CELL SEARCH PROCEDURE FOR TIME DI VI SI ON DUPLEX COVMUNI CATI ON SYSTEMS USI NG
CODE DI VI SI ON MULTI PLE ACCESS BACKGROUND This invention generally rel ates
to spread spectrum Tine Division Duplex (TDD) conmunication systens using
Code Division Multiple Access (CDMA). More particularly, the present

I nvention relates to cell search procedure of User Equipnent (UE) within
TDD/ CDVA conmuni cati on systens. Figure 1 depicts a wireless spread spectrum
TDD/ CDVA comruni cation system The systemhas a plurality of base stations
30, to 30,. Each WEEERIsSEARMHIROCEIURE EOF0E I¥ESIO84, to 34, and

conmmuni cates w W~ Il 34,. In
addition to con&ﬁégﬁﬁmmﬁéaﬁgﬂgﬁ&t (E‘rr?ge TDD/ CDIVA
systens carry nultiple conmWISERONONSIIOVEFLEMCGCERE spectrum The multiple
signals are distinguished by their respective code sequences (codes). Al so,

to nore efficiently use the spectrum TDD/ CDVA systens as illustrated in
Figure 2 use repeating franes 3ACKIGROUNDO a nunber of tinme slots 36,
to 36,,,, such as sixteen tinme slots 0 to 15. In such systens

comuni cation_is sent in selected tine slot

3 6"
codes. Accor dilhgp ynveHEoT geharally relates éﬁéﬁf@dgﬁpecgﬁm ;P‘HE] ﬁglbig]p?ex

communi cati ons di stingui shed by both tinme slot 36, to 36,, and code.
(TDD) communication systems using Code Division Multiple Access (CDMA).

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 seqilences (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 1s capable of
carrying multiple communications distinguished by both time slot 36, to 36, and

code.



-1 For a UE 321 to communicate with a base station 30,, tine and code.
synchroni zation is required. Figure 3 is a flow chart of the cell search
and synchronization process. Initially, the UE 321 nust determ ne which
base station 301 to 307 and cell 341 to 34, to comunicate. In a TDD/ CDVA
system all the base stations 301 to 307 are tine synchronized within a
base station donst &FE Flyrto symoiunocdte avitbna wiash dB808230,t dit2, andeaote base
station 30, to 307 sends a Primary Synchronization Code (PSC) and several

For synciVBIOREABRE M5 @uepls; Kiire 3.3 3 Haby oL abErodl Sbae e o
an unnodul ated 256 hierarchical code, and is transmtted in the dedicated

time sl otsynslirepizafion peoddss.Uaitidlyethed B 32 ermatsed ¢tonmi{?, whih bake ansigh30; n one
or two time slots, such as for a systemusing tine slots O to 15 in tine
slot K or sglot K+8 erg Kis either 0, .... e techniqu sed to
gener at e '3 39gand cgl a4t o' SRR T D Sient el hebmcas xu
and X2 in Equations | and 2. X1 =([1,1, -1, -1,1, -1, 1, -1, -1, -1,

-1, -1, 1, Liatlors136:0uat3MNard e =syinthionizdd withinla bdse dtatioh, clustel, Fbrl,

1,1,-1,1] Equation 2 Equation 3 i'llustrates one approach to generate a 256

T o a0t i T Sl i S01e B0 G (1 9
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 O to 15 in tirne
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.
X1=1{1,1,-1,-1,1,-1,1%,-1,-1,-1,-1,-1, 1, 1, 1, -1] Equation 1
X2=11,1,-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), where1=0, ..., 255 Equation 3

2.



Using y(i), the PSC is generated such as by conbining y(i) with the first
row of |length 256 Hadarnarad matrix, hO, to produce CP(i) as in Equation 4.
CP(i) =y(i) x where i =0, ..., 255 Equation 4 Since the first row of the
Hadamarad matrix is an all one sequence, Equation 4 reduces to Equation 5.
CP(1) =) - = et 20D Equation.5 The.CP(.],) .,iS.used to.produce
a spr eéﬂé{‘%‘ﬁe‘%@m Eég S g‘?{}ﬁ‘a‘s@ﬁi ‘ciugﬁl aegql?% FORPLRDg; ¥d) 8‘&[}? & fIRFLOheT t he
base stations' comunications frominterfering with each other, each base
st ati onle8@th 256 Bladamaratbmatréx ARCtcspythuice @ (i) a8 inEqustiohde of f set ,

toffset, fromthe tine slot boundary 40. L’iffering time offsets are shown
for time slot 42 in Figure 4. To illustrate, a first base station 30, has
a first tine offset 441, tarrsec,t for the PSC signal, and a second base
station 302, has a second time offset 442, tOKSCl.2. To differentiate the

di fferent ba@eﬁjﬁ)s;&q(ii) ang(i30whes 1300, andssel |s 34, to 34,, eaEquualﬁ%%&t station
30, to 307 withinthe cluster is assi gned a different group of codes (code
group). One approach for assigning a torrs<t for a base station using an nh
code group 44n, torrs".n is Equation 6. to,lsc,.n =n 7| -IT, Equation 6

-3 T, is the chip duration and each slot has a duration of 2560 chips. As a

resul t, Sinke the@ffirseiowt 8f thé Padeathad ARtk 2n A9¢ReNeQuRnts, ERaaden /4l chips.

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,
tosrser YO 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, 1 ...

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

offset

44 .t

offset,n

is Equation 6.

t =n-71T, Equation 6

offsern



Since initially the UE 321 and the base stations 301 to 307 are not tine
synchroni zed, the UE 321 searches through every chip in the frame 38 for .
PSC signals. To acconplish this search, received signhals are inputted to a
mat ched filter which is matched to the PSC signal's chip code. The PSC

mat ched fi ' d to search through all the chips of a frane to

,#rt.er I S, US .
identify thdSB&CRIDSigation andeashedohaga duratvmofiidnchiphe Asta maglesthe

signal. This process is referred to as step-1 of cell search procedure.

After the dffseBd2 Fstesidhl de@iehfd | :rongest base station
301, the UE 321 needs tqugt e@rﬁ%?ﬂﬁgg?% ﬁ@é%ﬁtdgﬁ %&Rto 36. in which that

PSC and SSC signals are transmtted (referred to as the Physical
Synchr oni zat i or1eg@AREIallyPbeHVE S2qmngd G1e) basedstatiens 30¢ tgriyparssen thyiet he
identified base station 301. This process is referred to as step-2 of cell

301 and 1 10 PUGT 1S RN RN (RS By BRI b Mot BT R O

havi ng sel ected secondary synchroni zati on codes (SSCs), step 48. The UE
321 recei vighalhebe aggunpiighthis searchpreseivednignaleatiihpesed fea hashed fdfekon' s
code group and PSCH tine slot index based on which SSCs were received,

52. RMicH i ¥ o : I.hl e. PSCH ti
A R R S et ke i S

t he code groug and PSCH time slot index is to send a signal having one of
64 SSCs. Efglighdhrqugh alkthecthipsipfafiame toidestifothedSidsignal of thodagd sthtien 32
code groups and two possible -4

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 stétion 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.



PSCH tinme slots. This approach adds conplexity at the UF- 32, requiring at
“.least 64 matched filters and-extensive processing. To identify the code
group and PS CHtinme .slot index, 17,344 real additions and 128 real
multiplications are required in each PSCH tinme slot and 64 real additions
are required for the decision. An alternative approach for step-2 of cell

h d . h - I.nd h d
o oups oSl tam ot o THEEPpioRRRASaH GTEBISRH A MU LT o ERERt R &

approach, at least 17 matched filters are required. To identify the code

group and g , pa s g0 "o i@ BAthe eat dndPOEHAs are
required fx%drteﬁ%cgﬁﬁgéélﬂd%?#gs slpgtgé&id(ﬁ ?Fnolnal I§):4th512 ?gi;qﬁﬁ additions are

required for the decj sion. 99/ 12273 di scl oses.a system for, synchroni zi ng
- to a basesktdnden. 17a34hseal addiions b%@ﬁ? @Bﬁlnh,é:aﬁz%ﬁ HEreaniTd dh fach| ot o

Each time™slot includes-a primary synchronization‘code and a secondary

synchr oni JaiG R HORL a8 G4te iadMIbn{ BAYetire8 YOEMeAcIAdn.on and scranbl i ng
or long code Information. TR.101 146 Universal Mobil e Tel econmuni cations

System 30. 06 version 3.0.0 discloses a pase atiaon syncghroni zati stem
A primary syncHbAISERAUYE aPPHeAchsOF SHRs 'stt@t#é\r&&pﬁ%?ﬁé‘ﬁaHﬁesg{%m
reference. Each of 16 possible base station code groups are assigned to a

uni que Seq%g@w SBNE BfePic@abi1RAec 032 3bde Fﬁﬁgﬁ%@rwosymimerm‘scammecode

transmtted by the base station identifies e code group of the base

station. slots per frame. To implement this approach, at Jeast 17 matched filters are required.

To' i’denfify the code group and time ~;.k)t, 1,561 real additions and 34 real
multiplications are rcquircd‘ 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 Ean:smission is .d;x'rided in';o time slots.. Each'gﬁi; siot includes a primary
synchronization code anda secondary synchronization code including both Mg
synchronization and scrambling or long code information.

TR 101 146 Universal Mobile Telecommunications System 30.06 version
'3.6.0 disclolscs a base s.tridon“syn.éh:ronizéﬁoﬁ ;ys'temi-i | A'szilmary synchronization
code is transmitted for a frame and a phase reference. Each of 16 possible base
station code groups are ﬁssigned toa unique secondary synchronization code. The
secondary synchronization code transmitted by the base station identifies the code
' gr'ol_lp of the base _staﬁbnl.

Higuchi et al., "Fast Cell Search Algorithmin DS-CDMA Mobile Radio using

Long Spreading Codes," discloses a system for assigning long spreadirig codes to a
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Hi guchi et al., "Fast Cell Search Algorithmin D S-CDVA Mbile Radi o using
Long Spreadi ng Codes," discloses a systemfor assigning |long spreading
codes to a -5 cell. A control channel is spread by a conbi nation of cell
site - unique long code and a short code common to all cell sites. Each
cell's transmtted short code has a long code group identifier code to

Ir ggﬂlt Irfe)d %,I:;lf aA %gg?&@netgﬁpﬁﬁﬁ]bgeﬁq%@é hSBig%ﬂe géﬁgﬁ“@%wd%}ase

station sends a synchronization signal in an assigned tine slot to a user

. equi pment g kAo cotdBRotinids toall delbkites. CBach cilVs rhosminedtshpttecaledess: long :
communi cation system The base stati on has ‘an assi gned code group out of a

pr edet er mi ned nurrh C station transmts sel ected
ez o e TgH i ahe 1Gg B fe

secondary a set of secondary
synchroni zati on code signals. The plurality of secondar synchr oni zati on
code signal s niraentd besdestrable wwatddumt thhecqmpldrity redus uaB&8E 3% toode
groups. The user equipnent identifies the transmtted sel ect ed secondary
code signal s. Bas d on |n art the identified secondary synthronization
code si gnBF 01"%1??& & group is deternined. BRI EF DESCRI PTI ON OF

THE DRAW NGS Figure 1 |IIustrates a prior art TDD/ CDVA system

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 communication
system. The base stauon has an asmgned code group out of a predetermined number
of code groups The base station transnnts selectcd seccjmdaryl synchronization code
81 gnal_s out of a set of sccéndary synchronization code signals. The plurality of

secondary synchronization code signals numbers less than half of the predetermined

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



Figure 2 illustrates tine slots in repeating frames of a TDD/ CDVA system
Figure 3 is a flow chart of cell search. Figure 4 illustrates tine offsets,
used by differing base stations sending primary synchronization code
signals. Figure 5 is a diagramof the sinplified conmponents of a user

equi pnent and = a base station using binary phase shift keying nodul ation
for cell S&CONERTY @dgusignds Baged pown padithe wfensifedrrtaoydayryhclwinizdtioon code
assignment. Figure 7 illustrates the sinplified conmponents of a user

i t ; At i : h hift keyi
equi pent cgdidsignbissie 8tighba oS bR ANALIARIKEy Phase shi L keyi ng

modul ation for “cell sear Figu s the sinplified conponents
of a user equipnent and a base station reducing the maxi num nunber of
transmtted secondary synchronization codes using quadrature phase shift
keyi ng nodul ation. Figures 9 to 17 are graphs depicting the perfornmance of

various synchroni zatigR mhamel :
condi tions. DETAI LED %S%?ﬁ%mw NTS The
preferred enbodinents will be described with reference to the draw ng

figures where FigwrenhHhsiptesrapiersarhTDI/KDM A spstem. t hr oughout . Fi gure 5
shows the sinplified circuitry of a base station 30, and a UE 32, for use

gener at es a Pobe e ERRR Um el 8 A ETRER: of BTN COME liiimos
having the tinme offset in the tinme slot 42 associated with the base
station 30,. THigws3 sigfaw ¢harcefdellrsedrdy a conbi ner 63
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 is 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 systems under varying simulated channel conditions.



with M SSC signals. The conbined signal is nodul ated by a nodul ator 62 to

carrier frequency. The nodul ated signal passes through an isolator 60 and
is radiated by an antenna 58 or, alternately, an antenna array. The UE 32,
recei ves signals using an antenna 70 or, alternately, an antenna array.

demodal ot o0 b4 RERBASAR R T I SRR R TR R EMBADRIENTRY % % e

cell search, the PSC matched filter 76 is used by the processor 80 to
sear ch t hr ouhe préferreti emtitidpments veilf badescBibetovitd eeferéncet ledhpdoawingnal  of
t he base station 30, having the strongest signal. One approach for

det ecti f PSC. si | .l ti N f ' f @ ted
number BPupsere e e RatkiepllkEr By TubleRliy MigBreS spdwS BT 0%,
hi ghest nunber of accunul ated chip nmatches (i.e. maxi num signal strength),

are repayiEHdcieanrebitddsadtatitie30pami pURE B2 pfus usa is oel scareht Duranes 38,
Qut of the selected |ocations, the one having the highest nunber of

currul ative matches (i.e. the., maxi num,gjgnal stre . i s,identif as the
| ocat i offeBfl P%@@%@{ 22N ‘.ple _bgsq;gtaquéZ)J %egpra[st%a g%ﬁ%bgé?} Eﬁl%%?égﬁr e, the
base station 30, generates SSC signals, SSClL to SSCM using SSC spread

spectrug, Eélr%lecﬁﬁﬂleéighﬂr erfPator GHORMingOther eeceffidteincareptiend slotad2 t he UE
321, a reduced nunber “of SSCs are used. By reducing the SSCs, the nunber

of matched filters required at_the U , .1 s reduced. ddi ti qnal | t he
r educedasssciate ¥ididbe ?aﬁ%@a%@%éés ST}EH"ngg dds C?@qude ?Som%mer 63

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. During 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 location of the PSC signal.

- -8- —_



di stinguish the different codes. The reduced SSCs al so reduces the _
probability of incorrect detection of a code group nunber and PSCH ti ne
slot index (see Figures 9-15). One approach to reduce the SSCs is shown in
the flow chart of Figure 6. The nunber of SSCs used, M is based on the

nunber of code.grou a PSCH ti sl ots used per fra step 54. The
nunber of SSCsEg’f\/f’tf’B'z2 Pﬁgh‘?{-} B‘é%rgﬁt%% “Whé‘e%ﬁmﬁﬁbgmﬁr?@ﬁ Seénber
rounded up to the next higher integer, step 56, as in Equation 7. M= 10g2

(## of Cogign@so8Ps, o FSOf,, PSRE SEMEpehatspetlimlsh ' e fpse
station 34 geger at es, %ré‘i ng@gSC@s]?%rnal ggnerlgtsogfgm g@?gir%g& tz)tﬁ-rl?é" SSC

signals asspciated with the bas?g%éaii on's code group and the nunber_ of
PSCH t i meredicsttae coMBIEXity at the i griedyced aumhesiafedSWE taie aiseh Bher as
wel | as the PSC signal by conbiner 63. Subsequently, the conbined signal

i's nodul ai&mhcp hBSSONEE ﬁ&ﬂl‘ﬁg@gg n%&?&ﬁfiftéﬁ%@@isr&?ﬁ ethté 89! G0 aRd

radi ated by the antenna 58. The -9 UE 321 recel ransnttted signal,
passes it through the isolator 72 and denodul ates the received signal

usi ng t heAdishipenalky; dhe 7aducsd 8§ Csodeerspensdthegprassssing geSsanesaeqiiead o | ter s
781 to 78M the processor 80 determ nes the binary code that SSCs are

AR e A OB 0 R gEE Rl P
incorrect detection of a code group number and PSCH time slot index (see Figures
9-15).
One approach toreduce 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 68, 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 i1solator 60 and radiated by the antenna 58. The

9.



illustrate for a systemusing 32 code groups and two possible tine slots
per frame, such as slots K and K+8, the nunber of binary bits needed to
nodul ate SSCs, M is six (log2 64). In such a system the six SSCs are
nmodul ated with six bits usi ng bi nary phase shift keying (BPSK) rmdul ation.

The si x S thﬁﬂ@a . The
Hadamar ﬁc‘@[” X ﬁgggg%er sequ |1a ?msqsuc E};?/é( quatlons I%_@and 9.

Ho=(1) [HHL H H, _ H-i H., Equation 8 Equatlon A particul ar code,
Ck,, (i) dentoetudates ite tdveivaodsiggrbuginguhb elemasisdaron’4d Wiinp carregsmdisg
produced usi ng Equation 10. The six rows of Hadamarak matrix, H8, are r(k)

o, 124 e Shiodd o TR B B lhote by o) B e st e

depicted in Table 1. Code G oup (n)b6 nb5,nb4,nb3 j,b2 , 1+1+1+1+1+1
code that SSCs are modulated. Based on the determined binary code, the base

station's code group and PSCH time slot index in the frame 1s deterrmned. To
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, is
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, H,. The Hadamarak matrix is generated sequentially,

such as by Equations 8 and 9.

H, = (1) Equation 8
H = i1 o Jr= 1.8 . Equation 9
Hi-v Hea

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

Cn(i) = bn x hy,(1) x y(1), where1=0, 1, ...,255and k=1, ..., 6

Equation 10

-10-



2+1+1+1+1-1 3+1+1+1-1+1 32-1-1-1-1-1 Table 1 The val ue of bl,,,
depicted in Table 2. PSCH tinme sl ot order ,
, 7+1 K+8-1 Tabl e 2 Each code corresponds to one SSC, SSCl to SSC6. To

0,...

di stingui sh the differing base

each of t

atiqns'

SSC

stati ons'
nal s has the

'2:»1t0 Befge éﬁﬁwfﬁzig 15 Table gel |

in the franeb, .,

s |
, K, where K =

SSC signals from one anot her,
sane offset as its PSC

si gnal . search procedure (i.e. code
group nunber and PSCH sl ot order detection) is performed as follows. The
recei ved haseband signall 1s fifst corféeratedqfwitn g, as per Equation 4 to
obtain pH & SreiRive ins ¢orlspl af i dhasi s} péufored.py [PSC mat ched
filter 76 [In Figure S.|The_ ph&se reference JS obt ned by] normal i zing t he
correl atign val ué obtai hedtht |thelou putl of | t el PSC mek chied filter 76. The
recei ved haseband signalf 1s_al$o -11 forrela ed—vvlt‘e CI, . .1 ,C6 as per
Equation 10 to obtain bi naﬂ/ dat att ha ,resen*tl the dode| group of the
base statifon 30, ,and PS{H siot order In the frane. [This
3 + +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 1s 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 1s obtained by normalizing the correlation value obtained at

the output of the PSC matched filter 76. The received baseband signal is also

11-



correlation is perforned by SSC matched filters 78,-78Min Figure 5. These
mat ched filter outputs are derotated before BPSK denbdul ati on. The

derotation is perforned by conplex nultiplication of the conplex conjugate
of the phase reference. The derotated SSC matched filter outputs are BPSK

denodul . : K LR d S, ey n the
r eal pa%’&glfatﬁ}gltg? g’f'é’?je%?% %é@c*rlgdt}%nz%@ﬁ ﬁt)ter o&?’?u‘?aégﬁ{&ggéqrggs%rﬁﬁé)if t he
real part of the derotated SSC matched filter output is greater than zero,
it is deomegrenediather bascstasion 88, antd PSCHishsderdar éd the frameThdhis
denodul ated binary data represents the code group of the base station 30,

2 copunriRy. TreahuBbadhn SR AT R TIaR, YRR Fls” Thelin B ce

the derotated outputs of the SSC matched filters 78,-78M over a nunber of
t he PSChhattinel Sltet sutpstcireaterdtated meford BRSK dignodulatian S$Es def@atiBR icode
groups and two possible PSCH tinme slots, requires 653 real additions and

28 real tipkications at_the .UE 32, | dent i,f d OUp/PSCH ti e
ol ot °1 nagsonpl ' BhRaRed; mITaRE of St GhuIk el s, Heghate
required. Accordingly, reducing the nunber of transmtted SSCs in the PSCH

tinme sl e¢fer@mtac &hd eroprod 8851 natdiedtfieerdn@at ardABPEKndtrbgulatedl. rBatuce t he
nunber of SSCs even further quadrature phase shift keying (QPSK)

ool ek Sttt S S R RO RSt lBlgd ey P
e 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 ume 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 signalis

sent on either an In-phase (I) or Quadrature (Q) component of the PSCH. One extra
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bit of data associated with either using the | or Qcarrier is used to

di stinguish the code group/PSCH tine slots. As a result, the nunber of
SSCs, M required by Equation 6 is reduced by one. For instance, to

di stingui sh 32 code groups and two possible PSCH tinme slots, five SSCs (M

= 5) are required. The code groups are divided in half (code groups 1-16
and code d}nbcléjt)péatfiglgsgg)gtc i eifher geng thed arr@ieariiet Baused ordisingushitey | i t

restricts the code groups to the |ower half (code groups 1-16) and when the

SSCs are cotdanpssuf/PECHRind1610R. CAkIH Risult] the! GSbEE b JITEs, QATErROAS,Y O the
upper hal f (co@ge Iigr oups 17-32). The five SSCs disti nggt}?ssfh begﬁen t e
remai ni ng,Si xt.een_possi bl code groups and two possible PSCH tine slots. A
sinplifie %@%?é‘t?"@ﬁcg‘g?y%- UE 321 using QPSK nodul ation are shown in
Figure 7. The base station 301 generates the appropriate SSC signals for

s code gr oup FanihsDiEH| toldTRiih 39508 gt SRS SRLIARPECIIENY A0aL

generators 681 to 68h,. Al so based on the ‘base station's co

tine slot [ind i tches 901. top{,gOl either switch the outputs of the
gener at or JI.VEG%CF M%r%ﬂ%e grquired o e cere grouns arg dovislsdunielf @@de preups
conbined | signal which includes ' the PSC signal is nodul ated by an |

modul at or 1826 phll @bdé @réuENSTI39s] Whenl e m@iaf@&aﬁ%ﬁﬁt%@bnitge Ifﬂéﬁﬂx}gée%d by
a Q nodul ator 84 prior to transm ssion. One approach to produce the Q

Gogr ecs byeuondnSipdierpugs Sufc el Ga00ei@lhuiniial 65an ke radhs S58s stnal s
wth both an | denodulator 92 and a Q denodul ator 94. Simlar to the base
station 3@anstoliteedsbn 384 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,;. Alsobased on the base station's code group/PSCH time slot index, switches 90,
to 90y, either switch the outputs of the generators 68, to 68, to an I combiner 86 or
a Q combiner 88. 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 2 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. Similar 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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may produce a Q carrier for denodul ati on using a delay device 96. Obtaining
bi nary -13 data representing the | ower or higher half of the 16 code groups
and PSCH tinme slot index is the same as applyi ng BPSK denodul ati on on the
| and Q conponents of the received signal respectively. The |I natched

filters ggf%g%%éaeﬁﬁﬁﬁﬂ%lswﬁgﬂt@he%Hﬁfopﬁgecp@fe@ae SR AAESOHNAnwERY her any

SSC sig re sent ont | "conponent of the PSCH A decision variable,
4, is obtained such as by using Equation 11. Id". = ]lrxil + Irx2l + ... +

| rxml Edueeiiothelgame &s applging w&%ﬁgﬁm@w emng apd é&ﬁﬂm@mmwf the
conponent) of the ith SSC matched filter output. Likew se, the Q matched

filters r&%%ve& 91@41912 %@E&iﬁgd&@g I BRcHEOGRESOT0® o -G{ita?é Ws&E pyhaeher any

SSC signal's weré¢ sent “on onponent of the 'PSCH deci si on vari abl e,
Qdvar, is obtained such as by using I%qﬁga_ti on 12. Qdvar = li X1l + |1X21 +
+ | Dxdtessond Lodetedning siliether anyd Stagignelidwerstseppen thbeermpongndof

ébﬁponent) of the ith SSC matched filter outputs. If laYaz is greater than

the sscefBRERE ALABTPa R, fras PRES T bt by R e batio I 8 Ui ng

QPSK nodul ation to reduce the nunber of SSC signals transmtted is
depicted in Figure 8. Instead of transmtting the nunber of SSCs of Figure
7, the nunber of SSCs, M representing the code group nunber and

Lyvar = |04 + [1Xo} + oo + 1%, Equation 11

x| is the magnitude of the real component (I component) of the i SSC
matched filter output. Likewise, the Q matched filters 102, to 102y, 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,,,,, is obtained such as by using Equation 12.
dea, = |iX1| + |ix2| +...+ IiXM] Equation 12

lix, is the magnitude of the imaginary (Q component) of the i™ SSC matched filter
outputs.
If 1,,, is greater than Qy,,, the SSC signals were transmitted on the I component.
Otherwise, the SSC signals were transmitted on the QQ 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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-14 PSCH time slot index is reduced by one. To regain the one lost bit of
information by reducing the SSCs, two sets of M SSCs are used. For

i nstance using 32 code groups and two possible PSCH tinme slots, one set,
SSC11 to SSCl14, is assigned to the |ower code groups, such as code groups

1 to 16, he second _set S to SSC24, .is, assigned.to the upper code
gr oups, sﬁgkﬁ}ltatém&ﬂsg%t 185856? C%Jbéizqnelzi%lr?%mpmpnc g‘bs(ﬁg“g‘?fo‘ﬂ IAERE| ng
SSCIto SSC14 on the | carrier restricts the code groups to 1 to 8. The Q

carrier rigstaducing tHeeS8Gdetvgr aepoftll 9SCe atb.uskd k For $8stah & usifig 32pRRIe code
group, in phase SSC21 to SSC24 restricts the code groups to 17 to 24 and Q

vt mum BN 45 F7 & BREN Bl BEGH B U B B 4 S5 omir By IR IO B

reduci ng the nunber of SSCs, the interference between SSC signals is

reduced. IBeducede praups, snenaecdikt groaps 13508, ahd theseborhsst, SEENIBISSTT,ON
power |evels for each SSC signal easing detection at the UE 321, A

2ppr onch ¥ & CRBEh T PP R apbpf e TR SR MBS To 885 Heitahivan ssc

spread spectrum signal generators 104,1 to 1042M generate the SSC signals
cor r esponatidecgrotp, sendimaS8Cs at $90, ;orcthad arerrestridisREE codegrsimito 1The
correspondi ng SSC signals are switched using switches 106,1 to 106211, to

code. or ou 30 Pl ReuElshe Bp o PRpBte B Il tor e oRbF Rl o o
10811 to 1082Q is used to determne if any of the SSCs were

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 transmitied 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 comresponding
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 [ set of matched filters 108, to 108,,, is used to determine if any of the SSCs were

sent on the [ carmier. A Q set of matched filters 110, to 110,,, is used to determine
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sent on the I carrier. A Qset of matched filters 110,1 to 1102,, is used
to determine -15 if any of the SSCs were sent on the Qcarrier. By

detecting the transmtted | and Q SSCs, the processor 80 determ nes the
base station's code group and PSCH tinme slot. One approach to determ ning

whi ch gf agy of gfeSETRUREredRl behPOscdrbet BRIekbdtingahs ehsmittedised Qy t he
base station 32, follows. After the processor 80 accunulates data from

mat ched f lters 110" t 1024, code group set it Cll to SSCl4
or SSCBESt% tsprocesoy %FWW@BBE& @3\9&%%@8{@%@6 QSCEEW Slgbt 1 = 1¢
X111 + i x, il +. ..+ 1r x,~I + Ili x141 Equation 13 var_ set 2 =1r x=, I +
i X2ij +...¢nkla r@éch’ftd Ue%ﬁnﬁ%@?ﬁ&ﬂoﬂ@ﬂ&ﬁie\/@ ,ard¥dilo bosdiBiR4, are
t he nunber of accunul ated mat ches for a respective SSC, SSCll to SSC24,
received in the I channel. Sim|arly 3312‘;0 i X24 re t.he nunber._of
accunul BYCH WaecHes sosedrhy @%hm@mma dollgns, Alepie E’(ﬁ’ﬁ‘éﬁspéﬁg 13 and
14 require a total of 16 real additions. var_set 1 represents the total
accumul r | sents
e ot B BR RS, b rdhipAcREE s 9 10 190 Fteode g of, bR
processor 80 conpares var_set 1 to var_set 2 and the | ar er of the two
var i abl 8SCj,4oFSS um P3G, e SHe. Ssdesarmined ysimigtiiavatigns hd angdde st ation
321. To determ ne whether the SSCs were transmtted on the I or Q channel,
Equations 15 and 16 are used. -16

11

var_set ] |I an + |1 Xu| +...+ |r X|4| + |1 Xu| Equation 13

var_set 2 Il’ an + Il Xz:!l +...+ Ir Xul + Il Xul 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 ix,, 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 I or Q channel,

Equations 15 and 16 are used.
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var _ | = 1T x, Il -i-...+ 1T xP, I var_ Q=11 xr,|l +...+ Il X4 Equation 15
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-1 is the accunul ated values for the selected set on the I carrier
and var_Q is the accunul afed values on the Qcarrier. The |larger of the
two vari abl es, V%rr-_lznli:d" *arjd‘ x'r‘E presumed to be the - chann&iquatign 15e

sel ected set was transmitted over. By ordering the additions in Equations
13 and 14, the values of var_| and var Q can be determ ned sinmultaneously

with var_set 1 amld_(yaf_lsgt! 2.+ j;,qr di ngly, deternining whet hglgfdign 160" Q
carrier was used requires no additional additions. As a result’, using QPSK
nodul ati on and two SSC sets requires 803 real additions and 36 real
multiplications in each tinme slot and 16 real additions for the decision.
Figures 9 to 15 are graphs illustrating the performance for distinguishing
32 code groups/two PSCH tine slots of systenms using 32 SSCs 128, 17 SSCs
124 and 6lfSBEssat2b.is Fakectpdaph deshgarghe theer fer semie thervahae iofus isiond. at ed
channel conditions. The sinulations accunul ated the SSC matches at the UE

321 over f@Hﬁverﬁélgeif%.&s%tsg- é,stil:lgﬁlu%rtﬂ’sﬁ ?meqta}oﬁﬁgﬁéggggﬁnm% fan

i ncorrect sync hi' zatt'on. annel si gnal R) in
deci bels. The Figure 9 sinulation uses an additive white gaussian noise
( AWGN) 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
Tor 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 SSCs 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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channel and accunul ati on over eight PSCH tine slots. The Figure 10
simulation -17 uses a single path Rayleigh fading channel with a six

kil ohertz (kHz) frequency offset and accunul ati on over four PSCH tine
slots. The Figure 11 sinmulation is the same as the Figure 10 sinulation

except e aaGKHRUbAL FoAVIdiRh fadelp ehdiel RSGHa dix Kiloblent (K dréqupncy 12
sinmul ation uses an I TU channel with three nmultipaths with a UE 32, noving

at 100 kil oneters per hour (km d accunmul ation over .eight P time

ol ot s ot A ETRIAUPRAVIOORPSCELmh 5 Cha ETenP ] sEiFRlen B | pa ns
havi ng six kilohertz (kHz) frequency offset and a UE 32, noving at 500

knt h w ﬁ%@fﬁcmﬁ@h&@qmyﬁfumiaﬁéx&%@mé heRuraliRion Whe oFensipht PEGHMI at i on
uses a sing

e path Rayl ei gh channel having 10 kHz frequency offset with
accurul ati on over_eight PSCH tine slots, The | i on. uses an

; : Figure, 15 siul at
| TU chatimeklow. tThe Kignge 1sinonligiengsesan i) an %Tlﬁhéa{F&r{E'g}ﬁulﬂaF thnd the
UE 32, noving at 5 00 kmih w th accurul ati on over eight PSCH tine slots.
Under t : h gl | Sunful @68 ohé8 eight
ot per o e Pnst s POIIBARLEL pbf AUERLIAADR dourlIBRER RePSEL 15 6
SSCs 128 perfornms favorably in_conparison to the other techniques 124,
126. FiBSCH titde slogs. gridpsh Fégunend3 ssirpulationy uses 28r Hdd cdagpel vadedhrees s ng
BPSK and the two sets of 4 SSCs 112 using QPSK nodul ati on. The sinul ation

T L S T e R i et
outpert frrn/nlf gith accumnulation over eight PSCH time slots. The Figure 14 simulation uses
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. As shown in Figures 9 to 13, 6 SSCs
128 performs favorably in comparison to the other technigues 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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6 SSC BPSK nodul ation 114. Figure 17 illustrates the performance of BPSK
and two set QPSK nodul ati on accunul ati ng mat ches over four and ei ght PSCH
time slots. The SSCs were -18 sinulated as being transnmtted over a single
pat h Rayl ei gh channel. Perfornmance for both nodul ati on schenes i nproves

wi th addi t.l e |_at.i T t . . OPSK nodulati on for. four
poci 11 me o aried s BB fPin biteB o} £y BndthsEhe il BRiro B Tor
modul ation for four PSCH tinme slots 118 and eight PSCH tinme slots 122,
respect i vépih modgatiprschemas improeguvpheddit{aEl toapslbt eowélatienei Tivageand
transmtting comruni cation signals in a tinme division duplex using code
di vi si on } : sar L pnEnt. I Sing: for
Fecei ving @ hedBEESE o S P SO Bt Hou BE R gnf PREH Fnigol 228
synchroni zation signal received in a selected tinme slot out of a plurality
of time sbstperforms BRYK maeduletde feyfaRETHaimeslathdb8ahd etgaRSCHlnimhé ne
synchronizing with a received timng of the primary code synchronization
signal ; MeRRS1EPd B&E@ying secondary synchroni zation signals, the
secondary synchroni zati dn signals received along with the prinmary code

synchroni zati on sngaI; and
* *
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means for determ ning an assigned code group and the selected tine slot,
based on the identified secondary synchroni zation signals; and wherein the
assigned code group is out of a predeterm ned nunber N of possible code
groups, each conbination of the N code groups and the selected tine sl ot
out of the plurality of tinme slots is associated with a uni que conbi nation
of secondqfxgﬁggnals froma set of secondary signals which does not exceed
(1 oge. I n nunber. 2. The UE of claim| wherein the identifying neans
conprises a plurality of matched filters,, at | east one matched filter is
mat ched to each secondary synchraoni zation S|gnal out of the set of
secondary synctﬁ@?@rm@ﬁt ﬁ@a@w@e@ewm ang trapsmtfing Gerpmupcatian; signalsdn

d |
andtho prarf Al fel ERlnk PP i) BPARS Se e SHHALLRL WG AARRRED) | O

phase mat cbagrikingt er for each secondary signal out of the set of secondary
signals. 4. The UE of claim2 wherein the UE accunul ates results of the
mat ched fi | t er SNEARS HOBIecHVingA Prifpapt cadeaprpehrgpization Herrly @erﬁrﬁn% e

assi gned %gg iRy m?na] Aééég\%ﬁ if AW fé@f%ﬂttm(iy@)t & 3?'31 @ufhht vy 6f hnéi digs and

transm tti conmmuni cation - signals 1n a tine dupl'ex using code
di vi si on nubpriplaey estvesyactromizziion chivenel;user equi pment corrprl si ng: an antenna

for receiving a ry. code synchronization.signal, ri.mar ode
synchroni zat i oﬁn{éﬁnéﬁ% tmee SYRFBEPIIZIng, Vel & gpeRived) g 8 %‘Etpnmafi cﬁﬁﬁr ality

of tine slot&réfization signal;

means for identifying secondary synchronization signals, the secondary
synchronization signals received along with the primary code synchronization signal; and
means for determining an assigned code group and the selected time slot, based on the
identified secondary synchronization signals; and

wherein the assigned code group is out of a predetermined number N of possible code
groups, each combination of the N code groups and the selected time slot out of the plurality of
time slots is associated with a unique combination of secondary signals from a set of

secondary signals which does not exceed (loga N) + 1 in number.

2. The UE of claim 1 wherein the identifying means comprises a plurality of
matched filters, at least one matched filter is matched to each secondary synchronization

signal out of the set of secondary synchronization signals.

3. The UE of claim 2 wherein the secondary signals are received on an in-phase or
quadrature phase carrier and the plurality of matched filters having an in-phase and a
quadrature phase matched filter for each secondary signal out of the set of secondary
signals.

4. The UE of claim 2 wherein the UE accumnulates results of the matched filters over a

plurality of frames prior to determining the assigned code groups.

5. A user equipment (UE) capable of receiving and transmitting communication
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a primary code synchronization channel; a plurality of matched filters for

i denti fying synchroni zation signals, the secondary synchronization signals
received along with the primary code synchronization signals; and a
processor for tinme synchronizing with a received timng of the primary code
synchroni zation signals, and for determ ning an assigned code group and the

sel ected signa® § #timdabedoRAupRR ustentodd ediS@c andaply wyeshioanay akd on
signal s; and wherein the assigned code group is out of a predeterm ned
nunber N @FerF@uPINECOBBHER)r oups, each selected tinme slot out of the

plurality of tine ts I d. w ' : i | bpﬁgpondary
signals froma age%ﬁ%%astggg%%ar@é gi %r\f%%lg %{qfﬁh%e%&a%t . xajtlz’ce)tgg% oge N + 1
i N nunber .coffe syhbigrohizatidh sighaliriebeiired eldtted tinlealtss butasfa phoadlithefiirhé slowin out  of

the plurality of pmatches filJters is matched to each secondary
synchr oni 230maay sedgriynchsppizaionichanngbt of secondary synchroni zati on

signal's. 7. The, Py ChALMMNNERGE ot NeREFARIAnShBRAYS sl 9pel ved o

an i n-phase or uadrat ure phase carrier an plurality oSf mat ched

filters hawiondagnsyinchrphizaien aimala recgivad nlng rvéthpthe penast okle dyhéhrgrazatibror each
secondary signal out of the set of secondary signals. 8 The UE of claimb5.
wher ei n tﬁ@r‘%ﬁa&écurml ates results of the matched filters over a plurality

of frames prior, ﬁﬁcéx@(}reﬂ‘o%mer@n&}ﬂ@n@ﬁg!vqnﬁg r&eRed GhRMP 81 tHR. pring@leotd
synchroni zation signals tor use in a wireless tine division dupl ex

communi catsynehreyisatom sigrials, apdrfordletérsiinimg dmpissignesoeada rereunt anshthe yeleeed usi ng
time slot %ini]enslot, based on the identified secondary synchronization signals; and
wherein the assigned code group is out of a predetermined number N of possible
code groups, each selected time slot out of the plurality of time slots associated with a
unique combination of secondary signals from a set of secondary signals which does

not exceed (logz N} + 1 in number.

6. The UE of claim 5 wherein at least one matched filter out of the plurality of
matches filters is matched to each secondary synchronization signal out of the set of

secondary synchronization signals.

7. The UE of claim 5 wherein the secondary signals are received on an in-phase or
quadrature phase carrier and the plurality of matched filters having an in-phase and a

quadrature phase matched filter for each secondary signal out of the set of secondary signals.

8. The UE of claim 5 wherein the UE accumulates results of the matched filters over a

plurality of frames prior to determining the assigned code groups.

9, A set of synchronization signals for use in a wireless time division duplex
communication system, the time division duplex communication system using time slots in
repeating frames for communication, the synchronization signal is transmitted from a base
station for use in synchronizing a user equipment, the base station associated with an

assigned code group out of a predetermined number N of possible code groups and a

21-



[——
| repeating frames for conmunication, the synchronization signal is

transmtted froma base station for use in synchronizing a user equi pnent,

the base station associated with an assigned code group out of a

predet er mi ned nunber N of possible code groups and a -21 selected tine slot

out of a plurality of primary synchronization channel tine slots, the set

of Synchrsgfa&g]@gﬁle Qobbdah plucdldy i@ftﬁrgﬁaﬁz S cBbnizittR cBinePfime Voghhesitaat i on
o) 0og

signals, whic es not exceed ( +1 in nunber, identifying the
assi gned coodrgrzatipn sipoklt dherasetiswlttod tine slot. 10. The set of

synchroni zation, signals of claim.9 further, characterized t.h of
synchroni zat i orﬂ’%f%ﬁgpgcﬁ%zﬁﬁo%ﬁlﬂﬁisywﬁﬁcﬁsdoﬁ? Bﬁfé‘ée&dgfp@% yﬁlnlpgiaﬁl ggrbi nary
code gr oUNderi@RAY tht h&iondll Edlie3rsiplats HRGelQ¥ @he otiadamard matrix. 11. The
set of synchronization signals of claim10 further characterized by the

selected rowid froma set of potential selected rows; the potential
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11.  The set of synchronization signals of claim 10 further characterized by the selected
row id from a set of potential selected rows; the potential selected rows comprising row 24,

40, 56, 104, 120 and 136.

12, The set of synchronization signals of claim 9 further characterized by being a
predetermined time offset from a time slots leading boundary.

13.  The set of synchronization signals of claim 9 further characterized by each

synchronization signal of the set of synchronization signals is selectively transmitted using

an in-phase or quadrature phase carrier.
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