. Then the probability of A (and of B) conditioned on

t he given 13(N¥kD3/984087+PCTbUS®BXQﬁGﬁéA)bﬁ§é¥N@ff0ﬁsl)ﬁhat is the
correlated synbols z= (zo, zi, z.) is given by : P (Al z) (1 +
(p(zIB)/p(zIAQ%-((P(A%-' - ll)-l P(Bl z) 1 - P (ALl z) . 5 Wat is
required is B bEm wrtteR(AsZ  unction of the observation vector z. This
is acconplished in the next step where such termis given for

p(2|§»/p(2|A%ha@?%%ﬁré&u&?@& 1GaLr Loyt OnPLAl ZhncThenf yBCEhEN S

expanded into a

observation vector z. This is accomplished in the next step
where such term is given for p(z|B)/p(z|A), which is then
carried over to P(A|z). The function is expanded into a few
expressions for ease of discussion. (It is proved by

10 integration on the channel.)

Let P be the distribution on the set of all

(transmitted) n-symbols, V, and define for

2 .
C=20515n+1 ti /(2012), Vi= Ziti/(2°01/2-0'i2), i=0,1,......... J, V(e ,Vn):

o) =aet= 20y PEexp((v.0)P).

15 Then:
p(Z[B)/p(z|A) =¢ -6 gp n(v).

Here, in accordance with common convention, the complex
conjugate of a complex number w=x + j-y is denoted here by

the standard w*= x - j.y and (s,v) stands for the standard

20 inner product, that is:

(v,8) = X2ivi-si* , in addition |v|?=(v,v).

14



expressions for ease of discussion. (It is proved by 10 integration on the

channel.) Let P be the distribution on the set of all (transmtted)
n- synbol swov3/osted7 def i ne for C=zo:~i:-~. +, ti /(2cyi 2), PCEUW0307642-C
1/2.(Yi 2), i-0,1 ........... n, V=(VO .......... V-): gp,, (V) =def--Y,

SEV(n) p(S).eXP(I (V' S)12). 15 Then: p(zIB)/p(zJA) =C1-CT-29P,n(V)_ Here, in
accor dance Whd conpibax corants o, -t.he veomplee xonedjansat axasimad i&sehl ex
nunber w=x + j-y is denoted here by the standard w= x - j-y and (s, V)

st ands dQFrdhecsd 20 | merppiogdues, thatdistributsdn=oF-bivé-si* , in
addition IV 1 2= (V, V) 14 W 03/084087 PCT/US03/ 07643 The conpl ex

scal ar s, 0, 1d Yﬁh?fc?rrgonﬁig)eé@d nepaki zedonel akatednsybeliss,i B.practice,

the distribution of bits nmay be uniform P(s)=4 -n for all configuration

of bits, s. .n such a case g, ( = g, V). - [ of ,tfgeSUMin the
5 expr e%réi% C1?oarl Cfaesr?n%jh(?’\%/)_ |%§ %g%)ohent?%? 441 f ,O%Q%:ée %t&mca% bee directly
and accurately, conputed with snmal | _conput ati.onal .l oad onl or._a rat her
smaldl n%?ﬁ%’é‘?s%i‘oﬁn v%elﬁpt%%g’ﬂ. T e F RO A, r]lar)pF%)l?lcr%atlitoﬁsafn Sgn(v) by
| ow conpl exi tﬁ}éal gorithmns rraéébe used. _These approximtions are d_jLscussed
10 in deéirecrthel vl JPEUFRBRESITAEPWF SR UEkTB P deeRt 1 peemputationa

load only for a rather small number of unknown bits, n. For
larger n, approximations of gn(v) by low complexity
algorithms may be used. These approximations are discussed
10 in detail below. The proceeding discussion describes
approximations to gn(v) or, equivalently, to p(z|B)/p(z]|A)
and mentions, whenever applicable, if this is an upper bound
or lower bound, as these are properties that can be employed

for further enhancements.

15 Some of the approximating methods of the function gn(v),
may require the use of the following norm defined here on
complex linear spaces. For v=(v0,...,vn)ecn+l define the

norm:

[v] =max {| ZOSignVi'Si*| X ,Sn) € U“H} .

20 This norm is called here the MBR (Max-Bit-
Reconstruction) norm. An efficient method of computing this

norm is described below.

15



approximations to gn(V) or, equivalently, to p(zIB)/p(zlA) and nentions,
whenever applicable, if this is an upper bound or |ower bound, as these
are propewpDioa®s40Bat can be enployed for further enhancen®argiSois7eSone of
t he approxi mati ng nmet hods of the function gn(V), nmay require the use of
the follow ng normdefined here on conplex |inear spaces. For

V=(VO0, ..., V-ipn Em Gumiodithéme, tttee fothowing pnesed@rsi csn\be Sisedso
.......... Q@=1r +1 20 This normis called here the MBR (Max-Bit-

Reconstyaichdilt HoFme MBR ehdigi il 1ed Nosrof titonpBR i pgotadsrehoam i s
descri bed below. 15 WD 03/084087 PCT/ US03/07643 |In an enbodi nent, the

fol I ow r QF edii £ Useed 9 cOMPIL € dbei dPR8ogmK)cal Imek here the
MDR pr ced€r§§ as %%%$§a%f %ﬁg pﬁ%%ability eng%ne thg%ygstinates 9,,(v) The

roul ol L S0P SRS Sl Sadf n o1 RSt gl coBpL poas sk iy (V3.

U rirs givenin rtesian coordinates, zi =
Xi +j-yj, , and th ou%put is the norg§L¥]” st e %:igpr each i1 =1,2
5 V= separat el YReERe S350 EREREXF P héSufda& dit in u=(1,-1,j,-jl
such that 10 Re (ui*.zi) >0 & Im(ui*.zi) ~ 0, and insert vl wvi.ui*.

Cartesian coordinates, z; = X; + j¥: , and the output is the
MBR norm [v].

step 1: For each i=1,2,...... ,n, separately, the

procedure finds the unique u; in U={1,-1,3,-j} such that

10 Re (u;*-z;) >0 & Im(ui*-z;) = 0, and insert v’'; =
Vitui¥.

The complexity of this step includes 2n real
comparisons with 0.
step 2: The procedure finds a permutation meS; that
15 satisfies:
VW /X e £ Ya@/X'mz Se..L Y @ /X nm
and for each i=1,2,...,n inserts: 2zi<----2'n4)

The complexity of this step includes n real divisions,

n-log(n) comparisons, n real insertions.

20 step 3: The procedure computes: hg = (-J)-Jipwmz’'p and

inserts Max = |ho|?.
The complexity of this step includes 2n real additioms.

step 4: for i=1 to n do

hi = hi; + (1+3)z’:
16



The conplexity of this step includes 2n real conparisons with 0. step 2:
The procedure finds a pernmutation nES, that 15 satisfies: Y -(1)/X 7C(1)
S~ Y Tc(Ep/oxog@37 Y . (.) /X .(.) and for each i=1,2,..., RCIIES03/0B43 zi <

----2z'., (i) The conplexity of this step includes n real divisions,
n-1og(n) conparisons, n real insertions. 20 step 3: The procedure conputes:
ho j ) -Zj:,tP: gfhd|?p antlax)nseMes=MiwiE 1ho 12_ The conplexity of this
step includes 2-n real additions. step 4: for i=1to n do hi = hi-1. +
(1) -z 1 i748 Vn0BLEBAPSIs POTL LSHBLOTEEB1udks (3hi rbad addbRidx= 1 W 1
2 The conplexity of this step includes 5-n real additions, 2n real
product3n fFéel ppoeddct®.returns the value': [z] = Max'/2. 5 In another
enbodi ment, the upper-bound approximation of g,,(Vv), ca) | ed here
Upper - Bound 'thé Uatdcédubasedtunns hehe fohleet nglmht heMaxi’éal i nequality:
gul,. (V) =d.f= (exp(l [V] 12) ~: g. (VO V.) The follow ng steps of
i mplsenment i ngr4 hdsot heguahbbylivant , 1l6hdeupsed:bound approximation of

gn(v), called here Upper-Bound 1 (UBl) is based on the

following mathematical inequality:

Gu,n (V) =det= (exp(]|[v]|?) = gn(vo,...,Vn).

The following steps of implementing this inequality can

10 be used:

Step 1: Compute [v] by the MBR code as described above.

Step 2: Compute (exp(]|[v]]|?) using a look up table for

the exponent.

Also, in some embodiments, the following lower-bound
15 approximation of gn(v), called here Lower-Bound 1 (LB1) is
computed. It is based on the following mathematical

inequality, for v= (vo,...,Vn):
gn (V)2 exp (|v]|?) =det= gu,n (V).

The following steps of implementing this approximation

20 may be used:

Step 1: Compute |v|? in a straightforward standard

fashion.

17



Step 1: Conpute [v] by the MBR code as described above. Step 2: Conpute
(exp(l [V] 12) using a |look up table for the exponent. Al so, in sone
enbodi menwe,0308®8f ol | owi ng | ower - bound 15 approxi mati on @®CTgrsp3N7643 cal | ed
here Lower-Bound 1 (LBl) is conputed. It is based on the fol |l owi ng

mat hemati cal inequal i ty, f or v= (vo, . . ) (v) ~! exp( JVi2)
=def= gL1, .s{df Thecdmbhiomi h@x@tb\pbz)OMSw @rrérqq]mglpt I‘h@]@pp‘{@ ith& i on 20
may be used: Step 1. Conpute V12 in a straightforward standard fashion.

17 WO Q3/ PCT/ US03/ 07643 Step 2: Conpute (exp( JV12) using a |l ook up
table for the exponent Further, in another enbodi nent, the follow ng
upper - bound approxi mation of g,, (V%W,1 call ed here Upper-Bound 2 (UB2) 5
i s conput ed. Futrther batedrpthele sWPOSINeRE netrRnER LAV NAcBRPFT Ty, Let
CC=def= (8 1/2 - 2)/2 then: gu2 (V) =def= 4-nITO<i:~n (Ya Si EU e ( [vl -
(Re (Vibsidd apptofitatsicn of 4000 ~icaBilgdrSieng dgpgr {Bqund (ZRe(T{EBp Si*) -
a-Ilm(vi.si*) > 10 gn(VO, - - -,Vn) The foll ow ng pseudo-code that

i nplseneid scdfipSted. It is based on the following mathematical

inequality, Let o=def= (872 - 2)/2 then:

Tuz (V) =det=  47%4 Vogicn (Es' _, exp ( [v]- (Re (vi-s3¥)
i

o Im(vy-si*) ) )

+ 47 Vocin (ZS, s exp ([v]- (Re(visi¥) - oIm(viss*) ) ) >

10 gn(VOI---an)

The following pseudo-code that implements this

approximation may be used:

r = [v];

il

15 a (sqrt(8) - 2)/2;
productl=1;
product2=1;

for (i=0 ; i <=mn ; i++)

{
20 ul0l= zr*(Re VI[i] + a*Im V[il]);
[*s=1%/
ulll= -ul0];
[*s=-1%/
ul2]l= r*(-Im V[i] + a*Re_VI[il);
25 /*s=3%/

18



approxi mation may be used: r [v] ; 15 a (sqrt (8) - 2) /2; productl=1;
product2=1; for (i=0Oi <=n; i++) 20 u [01 r* (Re-V [i] + a*ImV [i]
[*s=i*] UvOB3/0840BD1 /[*S=-J3*/ u[21l=r*(-ImV[i] + a*Re-V[ PCI/USO2676A3 S=i */
18 WO 03/084087 PCT/US03/07643 u [31 = -u [21 /*s=-j*/ v[Ol= r*(Re-V[il
a*IlmV[il); V[11= -v[01l; 5 v[21=r*(-ImV[il a*Re-V[il); v[31l= -v[2];
U=0 V=0 for (k=0 ;ukBk=4-yl[&t) 10 U = U + exp(u[kl);

[*s=-3%/
v[0]l= r*(Re V[i] - a*Im_VI[il);
v[ll= -v[0];
5 v[2]= r*(-Im V[i] - a*Re VI[il);

vi3]l= -vI[2];

for (k=0 ; k < 4 ; k++)
10 {
U =1U + exp(ulkl);
V=V + exp(vlkl);
}
productl=productl*U/4;

15 product2=product2*V/4;

}

return x=4% (productl+product2) .
The function gy (v) may be estimated by using the
following mathematical approximating inequality, possibly in

20 conjecture with the MBR procedure:

Let v=(vq,...,Vn) €™ and 0<k<n. Put u=(vy + Vi

+...+Vk_1)/k

It then holds for y=(u,u...( times)...U,Vx,...,Vn) that:
gn(Vo,e.e, V)= gnlu,u...u,vi, ..., Vg .

19



V =V + exp(v[kl); productl=product!|*U 4; 15 product2=product 2*V/ 4;
return x=4*(Product! +product?2). The function gn(v) nay be estimated by
usi ng t hewofoslob48i ng mat hemat i cal approxi mating i nequal i t YCTASS30 18y in 20

conjecture with the MBR procedure: Let V=(VO ...,Vn)E Cn+l and O<k<n. Put
u= (vo + vi + +Vk-1) /k It then holds for Y=(U U ... (k tines% ... U Vkt
V,) that: gnbVO, inedadrlitd- hblyUbe. detkmiivad byocDc03A08198%he

PCT/ US03/ 07643 This inequality may be determ ned by cal culating the

functiopufdeidd &, . Wi Chidicrand awern hemnbaindg of (94)(v) dékifaedd and
produced as fol l'ows: 1." Let v= (vo, . .,v,,) be an array of normalized 5

correla LSqand ng S@stso, . . ., s,,) E= U satisfy: [VI =1
Zo: ~i: 5@&* @!@&9 wﬂere iL stsands for the MBR norm U=(Il,-1,j,-j), and
finding [vl and s may be done with the MBR procedure. Define further: 10 2.
WL i = Vi *Si *1f oke®: V=i(¥q, . 3., W)=bal an WrZay okl nommaligedy=y/ */ |ul 11

5 correlated symbols and let s=(Sg,...,Sn) € U™ satisfy:
[v] = | YiosicaVi-Si*

where [v ] stands for the MBR norm, U={1,-1,j,-j}, and

finding [v] and s may be done with the MBR procedure.

Define further:

10 2. w';= vys;* for 0<isn,
3. =W+ Wao + ...+wW')/n,
4. y=u'*/|u’|,
5. Wo=yW'o,
6. u=y-u’,
15 7. xo=Re (wo) ,
8. yo=Im(wo) ,
9. y=(Wo,u,u,...,u),

and finally define:

ng,n(V) = On (Y) .

20 The following method can be used to calculate giz,n(V):

20



5. W=Y*W o 6. U=Y.ul , 15 7. xo=Re (wo) 8. yo=Im(wo) 9. Y= (WO U U,
U and finally define: 9,2, n M= gn (Y) 20 The follow ng nethod can be
used to cabaalostos7 912, n(V) 20 WO 03/ 084087 PCT/USO3/0764$CT8EmpUm43Cbnpute
the equalities 1-9 of the definition above. Step 2: For each -n<p::~n the
processor conputes (possibly by applying a | ookup table) and stores in
menory 5 thetéollow Gomputaysha|equalbfids hip]oE ekp defimisionp ) 2 b
[p] = exp ( (yo + u-p )2), Step 3: Conputation of the desired output by
t he usezdvethe follow ng identity: gn(Y) = 4:-nE 0:5 m< n MO-<k<-m (m
a[2k -m O:~i:gn-mb[m+ 2i k 10 -n] The conplexity of step 1 includes
about n-log (n) arithnetic operations. The conplexity of step 2 includes
requires 4n $tepexpofentsa¢iper fofpEe WP MreCI VRO FCLERLEFS products and
additi on operations. The conplexity of step 3,

(possibly by applying a lookup table) and stores in memory

5 the following arrays al ] & b[ ]:
alpl = exp ( (%o + wp )?), blpl = exp ( (yo + up )?)

Step 3: Computation of the desired output by the use of

the following identity:

8a(y) =42 ( )(Z ['ZJ a2k-m] )+ (. (";’"J b[m+ 2
10 —n])

The complexity of step 1 includes about n-log(n)
arithmetic operations. The complexity of step 2 includes
requires 4n + 2 exponents (performed using a lookup table),
products and addition operations. The complexity of step 3,

15 which may be performed using a look-up table, includes n® +
2n products and addition operations, and the same number of

references to a binomial look-up table.

In addition, the channel h can be estimated through
generalized likelihood ratio test (GLRT) or through other
20 estimators. It may then use the following term for the
probability, or an equivalent term,
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15 which may be perforned using a | ook-up table, includes n 2 + 2n
products and addition operations, and the sanme nunber of references to a
bi nom al woakAsgst able. In addition, the channel h can bePestisosomd3 t hr ough
generalized |likelihood ratio test (GLRT) or through other 20 estimators.
It may then use the followng termfor the probability, or an equival ent
term 21 WO 03/084087 PCT/ USQ3/ 0764 ). p(zIB)/ p(zlA=.8xp( -C. Ih
exp(Re(z*i tp(z®B) pl|A)a ekp@C- WA dhesicn 's.g{,:@piRe(rz*iZti-ﬁi(hiéQé) I n anot her
enbodi ment, the natural log of this equation can 5 be cal cul ated and
conpared to the result with appropriate thresholds. Consequently we have:
10g( p( 2¥Brep(zjA)) = -C.1h,2 + zo:~i:5n log('/~ E SEU exp(Re(zi -ti-s*-h*)
/a, 2) The conputed probability for the incorrectness of an hypothesis
(based on thg=§g%5gqﬁe&ﬁ§bservations Z) or 10 alternatively one or few
approximations of this probability are checked in 108 to determ ne whet her

one or pre. ppedetenined fhr eshol dsrakg1Melog FOE exampl &udton can

probabiTity can be conpared t'o a m ss-detect threshold and a fal se-al arm

L S e, RS PN SRR PPERR Y S d® VIt | hELEBRRGaERAt the

S

thresholds. Consequently we have:

log(p(z|B)/p(zlA)) = -C-|h|2 + Zosign log(% ZseU exp(Re(zi ;-5%*-h¥) /criz) )
The computed probability for the incorrectness of an
hypothesis (based on the vector of observations Z) or
10 alternatively one or few approximations of this probability
are checked in 108 to determine whether one or more
predetermined thresholds are met. For example, the
probability can be compared to a miss-detect threshold and a
false-alarm threshold. The false-alarm threshold represents
15 the likelihood that the selected time offset hypothesis is
correct when, in fact, it is not. On the other hand, the
migs-detect threshold represents the likelihood that the
current selected time offset hypothesis is wrong when it is
actually correct.
20 If the probability P is less than the false-alarm
threshold, then the assumption based on the selected time
offset is correct and the selected time offset can be used

110 to synchronize and communicate with a base station. As
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correct when, in fact, it is not. On the other hand, the m ss-detect
threshold represents the |likelihood that the current selected tine offset
hypot hesi wOio3/08w08Ng when it is actually correct. 20 If treTarsobetsud ity P
is less than the false-alarm threshold, then the assunption based on the
selected time offset is correct and the selected tinme offset can be used
110 t o Gy zabavns, coneras sateEt i N besed stat tloa. prebadi WFY3/ 084087
PCT/ US03/ 07643 di scussed above, the assunption is based on the probability

t hat the,seled esbidde-Of f SRt SPPsOXi ImpBsxithecds nehof tse¢ ofSseci ated wi th
the pilot signal. on the other hand, if the probability is greater than 5

the m sgsdetectedhrasholge Lhes: they@ssunption based on the selected tine
of fset I's considered I ncorrect. The foregoing process can be repeated

5 e e gl 0 L e it Lo et e e

time of fset CIB% relation” and 0 il1ty/ hypot hesis
10 calculation. Simlarly, if e probability is greater than t
f al Se- dthf MtHF LRGP ib%?e?]%%igth *t h ?ﬁ%%%‘&?‘g%:?n 5%?%%h§?d,9ﬁ?hen t he

above process is repeated. A subsequent _synbol fromthe byffer IS used,
and a resvediedl Binerhitet 15 SymbHicERd HOFRHTFoL - syMBI FQFeIREr ul at ed

to produce a new .
process can be repeated using a new time offset d and the

next symbol from the buffer 30. The new time offset is used
during the next correlation and probability/hypothesis
10 calculation.

Similarly, if the probability is greater than the
false-alarm threshold, but less than the miss-detect
threshold, then the above process i1s repeated. A subsequent
symbol from the buffer is used, and a new correlation pilot

15 symbol and non-pilot symbol are calculated to produce a new
probability. The new probability is compared to
threshold(s). When the process is repeated, a new time
offset d is selected and used to evaluate the actual time
offset present in the pilot signal that is transmitted from

20 the base station. In addition, if the number of symbols has
been exhausted during the process without successfully
finding a correct time offset, then the process is performed
using a new symbol. During each correlation calculation,
the correlations results are constantly accumulated for use

25 in the next probability calculation. The process above is
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probability. The new probability is conpared to threshold(s). Wen the
process is repeated, a newtinme offset dis selected and used to eval uate
t he act uawotoset08pf f set present in the pilot signal that IPETIUSas8mwiit ed
from 20 the base station. In addition, if the nunber of symbols has been
exhausted during the process w thout successfully finding a correct tinme
of f set , rehenteleapdoenyspirsvpenkdynedcunsinged mewusdysbere During each
correlation calculation, the correlations results are constantly

accunul gt edaf-gequaRed5the theeneffsprobahikki byenakghbakited. The process
above is 23 WD 03/084087 PCT/US03/07643 repeated and any previously

aCCU”“'@gﬁglé§sH5hﬁe§rewh@hsﬁﬁéd%9mﬂﬁﬁﬁ thechenpugfbsehatleh@eeheen
exhausted. in"a simlar manner, Wwhen the synbols in the buffer have been

process Qgeabogﬁepgggﬁgs Egcéggeggegﬁggayéhqg t he foregoi ng techni ques,

d,_t
t he oveﬁgPFeprocéss of “"synchronizing a nbbile station with a base station

can be inproved. The tine required.to synchronize b e because
non-i | ot siHﬁéPgdﬁﬂﬁ,%ggeﬁgﬁ gageﬁppﬁguéfgnéﬁedgygg%&%s%ﬁgggg%bgg&tract
synchroni zati on. The use of _non-pilot 10Q ggta can provide addi;jonal

i nf or MaEYBFEER1&}ABhRoRPPAL o L2 tASTa W ESuPt DatRe SHENEER (P &fpl es, the

conput ational calculations, and the time needed to synchronize can be
reducedimproved. The time required to synchronize can be reduced

because non-pilot signal data, as well as pilot signal data,
ig used to extract synchronization. The use of non-pilot

10 data can provide additional information for synchronization.
As a result, the number of samples, the computational
calculations, and the time needed to synchronize can be
reduced.

Various features of the invention can be implemented in

15 hardware, software, or a combination of hardware and
software. For example, some aspects of the system can be
implemented in computer programs executing on programmable
computers. Each program can be implemented in a high level
procedural or object-oriented programming language to

20 communicate with a computer system. Furthermore, each such
computer program can be stored on a storage medium, such as
read-only-memory (ROM) readable by a general or special
purpose programmable computer or processor, for configuring
and operating the computer when the storage medium is read

25 by the computer to perform the functions described above.
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Various features of the invention can be inplenented in 15 hardware,
software, or a conbination of hardware and software. For exanple, sone
aspect s oWotohes®ygst em can be inplenmented in conputer pro@Cansopamwaeti ng on
programmabl e conputers. Each program can be inplenented in a high |evel
procedural or object-oriented progranm ng | anguage to 20 communicate with a
conput er systter Fli heverm s, 1 @ hasaiohi tlcompuhe rs gopgy rafn ©e@ be stored on
a storage nedium such as read-only-nmenory (ROM readable by a general or
speci al fo PLEPOSE PILORaMabl e conputer or processor, for configuring and
operating the conputer when the storage nmediumis read 25 by the conputer
to performthe functions described above. 24 WO 03/084087 PCT/ US03/07643
ot her inplenmentations are within the scope of the following clains. 25 WO
03/ 084087 PCT/ US03/07643 WHAT IS CLAIMED IS: 1. A nethod conpri sing:
processing at | east one non-pilot channel; and determ ning whether a base
station is synchronized 5 based on results of processing. 2. The nethod of
claim1 wherein processing the non-pilot channel includes producing at

| east one non-pilot correl ated

25



synbol by correlating a signal sequence with a spreading sequence that
corresponds to the non-pilot channel. 10 3. The nethod of claim2 wherein
pr oduci ngwpDla/084081T east one non-pil ot correl ated synbol i RCrageyoprdcessi ng
signals that have been previously stored in a nenory. 4. The nethod of
claim 1l wherein determ ning synchronization includes conmputing a

corr el aWedT sysboLAZMAD 18:conparing the correlated synbol with a
predeterm ned threshold. 5. The nmethod of claiml further conprising
processing a pilot signal that includes producing a correl ated pil ot

synbol Dy coxretehbldgecempsir@isshgsequence with a network 20 scranbling
sequence. 6. The nethod of claim 1 wherein determ ning synchronization

includes conputifgsangr ePabbhityoRaseshopilade ¥EuARED8488d PCT/ US03/ 07643
correlated pilot synbols and non-pilot synbols and checking whether the

probabi I'i ty 3?%%§$iﬁ?n§|%ﬂé€ﬁgglg'bgseTQ@a@?&HogsOéyﬁgﬁkghﬁzﬁﬁerein the

threshol d i nC es a east one m ss-detect thresho and one fal se-alarm
5 threshold., 8. The thog of claim1 wherein the non-pilot channel

i nclide 3S?¢a??i5eﬁﬂgﬁﬁeP oPTE°EBRLYD! channel. 9. The nmethod of claiml
further conprising producing

2. The method of claim 1 wherein processing the non-pilot
channel includes producing at least one non-pilot correlated
symbol by correlating a signal sequence with a spreading

sequence that corresponds to the non-pilot channel.

10 3. The method of claim 2 wherein producing the at least
one non-pilot correlated symbol includes processing signals

that have been previously stored in a memory.

4. The method of claim 1 wherein determining
synchronization includes computing a correlated symbol and
15 comparing the correlated symbol with a predetermined

threshold.

5. The method of claim 1 further comprising processing a
pilot signal that includes producing a correlated pilot
symbol by correlating a signal sequence with a network

20 scrambling sequence.

6. The method of claim 1 wherein determining
synchronization includes computing a probability based on
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pil ot synbols using correlations of a sanpled signal 10 sequence and a
networ k scranbling sequence. 10. A searcher receiver conprising: a buffer
for storiwgodas@s7 and a processor coupled to the buffer, Prog/ysodemssor

i ncluding a conputer-readabl e nediumstoring instructions 15 that when
applied to the processor, cause the processor to: process at |east one
non- pi | ebreéhaned, pahdt dgmbohsnandheoheplbobasﬁmbpésl@nd|§h§yhéﬁ90n|zed
based on results of processing. 11. The searcher receiver of claim10
Mhefeinwhé@h@foﬁﬁésgfobéﬁil5t90§é£@9f$dst@ phodsheldt | east one non-pil ot
correlated synbol by correlating a signal sequence with a spreading
sequence that corresponds to the non-pilot channel. 27 WD 03/084087

PCT/ US03/ 07648 hethdhieosearshar ¢r @aek¥en oheCthBrashdldhenelndebeapr ocessor
is configured to produce the at |east one non-pilot correlated synbol by

processj pg, §'gﬂélﬁl%Qaﬁeéé¥§opﬁﬁgsh8iQVEHHSEMeSEQEEQ hla@mmenory. 5 13. The

sear cher recerver alm erein the processor is configured to
deternlgg ¥§ T roni zati on by conputing a correlated synbol and conparing
t he %or FBFSPBA 8ymbol with a predetermined threshol d. 14. The searcher
receiver of claim 10 wherein the processor

8. The method of claim 1 wherein the non-pilot channel

4

include a traffic channel or a control channel.

9. The method of claim 1 further comprising producing
pilot symbols using correlations of a sampled signal

10 sequence and a network scrambling seqguence.

10. A searcher receiver comprising:
a buffer for storing data; and
a processor coupled to the buffer, the processor
including a computer-readable medium storing instructions
15 that when applied to the processor, cause the processor to:
process at least one non-pilot channel, and
determine whether a base station is synchronized

based on results of processing.

11. The searcher receiver of claim 10 wherein the processor
20 is configured to produce at least one non-pilot correlated
symbol by correlating a signal sequence with a spreading

sequence that corresponds to the non-pilot channel.
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10 is configured to process a pilot signal that includes producing a
correlated pilot synbol by correlating a signal sequence with a network
scranbl i ngovsmsweTe. 15. The searcher receiver of clai m 1eCENS®ITI43 he
processor is configured to determ ne synchroni zation includes 15 computing
a probability based on correlated pilot synmbols and non-pilot synbols and
checki e whethhersddmechpeobadiditer chtekdirslh vheeshol the 1BroghesgEar cher
recei ver of claim15 wherein the threshold includes at |east one

ni ss- det @choh i fshad de@ansr-oiecd atlse-aol @b st nohdreshoptilo®8 WO 03/ 084087
PCT/ US03/ 07643 17. The searcher receiver of claim 10 wherein the processor

| s confd gUEefl { 93 PERANGE ]@ﬁr'%oéé’é’@ﬂhé 45441 60E ket abhpasbeén a sanpl ed

si gnal sequence and a network scranbling sequence. 18. A nobile station

conprising:.S front-end. Ci ' convert electrical signals into
digitalp 61%8u§? é?é%é@c %réﬁ%%é?{ i coupled to the front-end circuit to

receive the digital data, wherein the searcher receiver conprising: 10 a
buffer stori data, and

a processor coupled. t . bu r pLpcessor
ncifudi Ty a BonprteteRehdanl e Vet i € %Jlr')‘f‘ngo nkPEiRUERE  prblEs
is configured to determine synchronization by computing a
correlated symbol and comparing the correlated symbol with a

predetermined threshold.

14. The searcher receiver of claim 10 wherein the processor
10 is configured to process a pilot signal that includes
producing a correlated pilot symbol by correlating a signal

sequence with a network scrambling sequence.

15. The searcher receiver of claim 10 wherein the processor
is configured to determine synchronization includes

15 computing a probability based on correlated pilot symbols
and non-pilot symbols and checking whether the probability

satisfies a threshold.

16. The searcher receiver of claim 15 wherein the threshold
includeg at least one miss-detect threshold and one false-

20 alarm threshold.
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instructions that when applied to the processor, cause the processor to:
15 process at | east one non-pilot channel, and determ ne whether a base
station iwoggfetsDNni zed based on results of processing. PeT/UShgoTsadi |
station of claim19 wherein the processor is 20 configured to process the
non-pi |l ot channel includes producing at |east one non-pil ot

correl atted- syhbokebhychenr rekativeg afstdrain 3€qubrrein theapspresdiong
sequence that corresponds to the non-pilot channel. 29 WO 03/084087

PCT/ USO3L046481g3PedThe pRbBulieesbalbensofbeollai sifgwhereielathensr ofessor is
configured to produce the at | east one non-pilot correlated synbol

i ncl ude i Lanaksukhat hayeabaeRyBLRYeshi1 isi0keduenca . Menmory.
521. T egéggﬁﬁg g?gﬁ?gnggéublain119 aherern t he proceés%?sigu configured

to determ ne synchronization includes conputing a correlated synbol and

conparig?athg %8%32%Z%ﬁgfgg%ﬁgbmgkggﬁﬁg:predeternined t hreshol d. 22. The

nobi | e tion o ere e"processor is 10 configured to

i | i gnal _that_incl ud duci : ; 4 ol
D T erar R EoBEaRRr SatnEe tour PRV e ot ar b eha Bidhe bl oV 59

The nobile station of claim 19 wherein the processor is
digital data; and

a searcher receiver coupled to the front-end circuit to
receive the digital data, wherein the searcher receiver
comprising:

10 a buffer storing data, and
a processor coupled to the buffer, the processor
including a computer-readable medium storing
instructions that when applied to the processor, cause
the processor to:
15 process at least one non-pilot channel, and
determine whether a base station is synchronized

based on results of processing.

19. The mobile station of claim 19 wherein the processor is
20 configured to process the non-pilot channel includes

producing at least one non-pilot correlated-symbol by

correlating a signal sequence with a spreading sequence that

corresponds to the non-pilot channel.
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configured to determ ne synchronization includes conputing a 15
probability based on correlated pilot synbols and non-pilot synbols and
checki ng waesletst he probability satisfies a threshold. 2¢I/Ush&otsadbil e
station of claim19 wherein the processor is configured to produce pil ot
synbol s using correlations of a 20 sanpl ed signal sequence and a network
scranbl2og stheemckile26taionnuiinctatiinohs shsreimcbhpr bsPAgsseT WO

03/ 084087 PCT/ US03/ 07643 a base station configured to send el ectri cal

si gnal sgonanguee8OPb| grefateophel get Legat! yneonuphedilott berbadetedt ati on,
the nobile station including a front-end circuit to 5 convert the

eleCtriQg%béhgﬂﬁé§uagéOpgbgégéhngagﬁgﬁagsatﬁﬁgrHﬁeé bééﬁiEQéVQQUQl§d to the
front-end circuit to receive the digital data, wherein the searcher

receiver, conptising; uffer for storing data, and 10 a processor coupl ed
to the %E?FS&PlPh% %?%gggéor i ncl udi ng a conputer-readabl e nmedi um storing
instructions that when applied to the processor, cause the processor to:

process, 2t | sastone: non: pill, §BapRgky 280,48 UFLPCHLNG.YRELSE dcbase
configured to determine synchronization includes computing a

correlated symbol and comparing the correlated symbol with a

predetermined threshold.

22. The mobile station of claim 19 wherein the processor is
10 configured to process a pilot signal that includes producing
a correlated pilot symbol by correlating a signal sequence

with a network scrambling sequence.

23. The mobile station of claim 19 wherein the processor is

configured to determine synchronization includes computing a
15 probability based on correlated pilot symbols and non-pilot

symbols and checking whether the probability satisfies a

threshold.

24. The mobile station of claim 19 wherein the processor is
configured to produce pilot symbols using correlations of a

20 sampled signal sequence and a network scrambling sequence.

25. A communications system comprising:
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based on results of processing. 26. The conmuni cati ons system of claim 25
wherein the processor is configured to processing the non-pilot channel

i ncl udes Wo®WdWO8408Yy at | east one non-pilot correl ated synb@CTAGObY7643
correlating a signal sequence with a spreadi ng sequence that corresponds
to the non-pilot channel. 27. The conmuni cati ons system of claim 26 wherein
the processarbasecetbtgonedonfipnoadcingsend ellecsairadnéisonlsil WO

03/ 084087 PCT/ US03/ 07643 pilot correl ated synbol includes processing

si gnal saghat have been previously stored in a nenory. 28. The

comuni cations systemof claim25 wherein the processor is configured to

det erm ne ,Syacl%%héatsit%ibhateleétm@bgdgsc@gﬁm@ai B® @heobhgkat ed synbol
and conparing the correlated synbol with a predeterm ned threshold. 29.

The CO”EEQEE%EL°@§e5¥%5§§E0%t8E§EH‘ﬁ§8WU8&ﬁ%”atE§onEL%%%$%9&ch§tC9%figured
0 gnarl -t hat u

to process-a pi'l Si I'nc es producing a correlated pil ot

synbol by correlating 10 a signal sequence w.th, a-ngtwork scranbling
seqd%nc@gnv§5% #ﬁ@ @gﬁﬁgﬁFgﬁhigﬁgngggtéH18f%%péF%%2 awﬁngﬁhathe processor
is configured to determ ne synchroni zatign that _ingludes conputing a

pr obabi FREY¥Ch&EedS6R1¥6ET EPHPEEIpitPot Res FHRBIS ©RAd CAGHRYSit synbol s and

checki ng whether the 15 probability satisfies a threshold. .
receive the digital data, wherein the searcher receiver

comprising:
a buffer for storing data, and
10 a processor coupled to the buffer, the processor
including a computer-readable medium storing
instructions that when applied to the processor, cause
the processor to:
process at least one non-pilot channel, and
15 determine whether a base station is synchronized

based on results of processing.

26. The communications system of claim 25 wherein the

processor is configured to processing the non-pilot channel

includes producing at least one non-pilot correlated symbol
20 by correlating a signal sequence with a spreading sequence

that corresponds to the non-pilot channel.

27. The communications system of claim 26 wherein the

processor is configured to producing the at least one non-
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pilot correlated symbol includes processing signals that

have been previously stored in a memory.

28. The communications system of claim 25 wherein the
processor is configured to determine synchronization that
includes computing a correlated symbol and comparing the

correlated symbol with a predetermined threshold.

29. The communications system of claim 25 wherein the
processor is configured to process a pilot signal that
includes producing a correlated pilot symbol by correlating

a signal sequence with a network scrambling sequence.

30. The communications system of claim 25 wherein the
processor is configured to determine synchronization that
includes computing a probability based on correlated pilot
symbols and non-pilot symbols and checking whether the

probability satisfies a threshold.
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