* SYSTEMS USI NG CODE DI VI SI ON MULTI PLE ACCESS BACKGROUND Thi s

generally relates to spread spectrum Ti ne Division Duplex (TDD)

comuni cation systens using Code Division Miultiple Access (CDVA). More
particularly, the present invention relates to cell search procedure of
User Equi pnment (UE) within TDD/ CDVA conmuni cation systens. Figure 1

depicts a wireles i i system The
system has a pl urQ@@%ﬁ@@ﬁf’&@g@gﬁgﬂwmmﬁl%@ﬁase station 30,
has an associ at eg e EX3BOMRIBNICATION SMBTREMSY SINGHCODE equi prent s
(UEs) 32, to 323 inits cell_ 341. IB ﬁag g&éﬁ) onmuni cati ng over

di fferent frequency spect rJAREISIORHM gﬁs rry multiple

comuni cati ons over the sanme spectrum The nmultiple signals are

di stingui shed by their respectiv ces (codes). Also, to nore
efficiently use the spectrum TM@@@B as illustrated in Figure 2
use repeating frames 38 divided into a nunber of tine slots 361 to 36,,,,
such as si xt gy {rjveatiohoienetallyoreldies iospreal spyatemsine Dovisioni Rapiean i s
sent in selected tinme slots 361 to 36n using sel ected codes. Accordingly,

one 11 G 38,5 capabl & of ST YLNG EKLL B RSP TVRRA 28 dhphiRgu Shed

0 3.DEC 2003 CELL SEARCH PROCEDURE FOR TIME DI VI SI ON DUPLEX (Wﬁﬂ
i nve _E’%ﬂdf]\l

More particularly, the present invention relates to cell search procedure of User
Equipment (UE) within TDD/CDMA communication systems.

Figure 1 depicts a wireless spread spectrum TDD/CDMA communication
system. The system has a plurality of base stations 30, to 30,. Each base station 30;
has an associated cell 34, to 34, and communicates with user equipments (UEs) 32,
to 32, in its cell 34,.

In addition to communicating over different frequency spectrums,
TDD/CDMA systems carry multiple communications over the same spectrum. The
multiple signals are distinguished by their respective code sethnces {(codes). Also,
to more efficiently use the spectrum, TDD/CDMA systems as illustrated in Figure
2 use repeating frames 38 divided into a number of time slots 36, to 36, , such as
sixteen time slots 0 to 15. In such systems, a communication is sent in selected time
slots 36, to 36, using selected codes. Accordingly, one frame 38 is capable of
carrying multiple communications distinguished by both time slot 36, to 36, and

code.




code. -1 0 3 DEC 2003 For a UE 32, to communicate with a base sé%t :DEE ?‘]OJ3
"time and code synchronization is required. Figure 3 is a flow Bhe
cell search and synchronization process. Initially, the UE 321 mnust

determ ne which base station 30, to 30, and cell 341 to 347 to

communi cate. |nh a system all the hase statigpns 301 to, 307 are
time synchronf9ed ﬁﬁi 1§ SRABMUSIGHS SHitk| 4 dass  stpigen ﬁgndﬁ};‘%rﬁ@a@é‘?\ with
UEs 32, to 327, each base station 30, to 307 sends a Primary

Synchr ongﬁé]ﬁ@:ﬂzﬁ?&@ it Feghired Bigveead iSar gRAAIhady B¢ theteARsethCage (SSO)

signals im the tinme slot "dedi cated for synchronization. The PSC S|gnal has
an associated chip code, such_as an_unnodul ated 256 hjerarchi cal and

is tran§)’ﬁﬁ’c1¥@é!1ﬂ%0@ ﬁéoC@émIamaéld,w&éEé%musgé@sme Wchlhaﬁ%'iaé}@@:" a base
station 30, may transmt in one or two time slots, such as for a system

US' ?97fi g:&ﬁ'&ﬁﬁc&lm %ésg”zé'b&ﬁxmﬁﬁ@&teKng ’Pb?i/dﬁm QEf, *én't%e%afsaer 0,

e technique'used’to generate a C signal is 0 use
hi er ar chi cal sequences such as X1 and X2 in Equations | and 2 X1 =[1,
1, -1, -statiops-30, to 303 are1tjme ssynchronized within &, basg] s@goat flawster. xoe |1,
1, -1, -1, -1, -1, 1, -1, 1, 1, -1, 1, 1, 1, -1, 1] Equation 2 Equation 3

st Al 5106 ARBH QAN U L1559 &2nA28e UAIGH 302l 5095ndk(d brintig|ng X

Synchronization Code (PSC) and several Secondary Synchronization Code (SSC) '
signals in the time slot dedicated for synchronization. The PSC signal has an
associated chip code, such as an unmodulated 256 hierarchical code, and is
transmitted in the dedicated time slot, step 46. To illustrate, a base station 30, may
transmit in one or two time slots, such as for a system using time slots 0 to 15 in time
slot K or slot K+8, where K is either 0, ..., 7.

One technique used to generate a PSC signal is to use two 16 hierarchical

sequences, such as X1 and X2 in Equations 1 and 2.
Xl=[1,1,-1,-1,1,-1,1,-1,-1,-1,-1,-1, 1, 1, 1, -1} Equation 1
X2=[1,1,-1,-1,-1,-1,1,-1,1,1,-1, 1, 1, 1, -1, 1] Equation 2

Equation 3 illustrates one approach to generate a 256 hierarchal code, y(i}, using X1

and X2.

y(i) = X1 (i mod 16) x X2 (i div 16), where i = 0, ..., 255 Equation 3

2.



y(i) = X1 (i mod 16) x X2 (i div 16), where i =0, ..., 255 Equ@t} cﬁ‘g@zﬂ@no
"3 DEC 2003 Using y(i), the PSC is generated such as by conbining y(l

the first row of | ength 256 Hadanar ad rnatrlx ho, to produce CP(i) as in
Equation 4. Cp(i) =vy(i) x ha(i), where i =0, ..., 255 Equation 4 Since

the fi r’EJ ln%meé 'ib@g*?s (g%fgra@dfz?bgﬂgg Vmcr:&@;bﬁhh%w) SRUBRCArst EaWagS on 4

reduces ., 255 Equation 5 The
Cp(i) is used to produce a spread spectrum PSC signal  suitable for

t r ansmi ksgtn256 Hadpmerashmative Hyakeprdace 6p6) ag & 208 dns from
interfering with each other, each base station 30, to 307 sends its PSC
signal with a unique tine offset, torrs~t, fromthe tine slot boundary 40. |
Differing time offsets are shown for time slot 42 in Figure 4. To
illustrate, a first base station 30, has a first tine offset 441,. torfset,|
for the PSC élg@haly(l)acﬁd)(li whersrice Base 256at i on 302, has a scEauationde of f set
442, toffsct To differentiate the different base stations 30, to 307 and
cells 34, to 347, each base station 30, to 307 within the cluster is
assigned a different group of codes (code group). One. approach for
assigning a torru, for a base station using an nh code group 44,,,

t of f set Smacsthchuat faom of .the dddaodarad nmatrix7s An dbeacissquencg Equation 4

reduces to Equation 5.
C,(1) = y(i), where 1 =0, ..., 255 Equation 5

The C (i} is used to produce a spread spectrum PSC signal suitable for transmission.
To prevent the base stations' communications from interfering with each

other, each base station 30, to 30, sends its PSC signal with a unique time offset,
lomerr from the time slot boundary 40. Differing time offsets are shown for time slot
42 in Figure 4. To illustrate, a first base station 30, has a first time offset 44, t .
for the PSC signal, and a second base station 30,, has a second time offset 44,, tyy..».
To differentiate the different base stations 30, to 30, and cells 34, to 34,, each

base station 30, to 30, within the cluster is assigned a different group of codes (code
group). One approach for assigning a t g, for a base station using an n” code group

44,1 is Equation 6.

offset.n

t =n-71T, Equation 6

offseln



0 3 .DEC 2003 TC is the chip duration and each slot has a duration of 2560

‘chips. As a result, the offset 42" for each sequential code gfjQuiECs2003

spaced 71 chips. Since initially the UE 321 and the base stations 301 to

307 are not time synchronized, the UE 321 searches through every chip in

the frane ﬁB for PSC, si gnal S, acconplish this search, received signals
t

) T
are i nput t'eds i ghipdwarl nfainldt?é#cg SARY B35 2 durptionrei2 369 elnps PEG sragnli) the chip

code. The PSC nmatched filter is used to search through all the chips of a

frame to igfpyet 4Ry férencRSeqabanal cafe %—Ib*r%x’;;gg%?aéédaﬂ iips301 having the

strongest signal. This process is refe 0 as step-1 of cell search
procedure. After the UE 321 identifies the PSC signal of the strongest base
station 301, tsrri@C‘UEnQQlil}’nﬂ'é’dyE S eanst thenbasehatatione M), dp 3%,1ateon®6iimien

whi ch that PSC and SSC signals are transmtted (referred to as the

Physi cal QyReh¥daMeZBtthe Uy ”@égﬁ%ﬁé%ﬁrgu %111 %er?s Bltli.')psi?lr ] ¢ ﬁgmg O.fhgfog;lggﬁ o used

by the identified base station roce erre p- 2
of cell search procedure, To indicate the code group assigned to the base
station 3®gnis Taacesmplish ghis spanch, npexvedisignalagee ispattedm SahtehedfHndrt s
signal s havi ng sel ected secondary synchroni zati on codes (SSCs), step 48.

The | E ; | janal s ' i t he b
St on' s eadn g FERd N8 LI omRTE B FORE, Phe RRT tn i R R B2°

received, step 52. For_a TDD system using 32 code groups and two possible
PSCH ti rre5§|1’i§§;§m%h al} theechips oh adsame teidentif'y the RS sigrd) obthe tappstatioh t o
i dentify the code group

30, having the strongest signal. This process is referred to as step-1 of cell search
procedure,

After the UE 32, identifies the PSC signal of the strongest base station 30,,
the UE 32, needs to determine the time slot 36, to 36, in which that PSC and SSC
signals are transmitted (referred to as the Physical Synchronization Channel (PSCH)
time slot) and the code group used by the identified base station 30,. This process
is referred to as step-2 of cell search procedure. To indicate the code group assigned
to the base staﬁon 30, and the PSCH time slot index, the base station 30, transmits
signals having selected secondary synchronization codes (SSCs), step 48. The UE
32, receives these SSC signals, step 50, and identifies the base station's code group
and PSCH time slot index based on which SSCs were received, step 52.

For a TDD system using 32 code groups and two possible PSCH time slots
per frame, such as time slots K and K+8, one approach to identify the code group
and PSCH time slot index is to send a signal having one of 64 SSCs. Each of the

synchronization codes corresponds to one of the 32 code groups and two possible

4



and PSCH tine slot index is to send a signal having one of 64 SSCs. Each of

“‘the synchroni zatjon codes corresponds to one of the 32.code gr ménw
possible -4 0 3 DEC 2003 PSCH tinme slots. This approach adds coﬁ;‘f '

the UE 321 requiring at |east 64 matched filters and extensive processing.
To identify the code group and PSCH tinme .slot index, 17,344 real

addi tions 28 r.eal Ltipli | : | %Ei ﬁﬁﬁrin' 2Ejdakd sl ot
and 64 remmgﬂ_&" SFB&?@@Z@@%@@%XIJS%?E# on. %ﬁ?.a tergat | VEMKa
approach for step-2 of cell search procedure uses 17 SSCs. These 17 SSCs

are used gattheteRltthend2xtamtveproogssing $oidentibsthie bbée Poop andmis SHaimae per
frame. To inplenent this approach, at |least 17 nmatched filters are

required. ,Ta i.denfi the cade gr [ . Lt ons
and 31 eatoiaieRpt ok ron oL AP 1 26 Yo PRI iods SR rebRRpa 2ol
Additionally, 512 real additions are required for the decision. WD 99/12273
di scl oses REGHimeslotand Wiareabmdditions exs raqbied for deidesisig.base station
transm ssion is divided into-tinme slots. Each tinme slot includes a primry

Famng eyncnih i s e R Aol Rl Sk Bt BT SPRM Gy

146 Uni versal Mobile Tel econmuni cati ons System 30.06 version 3.0.0 .,
di scl oses Thdsadd $3@s areusdriolindex fut 3 A0S BTMIAS aﬂdrﬂwqm%ﬁl@?l?@@ﬁmfﬂﬁt i on
code is transmtted for a frame and a phase reference, Each of 16 possible
base slots per frame. To impl@rpent thlS approach, at 1.eas.t 1'7. PlafCh?d filters are required.
To; i'c.iem.ify‘ the céde group and nmc élot, 1,561 'réf;l. additions and 34 real
multiplications are rcquired‘ for each PSCH time slot. Additionally, 512 réal
additions are required for the decision. |
WO 99/12273 discloses a system for synchronizing to a base station. A base
statiqh 'tr'an:smission is ‘d;.il\;rided int-o time slots.. Each'l;:}ﬁx; sl:ot includes a primary
synchronization code anda secondary synchronization code including both framiﬁg
synchronization and scrambling or long code information.
TR 101 146 Universal Mobile Telecommunications System 30.06 version
'3.(:).0 disclotses a base s;te'{tion.éynéhronizéﬁoﬁ :sys'tem;.'-} ‘A'Zpri'mary synchronization
code is transmitted for a frame and a phase reference. Each of 16 possible base
station code groups are ﬁssigned to a unique secondary synchronjzation code. The
secondary synchronization code transmitted by the base station identifies the code
‘group of the base station,
Higuchi et al., "Fast Cell Search Algorithm in DS-CDMA Mobile Radio using

Long Spreading Codes," discloses a system for assigning long spreading codes to a

_5.



station code groups are assigned to a unique secondary synchroni zation
‘code. The secondary synchroni zation code transnmtted by the basﬂe3s@é’iiwﬂ3
i-dentifies the code group of the base station. . Hi guchi et al., "Fast
Cell Search Algorithmin D S-CDVA Mbil e Radio using Long Spreading
Codes, " discloses a systemfor assigning |long spreading codes to a -5 0 3

PEC 2003 ce]l, A control gchann S agd.. j - ] f L.ngite -
uni que | O‘ngld%ﬁgméﬂgcwgﬁéﬂ)mghgg a&m‘g?gggﬁ&%e{ﬁ qug]gé;l&léggﬁhgg |'s
transmtted short code has-a | ong code group identifier code to identify
_the | ong gekst chblle vomingbrbe deedll sivdse Eachr el transmitiedrshosndade asquiongd by a
UE 32, to ' perf.ormcell- search procedure. SUNEAARY :A base station sends a

synchroni zation signal_.in assi i to auser equipnent in a
tine divi&} @Hﬁllaimﬁecﬁé\ﬂjéa?fﬁﬂﬁﬂ"‘%F%%eéé%%ess conununi cation system
The base station has an assigned code group out of a predeternined nunber
of code groups; wheldbsalesirableoo tetmos the coseplesity dequicehdyry UE 32, to
synchroni zat'i on code signals out of a set of secondary synchroni zation
code signal s. The plunﬁlit¥#é§ secondary synchroni zati on code signals
number s | BEEOTRSALSSACE ROt H ™ edet er mi ned” number of code groups. The
user equipnent identifies the transmtted selected O 3 DEC 2003

SUMMARY
A base station sends a synchronization signal in an assigned time slot to a user
equipment in a time division duplex code division multiple access commmunication
syster. The base station has an assigned code group out of a predetermned number
of code 'grm.lps.‘ The bzz;k;,clstatic.\.:n't:‘rans;rx‘itlls selec.tt-:'d sccclmdary slyr‘lé:hmnization code
\sigﬁal_s out of a set of secoﬁdary synchronization code signals. The plurality of

secondary synchronization code signals numbers less than half of the predetermined

number of code groups. The user equipment identifies the transmitted selected



‘secondary code signals. Based on in part the identified secondaruy% DF%F@IUE‘!:'—‘
synchroni zati on code signals, the assigned code group is determ™ned’™ »
DESCRI PTION OF THE DRAWNGS Figure 1 illustrates a prior art TDD/ CDVA
system Figure 2 illustrates time slots in repeating franes of a TDD/ CDVA

system jgure 3 is a flowchart of cel] search. Figure 4 illustrates tine
of fsets ugécg)%@ryd‘ﬂ%e?gﬁﬁlsbgaéeg £adn gag [é%rfﬁﬁnﬁ@}dpﬁep%qiwmémmamu on
code signals. Figure 5 is a diagramof the sinplified conponents of a user
equi pment cade sigaabate @spinedtodsighgupistterniiage shift keyi ng nodul ation
for cell search. Figure 6 is a flow chart of secondary synchronization code
assignnent. Figure 7 illustrates the sinplified conponents of a user

equi pnent and a base station using quadrature phase shift keying

nodul ation for cell search. Figure 8 illustrates the sinplified conponents

of a user equi pnent anBRAEFBESCRIRTION OFAKETIRAWINGS mum nunber  of
transmtted secondary synchroni zati on codes using quadrature phase shift

vari ods synchFSatsct ARG AREO RPN SRk at 0 channel - -
conditions. 0 3 DEC 2003 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
The preferred &igoai Zrihtstravdsl imbelodeiagepethgifriiihes 6f EDDRCDM AN @AW Ng
Figure 3 is a flow chart of cell search.
Figure 4 illustrates time offsets used by differing base stations sending
primary synchronization code signals.
Figure 5 is a diagram of the simplified components of a user equipment and
a base station using binary phase shift keying modulation for cell search.
Figure 6 1s a flow chart of secondary synchronization code assignment.
Figure 7 illustrates the simplified components of a user equipment and a base
station using quadrature phase shift keying modulation for cell search.
Figure 8 illustrates the simplified components of a user equipment and a base
station reducing the maximum number of transmitted secondary synchronization
codes using quadrature phase shift keying modulation.

Figures 9 to 17 are graphs depicting the performance of various

synchronization systemns under varying simulated channel conditions.



figures where |ike nunerals represent |ike elenments throughout. Fj e E[Ee
shows the sinplified circuitry of a base station 30, and a UE del%;g&Z
in cell search. During step-lI of the cell search, the base station 30,
generates a PSC signal using a PSC spread spectrum signal generator 66

havi ng t hepETRIKEDBESCRIPTEON OF FHE! PREFERRED EMBBOMIMENIES base
station 301. The PSC signal is conbined by a conbiner 63 with MS SC

signals. The_conbi.ned, signal is nodul af ed . a .noduyl at or. rier
frequency. THe REdered %@gQ&Wts ﬁ"éﬂi)gs&etgﬁpgé% ngﬁr# { I%F 53%%%85%?11 S
radiated by an antenna 58 or, alternately, an antenna array. The UE 32,

recei Ve ks Mdlese iké MEmanlaeprieat 1Tk dementd tarowgtsuy, Figurert snoras ter r ay .
The rece%ved signals are passed through an isolator 72 where they are

denodul ated by a denodul ator 74 tgo base requency, ri ep-1 of the
ol | sumph R PBLO MR siptton T anaet UL Todar Byt e il Ehlig o
search through all the chips of a frane 38 to identify the PSC signal of

the basg.stiabi Rk d0ilsdinet, Mg bhR s@ﬁéls)so??&n@ﬂamad PSQhsigapbusiagha PSC
detection of a PSC signal location in a frane is as follows. A selected

nunber of positions in the received signal frane,..such as f.ortgl, ving the
hi ghestsmmépe@rulao%mﬁhmam%ﬁg haiegdae (yme offselitm ResiTvaPl% i%engt h)
are repeatedly correlated at the sane positions in subsequent frames 38.

Qut of ING:i.8&d ﬁ%%ﬂc bRGAIRASI0,t MEIPEC RN édiabitiedess conbbedr 6X
cumul ative matches (1.e. the maxinumsignal strength) is identified as the
| ocation of the PSC si%nal. -8 . ) .

with M SSC signals. The combined signal is modulated by a modulator 62 to carrier

frequency. The modulated signal passes through an isolator 60 and is radiated by an
antenna 58 or, alternately, an antenna array.

The UE 32, receives signals using an antenna 70 or, alternately, an antenna
array. The received signals are passed through an isolator 72 where they are
demodulated by a demodulator 74 to baseband frequency. Durnng step-1 of the cell
search, the PSC matched filter 76 is used by the processor 80 to search through all
the chips of a frame 38 to identify the PSC signal of the base station 30, having the
strongest signal.

One approach for detection of a PSC signal location in a frame is as follows.
A selected number of positions in the received signal frame, such as forty, having the
highest number of accumulated chip matches (i.e. maximum signal strength)}, are
repeatedly correlated at the same positions in subsequent frames 38. Out of the

selected locations, the one having the highest number of cumulative matches (1.e. the

maximum signal strength) is identified as the Jocation of the PSC signal.

|
|
|
|
|
|
| _



0 3 CGEC 2003 For step-2 of the cell search procedure, the base teaia (Woly) fﬁﬁ
‘generates SSC signals, SSCL to SSCM using SSC spread spectru ﬁ@ﬂ -
generators 681 to 68M To reduce the conplexity at the UE 321, a reduced
nunber of SSCs are used. By reducing the SSCs, the nunber of matched
filters required at the. UE 3 Is reduced. Additionally, the reduced SSCs
decreases the %fo%e-@i ﬂfglfgfee%eihﬁ‘if’ég PEQEs e, the base statiegu3&ingeneaates BEr ent

codes. The reduced SSCs al so reduces the probability of incorrect

det ect i onsjghals, SS(dﬁtoQBSID,Q, w@ss%gg&?géd&dfﬁ sidral %é[ﬂﬁl%ré 68 20'68guUTeS

9-15). One approach to reduce the shown i n the flow chart "of Fi gure

6. The nunber of SSCs used, M _is based on the nunber of code groups and
PSCH t i meredyrgthe gemwledty ot th UE 32y, saeduerd numthsr obSIESTare N’Fed-s%t)”ne | og

base two of the maxi num conbi nati on nunber rounded up to the next higher

i nteger, &4@PingGne SSds”théiﬁlHﬁBéxg@ﬁr@gMbh_eB%?arﬁ#ec@%ire%%%ﬁj@?f i¥ réhufdbq PSCH

Tine Slots per “frane) Equation ase statl generat'es, using SSC
signal generators 681 to 68M the SSC signals associated with the base

stati on' sAdgHongyuthanedyasd hifsedeatagesdhet prasessnpresqieees reguiredTioe SSC
signals are conbined with each other as well as the PSC signal by conbiner

63. SUbse&QﬁH%ﬁiXh thd8ifferdRt BEGesS] ?H@'rc&lﬁc%@%aﬁg @Muéé&etheg@%mfeier 0f62,

passed t hrough the i1solator 60 and radi at ant enna

incorrect detection of a code group number and PSCH time slot index (see Figures
9-15).

One approach to reduce the SSCs is shown in the flow chart of Figure 6. The
number of SSCs used, M, is based on the number of code groups and PSCH time
slots used per frame, step 54. The number of SSCs, M, is the log base two of the
maximum combination number rounded up to the next higher integer, step 56, as in

Equation 7.

M = log, (# of Code Groups x # of PSCH Time Slots per frame)

Equation 7

The base station 30, generates, using SSC signal generators 68, to 68y, the SSC
signals associated with the base station's code group and the number of PSCH time
slots per frame. The SSC signals are combined with each other as well as the PSC
signal by combiner 63. Subsequently, the combined signal is modulated by the

modulator 62, passed through the isolator 60 and radiated by the antenna 538, The

9.



-9 0 3 DEC 2003 UE 321 receives the transmtted signal, passes bm%ﬁ@
‘the isolator 72 and denodul ates the received signal using the

74. Using corresponding SSC, to SSCM natched filters 781 to 78M the
processor 80 determines the binary code that SSCs are nodul ated. Based on

the det gfeE):"SledrcEéi%E WheOd8nsrhitedO8iRial SPALEORT ThioRgh HeOIRB1ANd 7854 i e

slot in i the frame is dete.rmned. To illustfate for a system usi ng
32 code groups and two possible tine slots per frame, _such as slots K and
k+8, t hdemedblatesothepienarvpdriigaalnesingdhe demedulater/Ssdising/ corespasiding 1092
64). In such a system the six SSCs are nodulated wth six bits using

bi nary hf | ul gt ' éﬁ% k n anong
t he ZSGS@rtgag %é%%%é%#ggl%{?%t%“ ?ﬁe&ﬁgggﬁggj&%& ri fgiﬂze gen at ed
sequentially, such as by Equations 8 and 9. Ho = (1) Equation 8 H -, H,
H =, todezhat SS€s ane modplatedzqBasedromothe getermngdbinanteodeckhe basg , where
nis the code group nunber associated with a SSC is produced using

Tan ) S BuatBys e o Uhd PSCROBMR A6t IRieh! thr cfdirafleSis dedlhnified 240 40 56
illustrate for a system using 32 code groups and two possible time slots per frame,
such as slots K and K+8, the number of binary bits needed to modulate SSCs, M, 1s
six (log, 64). In such a system, the six SSCs are modulated with six bits using binary
phase shift keying (BPSK) modulation. The six SSCs are chosen among the 256

rows of Hadamarak matrix, Hg;. The Hadamarak matrix 1s generated sequentially,

such as by Equations 8 and 9.

Hy=(1) Equation 8
H = iy yt=1,..8 . Eguation 9
Hi-t Hio

A particular code, C, (1}, where n is the code group number associated with a
SSC is produced using Equation 10. The six rows of Hadamarak matrix, Hy, are
r(k) = [24, 40, 56, 104, 120, 136].

Cy.(1) =b,n X hy, (1) x y(3), wherei=0,1, .,255and k=1, .., 6

Equation 10

-10-
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Ck,,€i) =bk,n x h,(k)(i) x y(i), wherei =0, 1, ..., 255 andﬁazJEl,p,zﬂaa,
6 Equation 10 -10 0 3 DEC, 2003 The value of b2 to b6 are depi te(lj-J N :
Table 1. Code Group (n)b6..bs,nb4,,b3,b2. n 1+1+1+1+1+1 2+1+1+1+1-1

3+1+1+1-1+1 32-1-1-1-1-1 Table 1 The value of bl"

is depicted in Table 2.

PSCH tine.slot order in the franebl, K where K=0...,7+1 K+ S-1 Table 2
Each code r"ra@?p‘i’yﬁ?hsmt %ﬁéemd@éﬁgbkd-ssca. To distinguish the
differing base stations' SSC signals from one another, each of the base
stations’ Egie?}gnal&ghdis the [same offsel afp its PSC &ﬂal. At the UE
321, the 4teAOUHURHR ¢elPonsedr Poapr pcddurel ®ise.| cdde group nunber and
PSCH sl ot |or der (fet ecti ¢n) @ls perfi)rmad as tpllaows.
+ + +1 +1 +1
2 +1 +1 +1 +1 -1
3 +1 +1 +1 -1 +1
32 -1 -1 -1 -1 -1
Table 1
The value of b, , is depicted in Table 2.
PSCH time slot order in the frame |b,,
K, where K=0,...,7 +1
K+8 -1
Table 2

Each code corresponds to one SSC, SSC, to SSC,. To distinguish the differing base

stations' SSC signals from one another, each of the base stations' SSC signals has the

same offset as its PSC signal. At the UE 32,, the step-2 of the cell search procedure

(1.e. code group number and PSCH slot order detection) is performed as follows.

The received baseband signal is first correlated with C, as per Equation 4 to obtain

phase reference. This correlation is performed by PSC matched filter 76 in Figure

5. The phase reference is obtained by normalizing the correlation value obtained at

the output of the PSC matched filter 76. The received baseband signal is also
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_The recei ved baseband signal is first correlated with as {f

to obtain phase reference. This correlation is perfor(rr:eE)d byIOI%rSé]:E&]nnL['f{:%:Jhggu34
filter 76 in Figure S. The phase reference is obtained by nornalizing the

correl ation value obtained at the output of the PSC matched filter 76. The
recei veghRasrdanith< ynaCeiss pet Equativond Brombtaindsnayrdatd hectepigsent die, . . C6

as per Equation 10 to obtain binary data that represent the code g1roup1of

t he base station 301 apd PSCH sl ar | [ or ti [
per f or neeRbErER: Ghaihien B Siions s andaun L G, sraegth (8 EameR TRS! 07, 7
outputs are derotated before BPSK denpdul ati on. The derotation is

per f or NegrbNM6ANTR! pErfoEhed My 680 amtcHed fidtecoB|-RycionFigpneeSof Thage pha
reference. The derotated SSC matched filter out putrg ar}eT BPSK denodul gt egfa

The BPSK denpdul ation is pgrfo d.b I k0 o} - par

] _ t of
the der Brajghed H@COH@P&%%T& ‘ﬁf?tﬁ%?%ﬁggﬁ;@eéb@e%ﬁ%] TF%’ Ialt‘é ﬁ({etgﬁg% part of
the derotated SSC matched filter output is greater than zero, it is

dermodul gEﬁ@nﬁéd By ¢Anhslewi smltiplication o nivel wompldx awonjugataief thempdasat ed
bi nary data represents the code group of the base station 301 and the PSCH

FeSpect Fefergicord 1B dB O oo OB R b el PRSI d A The o
the derotated outputs of the SSC matched filter s 781-78M over a nunber of
the PSCRBpSKEIeshcrlation iy patorhmd bya heiddimitetion tie wakpases thedsrotged ode
groups and two possible PSCH tinme slots,

SSC matched filter outputs. As aresult, if the real part of the derotated SSC matched

filter output is greater than zero, it is demodulated as +1. Otherwise, it is

demodulated as -1. The demodulated binary data represents the code group of the

base station 30, and the PSCH time slot order in the frame as depicted in Table 1

and Table 2, respectively. To ease detection of the six SSCs, the UE 32,

accumulates the derotated outputs of the SSC matched filters 78,-78 over a number

of the PSCH time slots, such as four or eight.

Using six SSCs, for 32 code groups and two possible PSCH time slots,
requires 653 real additions and 28 real multiplications at the UE 32, to identify the
code group/PSCH time slot index. For the decision, no additions: or multiplications
are required. Accordingly, reducing the number of transmitted SSCs in the PSCH
time slot reduces the processing at the UE 32,.

Alternately, to reduce the number of SSCs even further quadrature phase shift
keying (QPSK) modulation is used. To reduce the SSC number, each SSC signal is

sent on either an In-phase (I) or Quadrature (Q) component of the PSCH. One extra
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Jrequires 653 real additions and 28 real nultiplications at the BJI% @2.:5 gwa
identify the code group/PSCH time slot index. For the decision,

additions or nmultiplications are required. Accordingly, reducing the
nunber of transmtted SSCs in the PSCH ti rre sl ot reduces the processjng at
the UE 321. rnat el ta .reduce fhe n of SSCs even further

quadr at ur “p‘ﬁ‘a‘iagaé?ﬁoﬂa&{é@é'?ﬁhﬁl egﬂg]ggt,hﬁ Lﬂr i GENEs1REd tordisiagush thee SSC

nunber, each SSC signal is sent on either an In-phase () or Quadrature

(Q conporedt gobu/RECPSGhe Sloes. exlrArestil, hednt?BEB 0PSSO, Mat fesAchwt ed
wi th either usmg the | or Qcarrier is used to di stingui'sh’ the code

gr oupl PS result, the nunber of SSCs, M required by
Equat i on q %é&%@dwe%ﬁe Oor jnstance, to distinguish 32 code groups
and two possible PSCH tine slots, five SSCs (M= 5) are required. The code

groups are di vimms;andeadofdiitmgi@smmgréuﬁs@lﬂmcpﬁ@lelmemlﬁéﬁm Wen
the SSCs are transmtted on the |I carrier, restricts the code groups to

t he | ower haI sll) n enthe SS nsmtted on the
Qcarri er Eﬁffﬁﬁf’ gé 8 3?‘8 € ZHORpRAG SR qqiaanha(l (ﬁﬂ’@e gPBRps

17-32). The f|ve SSCs di Stl ngui sh between the remaining sixteen possible

code groudsl@add tcode possphl B-3RFCHWhénmthes§ OCS ard usnbpiitéd od thadecatiss,ijpn 30,
and UE 32, using QPSK m)dul atlon are shown in Figure 7. The base st'ati on

30, gener %&ﬁcttsrfﬁe R ¢ SlemeTws 1HAS cfag{odpssl igfjand when the SSCs are

transmitted on the Q carrier, it restricts the code groups to the upper half (code
groups 17-32). The five SSCs distinguish between the remaining sixteen possible
code groups and two possible PSCH time slots.

A simplified base station 30, and UE 32, using QPSK modulation are shown
in Figure 7. The base station 30, generates the appropriate SSC signals for its code
group and PSCH time slot using the SSC spread spectrum signal generators 68, to
68,4. Alsobased on the base station's code group/PSCH time slotindex, switches 90,
to 90y, either switch the outputs of the generators 68, to 68, to an I combiner 86 or
a Q combiner 83. The combined I signal which includes the PSC signal is
modulated by an I modulator 82 prior to transmission. The combined Q signal is
modulated by a Q modulator 84 prior to transmission. One approach to produce the
Q carrier for modulating the signal is to delay the I carrier by ninety degrees by a
delay device 98. The UE 32, demodulates the received signals with both an I
demodulator 92 and a Q demodulator 94. Si.milar to the base station 30,, the UE 32,

may produce a Q carrier for demodulation using a delay device 96. Obtaining binary
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group and PSCH tinme slot using the SSC spread spectrum signal gﬁrgarﬁtcorzgqg
68, to 68,,,. Also based on the base station's code group/PSCHt1nme sl o
i ndex, switches 90, to 90,,, either switch the outputs of the generators.
68, to 68, to an | conbiner 86 or a Q conbiner 88. The conbined | signal

whi ch i ﬂﬁ!a%ﬁ&ﬁﬁgﬁ@%ﬁ@?ﬁgg} %ﬂg?h&sﬁlallﬂgfjmcait@@b&y pk aHBPEEHAmMSdoPr i OF tO

transm ssion gna nodul at ed by a Q nodul at or 84 prior
to transm ssion. One approach to produce the trl('.\T)écarri er for nodul ating the
si gnal iisdexds tet sayne asapplygag BPSK domernatipnqyiied anghQ sompongptsqiihe e os.

The UE 32, denodul ates the received signals with both an | denodul ator 92

and a Q : . Si.n | t t|s0 may
pr oducer(g&?}P %Hla!rﬂ an r%é?a?g??ﬁdg?]gtlﬁgh&ﬁlg?ﬁg%&d%lmégadfeig}il%g; %gs% gP%i ng
binary -13 0 3 DEC 2003 data representing the |ower or higher half of the
16 code pyocaspar Sthtb d2Earing mbetiesany SSdesighalstwirre sapeomthedfiampporemrEk
denodul ation on the | and Q conponents of the received signal

0o albeFRGH Ardsolbf SR ecer g APingd k0N BY SR qRAubAA L, Tl o0 ="

the PSCH. A decision variable, Id, is obtained such as by using Equation
11. ldvaz = Ilrx,| + 1rx21 + ... + lrxm Equation 11 Irxil is the nmagnitude
of the real conponent (I conponent) of the i "h SSC matched filter output.

Li kewi se, th Q‘”ﬁ%ﬁhﬁﬁ@f‘%l tgg&dﬁwl to 102M are used by t@}tuaq;&pffsor 80
SC s

t o det er m ne “fret als were sent on the Q conpbnent

Irx;} is the magnitude of the real component (I component) of the i" SSC
matched filter output. Likewise, the Q matched filters 102, to 102, are used by the
processor 80 to determine whether any SSC signals were sent on the Q component

of the PSCH. A decision variable, Q,,,., 1s obtained such as by using Equation 12.
Qavar = fix] + [ixg] + ...+ fixyl Equation 12

lix) is the magnitude of the imaginary (Q component) of the i SSC matched filter
outputs.
If 1, is greater than Q. the SSC signals were transmitted on the I component.
Otherwise, the SSC signals were transmitted on the Q component.

Another approach using QPSK modulation to reduce the number of SSC
signals transmitted is depicted in Figure 8. Instead of transmitting the number of
SSCs of Figure 7, the number of SSCs, M, representing the code group number and
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of the PSCH. A decision variable, Qlvar, is obtained such as by U‘fll}'@
‘Equation 12. Qdvar = 11Xi1 + 11x21 + ... + 11XM Equation 12 Ii>g; IZH@
magni tude of the imginary (Q conmponent) of the i' SSC matched filter
outputs. If Idvaz is greater than Qdvar+ the SSC signals were transmtted

on the | onent .O,herwi se, the SSC signals re transmtted on the Q
conponent! SGHARE S19 JBRERATTGECRE Poraie. bar P oHe poe e bacok meommvser of
SSC signals transmitted is depicted in Figure 8. Instead of transmitting

the nunbery miducti§hedB SCegwe sdts dftiel §8TRIe AUseESPor iMtah€PLERE M Afllet he
code group nunber and -14 0 3 OEC 1003 PSCH tine slot index iS reduced by

one. To regain the one l.pstodii, of informatio yr cing the SSCs, two
cets of irasetand B BEsiBRRS Hefmpelbb g S b s S§tou passizaediathe
possi ble PSCH tine slots, one set, SSC' to SSCl4, is assigned to the |ower

code gr oupsier sodhgampsosiectpasasiie groups 1o 18Ngnd IR s8e6RMeersSEC, 8GR, 0
SSC24, is assigned to the upper code groups, such as code groups 17"t o 32.

rostri ot & ERusnER yR TR QR Yo ubh ks Godegmpees | 44k Aec Hertheletse

groups to 9 to 16. Likew se, for the upper code group, in phase SSC21 to
SSC24 r estodeg@rsup,eendogeS§CoUpPsSIC),loh the I24ndadeQrisEGhetcdde $H6Rk thasbr i ct's

the code groups to 25 to 32. As a result, the maxi num nunber of

8. The Q carrier restricts the code groups to 9 to 16. Likewise, for the upper code
group, in phase SSC,, to SSC,, restricts the code groups to 17 to 24 and Q SSC,, to
SSC,, restricts the code groups to 25 to 32. As a result, the maximum number of
SSCs transmitted at one time is reduced by one. By reducing the number of SSCs,
the interference between SSC signals is reduced. Reduced interference between
SSCs allows higher transmission power levels for each SSC signal easing detection
at the UE 32,.

A simplified base station 30, and UE 32, implementing the reduced SSC
approach is shown in Figure 8. At the base station 30,, two sets of M SSC spread
spectrum signal generators 104;, to 104, generate the SSC signals corresponding
to the base station's code group and PSC time slot. The corresponding SSC signals
are switched using switches 106,, to 106, to either an I 82 or Q modulator 84 as
appropriate for that base station's code group and PSCH time slot. At the UE 32,

an I set of matched filters 108, to 108, is used to determine if any of the SSCs were

sent on the I carrier. A Q set of matched filters 110,, to 110,,, is used to determine
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SSCs' transmtted at one tinme is reduced by one. By reducing the I’jUfﬁlée,l’ ﬁbf
SSCs, the interference between SSC signals is reduced. Reducedn {2003
interference between SSCs allows higher transm ssion power |evels for each
SSC signal easing detection at the UE 321 A sinplified base station 301
and UE j33iy offphe B8 Wsiwgretdaat oadhe €cB6€r. Byricoating the staawnitied [FiguQe S. At
the base station 301, two sets of M SSC spread spectrum signal generators
1041, t 042, gener at e _SSC signal s cortespondi n . base

stat] orSSCodferErGa ARG D Be St R R S B Bk s are
swi tched using switches 1061, to 1062Mto either an 182 or Q nodul ator 84

as appropri@he dpproadiato dasgnshate which opde grdrugraupd #30Wd bossisleot . At
the UE 321, an | 'set of matched filters 1081, to 1082Q is used to

determ 1f .any .of the Cs were sent t | cafpier,, A Q set-,of
at ohodPSCH B 59511 T aTOME Pese,SEH0R o audPHpnchlteE s BroReEohals i ¢ any
of the SSCs were sent on the Qcarrier. By detecting the transmtted | and

Q SSCsacchifhlfed®is FrorBmgehed ilngs 1liog pﬁse%; gid o6ds gragesdy eiderand PSCH
time slot. One approach to determ ning whi ch of 32 code groups and two

possi bl e PS ime s S | ed by the base station 32..follqgws. After
the proeeSsdP 1 1!&9(.%5@&{’& C%r“iﬂﬁl% Bﬁ’é‘&ﬁg\’?ﬁ?gs !ﬂ@ﬁqllgo 11024, the
code group set, either SSC' to SSCl14 or SSC21 to SSC24, is determ ned

using Equations 13 and 14. var_set 1 =1r XIII + 1i x3,1 +...+ jr x3.1 +
i x1.1
var_setl = II’ an + |l Xn| +...+ |1’ an + ll Xul Equation 13
var_set2 = Ir x:|| + |i x:z] +..+ |r Xza] + Ii X2 Equation 14

The values, rx,, to rX,,, are the number of accumulated matches for arespective SSC,
SSC,, to SSC,,, received in the I channel. Similarly, ix,; to 1X,, are the number of
accumulated matches for the Q channel for SSC,, to SSC,,. Equations 13 and 14
require a total of 16 real additions. var_set 1 represents the total accumulations of
the first SSC set, SSC,, to SSC,,. var_set 2 represents the total accumulations of the
second SSC set, SSC,, to SSC,,. The processor 80 compares var_set 1 to var_set 2
and the larger of the two variables is presumed to be the SSC set transmitted by the
base station 32,.

To determine whether the SSCs were transmitted on the 1 or Q channel,

Equations 15 and 16 are used.
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Equation 13 var_ set 2 = Ir x311 + 11 x3,1 +. ..+ Ir x2.] + Ii beiﬁghu%h
14 The values, rxl, to rx24, are the nunber of accunul at ed matc

respective SSC, SSCl1 to SSC24, received in the | channel. Simlarly, ix, 1
to i x24 are the nunber of accunul ated matches for the Q channel for SSC, ,
to SSC24. Equation 131 and 14 require a total of 16 real additions.
var_set 1 repre‘é"’én?s“thé“h'bt & |féc unul ations of the first SEgusdion E5C11
to SSCl4. var_set 2 represents the total accunulations of the second SSC
set, SSC,1 to SSCZ,. The processor 80 conpares var_set 1 to var_set 2 and

the larger of thg Qv Vikilabledii,g presunmed to be the SSC segqfAfpHmM &t ed
by the base station 3% PITo dite m ne whether the SSCs were t ansmt%ed on

the I or Q channel, Equations 15 and 16 are used. -16 0 3 OE1l 2003 var_ |
=1lr x,LI +...+1Ir X, _ Equation 15 var_ Q=ji xpil +. ..+ 1i x,,I
Equation 16 If var_set 1 is selected as being larger than var_set 2, the
value of p is one. Conversely, if var__set 2 is larger, the value of pis
two. var_lIfiariset Jaccuelectededs bemgidargbothdatheasabe] ele saluonft hdslomarri er
and var_Q is the accunul ated val ues on the Q carrier. The larger of the

10 e Rk 2 g, SRS 8 ' oo S e
values for the selected set on the I carrier and var_Q is the accumulated values on the
Q carrier. The larger of the two variables, var_I and var_Q, is presumed to be the
channel that the selected set was transmitted over. By ordering the additions in
Equations 13 and 14, the values of var_I and var_Q can be determined
simultaneously with var_set 1 and var_set 2. Accordingly, determining whether the
Lor Q carrier was used requires no additional additions. As a result, using QPSK
modulation and two SSC sets requires 803 real additions and 36 real multiplications
in each time slot and 16 real additions for the decision.

Figures 9 to 15 are graphs illustrating the performance for distinguishing 32
code groups/two PSCH time slots of systems using 32 SSCs 128, 17 SSCs 124 and
6 S5Cs 126. The graphs show the performance for various simulated channel
conditions. The simulations accumulated the SSC matches at the UE 32, over four.
or eight PSCH time slots and compared the probability of an incorrect
synchronization to the channel's signal to noise ratio (SNR) in decibels.

The Figure 9 simulation uses an additive white gaussian noise (AWGN)

channel and accumulation over eight PSCH time slots. The Figure 10 simulation
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Equations 13 and 14, the values of var_| and var_Q can be deter;&'ge‘g@:
simul taneously with var_set 1 and var set 2. Accordingly, deter i 2003
whether the | or Qcarrier was used requires no additional additions. As a
result, using QPSK nodul ation and two SSC sets requires 803 real additions
and 36 ggaly ﬁugté phthCRAYIeTH faidingeakiniiel rwitls laosix dtibteftzr Gdlz)alddgndmrys f or
the decision. Figures 9 to 15 are graphs illustrating the performance for

di stingujishing 32 code groups/ SCH ti me.sl gt.s_of St usi 32 SSCs
e | 1 9Gkarhand aacumuladignduettops B SO B e Tk dugnfe 1 L Einiihgh i i,
vari ous sinmul ated channel conditions. The sinulations accunmul ated the SSC

mat chesgahe hhghdEigidt Y similetién ex&ptahgicchptatiomwasloots efgid R3OHar ed t he
probabl?l ty of an incorrect synchronization. to the channel’'s signal to

noise ratio (SNR) in decibels, The Fig 9, si myl at,i on uses. an, addi.tive
Whi te gamesiain har BEUTRIRTUiaHaRNaes hil A EREAR LR BRIIEA B0 t 1 e
slots. The Figure 10 sinulation -17 0 3 DEC 2003 uses a single path

Rayl ei gh (fRdhngnGhH OWIGiE')n?et&is@elfiHo%Pgﬁféth)(%erhcémﬁlﬁmaaﬁ)bve@fﬁgm and

ﬁ%@?'l , \ :
accurul at1on bver four PSCH time slots. igure 11 sinulation is the

same as _the Figure 10 si .ation_except .the accu ti.on S..over eight

P50 't PRETASNS siothe Tag SN 13, NERAEGN eEatan ¢ TG AREN U PEE (i ee

mul tipaths with a UE 32, noving at 100 Kiloneters per hour (km'h) and

accunul ﬂ{dlﬁﬁatﬁgﬁapﬁggm kil BIRGH. (KD fdqRiesicy difeedrgla UELR shovimt at@0uses an
W ee

| TU channe
kmv/h with accumulation over eight PSCH time slots. The Figure 14 simulation vses
a single path Rayleigh channel having 10 kHz frequency offset with accumulation
over eight PSCH time slots. The Figure 15 simulation uses an ITU channel with
three multipaths having 10 kHz frequency offset and the UE 32, moving at 500 km/h
with accumulation over eight PSCH time slots.

Under the simulated conditions of Figures 14 and 15, 6 SSCs 128
outperforms the other techniques 124, 126. Asshown in Figures 9 to 13, 6 SSCs
128 performs favorably in comparison to the other techniques 124, 126.

Figure 16 is a graph of the simulated performance of 6 SSCs 114 using
BPSK and the two sets of 4 SSCs 112 using QPSK modulation. The simulation used
an eight PSCH time slot accumulation of the matches for each SSC and transmission
over an AWGN channel. As shown, two set QPSK modulation 112 outperformed
6 SSC BPSK modulation 114.

Figure 17 illustrates the performance of BPSK and two set QPSK modulation

accumulating matches over four and eight PSCH time slots. The SSCs were
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mul t4 pat hs having six kilohertz (kHz) frequency offset and a UE %2',nuﬁhgg
‘at 500 kmh with accunul ati on over eight PSCH tine slots. The &igDEE ,
sinmul ation uses a single path Rayl eigh channel having 10 kHz frequency

of fset wwth accunul ation over eight PSCH tinme slots. The Figure 15

si mul ati on. us n,TU channel with three tipaths having 10 kHz

f requency QW@Z‘?&Q PE e EaRgERed Qysy S El¢ PY %ﬁlﬂﬂth Cihaflﬂela cHomaneaierover

eight PSCH tinme slots. Under the sinulated conditions of Figures 14 and 15,

6 SSCs 12&otlonicuatdtianschehes diipesvéeihi MdesodA4imd 2ot cOFreBHIRNR. Twdigur es
9 to 13, 6 SSCs 128 perforns favorably in conparison to the other

t echni que , 126. .Fiqure 16| raph of _the siml ated perfornmance of 6
SSc 114 S S meBlarign or faot RSTIE dhERlos gl siath Bk i sl asi on.
The sinulation used an eight PSCH tine slot accumul ati on of the nmatches
for each S%fpafumsBRSK medentionor f@\ﬁlﬁg@lﬁﬂ@%@ﬂs-llﬁ%nﬂhﬂgﬁh Pﬁgﬂ $ek QPSK
nodul ation 112 outperforned 6 SSC BPSK nodul ation 114. Figlre 1

illustrate tﬁg performance of BPSK and two set QPSK nodul ati on
accunulatﬁﬁﬁs gdﬁ%@??%ﬂ§&“four and ei ght PSCH tine slots. The SSCs were -18
0 3 DEC 2003 , sinulated as being transmtted over a single path Rayleigh
channel . Performance for both nodul ati on schenes i nproves wxt h additi onal

tine slot correlations. Two set QPSK nodul ation for four PSCH tine slots
116 and eight PSCH tine slots 120
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out perforns BPSK nodul ation for four PSCH tine slots 118 and ei@gtpEEQHpa
time slots 122, respectively. = 0 3 DEC 2003 CLAIMS What is ctai \
1. A nethod for a user equipnment (32) to synchronize both timng and a
code group assigned to a base station (30) in a tinme division duplex code
division nultiple access communi cati on system the system comunicating
using tinme slots in repeating fCRAEMIS t he assi gned code group being one
out of a predeterm ned nunber N of possible code groups, the nethod

conpr ixsA.ng. . Ltting fromthe base station (30) a primary code
synchr‘gh?giﬁtcli%%{égir%nal in a selected tine slot in a primary code

synchroni zati on channel (46), the primary code synchroni zation channel
usi ng a pl dral i tymsthadorrruseeequip@mest G2 tg simchermizmbetttinging andcei vi ng at
the wuser equipnent (32) the primary code synchronization signal; and tine

synchrgk %l edSiBra BAEI SBATRIN (30 i a Ak @R/ M6A dublEx b defdiliigoPr | mary
code s@ﬁ%%@% %éasgghon sai gnals; the(3\r(rw)et hgd characteri ged by: z;ssoci ating each

S1 ot s AR e ACEFCRRTBLHGAHAN SO S DEQySALF Oy RicalbR sine R Sofnal s 1 rom
a set of secondary synchronization signals which does not exceed(1092N) + 1
i n nurkeepddihg Brfjres, the assigned code group being one out of a predetermined
number N of possible code groups, the method comprising: transmitting from the
base station (30) a primary code synchronization signal in a selected time slot in a
primary code synchronization channel (46), the primary code synchronization
channel using a plurality of the frame time slots for communication; receiving at the
user equipment (32) the primary code synchronization signal; and time synchronizing
the user equipment with a received timing of the primary code synchronization
signal; the method characterized by:
associating each combination of said N code groups and said plurality of the
frame time slots with a unique combination of secondary synchronization signals
from a set of secondary synchronization signals which does not exceed (log; N) + 1
in number (54, 56);
transmitting from the base station (30) selected secondary synchronization
signals out of said set of secondary synchronization signals; corresponding to the

unique combination of secondary synchronization signals associated with the

assigned code group and the selected time slot (48);
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transmtting fromthe base station (30) selected secondary synchronization

signal s out of said set of secondary synchronization signals; ccﬁBe@E@q‘muyg

to the unique conbination of secondary synchronization si gnal s assocl at ed
with the assigned code group and the selected tine slot (48); -20 0 3 GEC
2003 receiving and identifying at the user equipnment (32) the transmtted

sel ect ed ?&%Mﬂ?ﬁﬂd feneifyiaBiaf Hel \3Br 84 PAeat (Fthe &ﬁﬂsrﬁﬁ%‘ﬂ%e% tddhe

identified selected secondary synchroni zation signals termning the
base statr on's assi gned code ?Q@ﬁ J;d the selected tine slot (52). 2. The
met ho8econdarysyee BrSighal Zed by each of a plurality of base

stations (30) transmt a primary code synchronization signal and the user

equi prent base amcuhwl hlensfieli pelovted hescondary asyiRhrotipdtion ofighdlgnes to
det erm ne whrch of the pl uralrty of base stations (30) to comrunr cate. 3.

The hod of m 2 further rize f frames is
fortyde 5% StpriSbis rig B P4 o Brrntbe spieoledt P SRE (S Bhnern 1t e
secondary synchroni zation signals are nodul ated with b| nary data. 5. The

met hod of claim4 further characterized by the nodul ated binary data
identifies the base station's code group. 6. The nethod of claiml further

characteriged byyl Bedid 95Ot § Further characterized by each of a plurality of
base stations (30) transmit a primary code synchronization signal and the user
equipment (32) accumulates chip matches over a set number of frames to determine

which of the plurality of base stations (30) to communicate.

3. The method of claim 2 further characterized by the set number of

frames is forty.

4. The method of claim 1 further characterized by the transmitted

secondary synchronization signals are modulated with binary data.

5. The method of claim 4 further characterized by the modulated binary

data identifies the base station's code group.

6. The method of claim [ further characterized by the transmitted
secondary signals are selectively transmitted using an in-phase or quadrature phase

carrier.
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secondary signals are selectively transmtted using an in-phase anD e 2003
quadrature phase <carrier. -21 0 3 DEC 2003 7. The nethod of clg' f
further characterized by correlating the primary code synchronization
signal with the transmtted secondary signals to obtain phase reference.

8. The nmethod of claim7 further characterized by the prinmary code
synchroni z3t i onThe gueshod ef ¢laim hferthericbaragterized by gorrelatimpghapnumaty of claim 7
further characterlzed by derotating the received secondary signals based on

the pr, B&?%&I{:}P ﬁwgg ﬂ?‘u&ﬁﬁ}%d@@@&ﬁhﬁf&?hﬂ@%@ﬂﬂn hhg net hod of

claim er c arac eriz filteri receiv d secondary
signal s and accumul ating results of the match fllterl ng over a set nunber
of fragferencel. A wireless tine division duplex code division multiple
access conmunication systemusing tinme slots in repeating frames, a base
station (30) having an assigned code group out of a predeterm ned nunber N
of possi bl e code groups the system having the base station (30) and a

For t ransnbt i nyba e o a7 Syt b B SREPTEY «Bftcicu cime

slot in a primary code synchronization channel, the primary code
synchgpmnibranizathor signalkis nos mugludated et daty. of the frame tinme

9. The method of claim 7 further characterized by derotating the received

secondary signals based on the primary code synchronization signal phase reference.

10. The method of claim 9 further characterized by match filtering the
received secondary signals and accumulating results of the match filtering over a set

number of frames.

11. A wireless time division duplex code division multiple access
communication system using time slots in repeating frames, a base station (30)
having an assigned code group out of a predetermined number N of possible code
groups, the system having the base station (30) and a user equipment (32), the base
station (30) having means (66, 62, 60, 58) for transmitting a primary code
synchronization signal in a selected time slot in a primary code synchronization
channel, the primary code synchronization channel using a plurality of the frame time

slots for communication, the user equipment (32) having means (70, 72, 74, 76) for
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slots for comunication, the user equipnent (32) having nmeans (I’O%rﬁé ﬁ@
76) for -22 0 3 DEC 2003 receiving the primary code synchroni zati 1&

and nmeans (80) for tine synchronization with a received timng of the
primary code synchronization signal, the systemcharacterized by: the base
station (30) further conprising: nmeans (68, 90, 104) for associating each

conbi pat i S EHB m.m? g%.g]pe{ﬂ%é ot fs tingme tine
sl ot sre%%{‘ﬁﬂ%q‘hﬁi@be o;c%gﬁa%%n 0 Zﬁs@c% ary si gnaaltn)sé r(;m a set of
secondary signals which does not exceed, (| o0g2 + | in nunber; and nmeans
(68, s@chemizann weh ageceived jiming of fherRMMALY GRyleSyRErPRIZAtONFEnal,
associated with the base stations assigned code group and selected tine

sl ot; S%ggéﬁ‘{ra@tgﬂgmﬁt (32) further conprising: neans (70, 72, 74, 78,
100, ) , 110) for Tteceiving and identifying the transmtted sel ected

secondary synchronizatiqn_.signals; and neans (80) for determning the base
station's M%ﬁé@“@&éé8bf'gﬁ%rgﬁgipr{s%'sel ected tinme slot, based on the

identified sel ected secondary synchroni zation signals. 12. The system of
clai m 1l furthemeaha(Gs; 901 | G4)xFobysddeetingmach icombamation afesaid Ny¢adg neans (70,
72, 74, 78, 100, 102, 108, 110) conprises a plurality of
groups and said plurality of the frame time slots with a unique combination of
secondary signals from a set of secondary signals which does not exceed (log,N) +
1 in number; and
means (68, 63, 62, 60, 58, 90, 104) for transmitting secondary signals
associated with the base stations assigned code group and selected time slot; and
a user equipment (32) further comprising:
means (70, 72, 74, 78, 100, 102, 108, 110) for receiving and
identifying the transmitted selected secondary synchronization signals; and
means (80) for determining the base station's assigned code group and

the selected time slot, based on the identified selected secondary synchronization

signals.

12.  The system of claim 11 further characterized by the receiving and
identifying means (70, 72, 74, 78, 100, 102, 108, 110) comprises a plurality of
matched filters (78), at least one matched filter (78) is matched to each secondary

synchronization signal out of the set of secondary synchronization signals.
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matched filters (78), at |east one matched filter (78) is thheﬁj3tBEE%3
secondary synchronization signal out of the set of secondary

synchroni zation signals. 0 3 DEC 2003 13. The systemof claim 12 further
characterized by the secondary signals are transmtted either on an

i n-phase or quadrature phase carrier and the plurality of matched filters

havi ng an j3- phpgesyaivn of cluadratfurtRendiasaerited taatht istecardatyifignali 02, 108,
110) for each secondary signal out of the set of secondary signals. 14. The

systemof claim 11 further ch ' i.afl i s (68)
assoc?"ﬁt“@QS%“a%‘g]I)eé Eantaflﬂ’é'pilfag{&Fif{dﬁéﬁ%@ﬁ%é%ﬁ%ﬁﬁﬁh%ﬂg? ?gnbi nation
of secondary signals. 15. The systemof claim 11 further characterized by
t he basthed filiecsrhdv30] an irs-pbase anfl asquadeature phase masehad fiten(188s1930) , each
base station (30) transmts a primary code synchronization signal and the

user IR R dadR)seloldab §ighQIBNI TiERS sERARBcoddB) sfglalaccumul ating chi p

mat ches’ove of frames to determne Which of the plurality of
base stations to communicate. 16. The system of claim 15 further
characterized by the set nunber of frames is forty. 17. The systemof claim
11 further characterized by the transm.tted secondary synchronization

signal s arﬁ4.59|’Pl‘iéQg\éﬁirﬂofﬂaﬂﬁlﬁltfﬁl&lﬁbnmmtmmtirbyph(amaoiatingmat ure phase
carrier. 0 3 DEC 2003
(68) associates a selected time slot in the frames with the unique combination of

secondary signals.

15. The system of claim 11 further characterized by the base station (30)
is one of a plurality of base stations (30), each base station (30) transmits a primary
code synchronization signal and the user equipment (32) further comprising means

(80) for accumulating chip matches over a set number of frames to determine which

of the plurality of base stations to communicate.

16. The system of claim 15 further characterized by the set number of

frames is forty.

17. The system of claim 11 further characterized by the transmitted
secondary synchronization signals are selectively transmitted using an in-phase or

quadrature phase carrier.
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18. The systemof claim 11 further characterized by the user eqﬂid?orﬂﬁtt 2003
(32) further conprises neans (80) for correlating the primary cbde
synchroni zation signal with the transmtted secondary synchroni zation
signals to obtain phase reference. 19. The system of claim 18 further
characterized by the primary code synchroni zation signal is not nodul ated
with data.120. Thesgstameh ddinelldiforthér ¢haradterizehby sivd esdrzepifppenthe user
equi pnent (32) further conprises neans for derotating the received

7ot or D Suthe DeiprtdS RibaRP (0 Pc Pofr RN Ry B U AR et 21 D07

equi prent  further conprises neans (78, 100, 102, 108, 110) for matched
filtesigngl whith thec éjansanttase seqodayy syaghapaizatien mignals (8Mbteisr phdscumul at i ng
results of the match filtering over a set nunber of franes.

reference.

19. The system of claim 18 further characterized by the primary code

synchronization signal is not modulated with data.

20. The system of claim 18 further characterized by the user equipment
(32) further comprises means for derotating the received secondary signals based on

the primary code synchronization signal phase reference.

21.  The system of claim 20 further characterized by the user equipment
further comprises means (78, 100, 102, 108, 110) for matched filtering the received

secondary signals and means (80) for accumulating results of the match filtering over

a set number of frames.
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