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communi cati on network uses w ndow exclusion logic in_order to av0| d a
deadl ock ‘CoHEYTon upon a detection of the wong plﬂﬁ {USHO3l  nobil e

network (PLMN). The conmuni cation signal is processed in a three step

deci sion process. The first decision step (12) determnes a chip offset of
the strongest path detected over a frame of sanples. 1In response to the
first decision (12), the second step (14) generates a scranbling code
group nu and slot - second synchroni zati on
code. QB? rd deci sion g@@FEhﬁ re rleves a prlnary scranbling code in
response to the code group nunber for synchronizing the UE to the base
station. RESET WD 02/069551 Al _1111111111112[![f111~ IIIIII[IIIIIIIIIII
111111111908]r asi an patent (AVPAGKGRRUNIXG Kz, MO, RU, TJ, For
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[0004] Initial cell search algpnthms are used to synchronize the UE to a base
- station. The UE accomplishes this procedure via 8 common downlink channel called
the physical synchronization channel (PSCH). Referring to Figure 2, the PSCH has
__astructure wherein the same primary synchronization code (PSC) is transmitted at the
beginning of each slot, while a secondary synchronization code (SSC) is transmitted
for each slot, resulting in fifieen (15) different SSCs. As those skitled in the artknow,
- a frame that is fifteen (15) slots long can transmit fifteen (15) SSCs.
[0005] The transmit order of the SSC depends on the primary scrambling code
group number. As an example, in a five hundred and twelve (512) cell system, there
are sixty four (64) groups. In each group, the patterns of the SSC and its cyclic shifts
are different. As a result, there are five hundred and twelve (512) primary scrambling
- codes. Each cell, of a five hundred and twelve cell (512) system, is assigned a code
such that no one code is used by more than one cell in a given reception area.
[0006] Therefore the cell search synchronization systems determine the primary -
~ scrambling code of a cell utilizing an initial cell search aigorithm. Common initial cell
search algorithms utilize three (3) major algorithms: a step 1 algorithm detects the
PSC and determines a chip offse; a step 2 algorithm uses the information given by step
1 and detects the slot offset and code group number; and a step 3 algorithm utilizes the
information provided by the step 2 algorithm and detects the primary scrambling code.
Unfortunately, each step algorithm has an inherent error associated with it. The error
present in each of the steps is caused by the UR detection of noise associated with the
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[ 0003] The present invention generally relates to user equi pﬁlén UE)
synchroni zation to a base station. Mire particularly the present invention
rel ates toweozombdt search systemwhich utilizes an i ppreseedsdinitial cell
search algorithm [0004] Initial cell search algorithnms are used to
synchroni ze the UE to a base station. The UE acconplishes this procedure
via a common downl i nk channel called the physical synchronization channel
(PSCH). Referring to Figure 2, the PSCH has a structure wherein the sane
primary synchroni zation code (PSC) is transm tted at the beginning of each
sl ot, whimeigd serpndisrplinkrhanelowhislhean syult badighgsmperiof fafseansmi t ted for each
sl ot resdé{egiogsg in fifteen (15) different S SCs. As those skilled in the
art know, at%rame that is fifteen (15) slots long can transmt fifteen (15)
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scranbling code group nu As an exa in a five hundred and twel ve
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the PSC.and determ nes a chi.p offset;: a.step.2 al.gonithmuses the
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nunber ; agcome $He d@ndBckaksgeisted Wiihawidclidnziasto tHaerong BEMINMat | on provi ded by the
step 2 algorithm and detects the primary scranbling code. Unfortunately,
each step algorithmhas an inherent error associated with it. The error
present i ach of the steps is GANGER by the UE detection of noise
associ at é@"% th the 3 ¥

[0010]

In accordance with an aspect of the present invention, there is provided 2 method for
establishing a communication link between a UE and a base station in a communication
network, comprising the steps of, receiving an input communication signal, first

- processing the communication signal and generating an index value associated with a
primary synchronization code within the communication signal, extracting a peak sample
from the communication signal in response to the index value, second processing the
communication signal in response to the index value and the peak samples and retrieving a
code group number, slot offset, and secondary synchronization code, third processing the
communication signal and retrieving a primary scrambling code in response to the code group
number and the slot offset, for synchronizing the UE to the base station, the retrieval of the
primary scrambling code being a code decision, and adjusting a search frequency of the
UE in response to the code decision.

In accordance with another aspect of the present invention, there is provided a
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channel, which can result in a high nunber of false detections. [0007]

Al so, the common initial cell search algorithns can not hségle rejection
by the upper layers of the wong public | and nobile netwo %ﬁf%ﬂf Si nce
nost al gorithns detect the strongest cell in the comon downlink channel,

it is |ikelwozbddesds each tine the algorithml ocates apgglkodRgzsame PLMN
will be associated with the cell. This results in a deadl ock and
ultimately an indication to the UE that there is no service. [0008]
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In accordance with yet another aspect of the present invention, there is provided a
method for establishing a communication link between a UE and a
base station in a communication network, comprising the steps of, processing an incoming
communication signal and generating an index value, extracting a peak sample from the
communication signal in response to the index value, determining a code group number in
response to the index value, retrieving a primary scrambling code in response to the code
group number for synchronizing the UE to the base station, and adjusting a search
frequency of the UE in response to the retrieval of the primary scrambling code.

In accordance with a further aspect of the present invention, there is
provided a system for conducting initial cell search and establishing a
communication link b;atween a UE and a base station in a communication network, the system
comprising, a first module for generating an index value associated with a primary
synchronization code within 2 communication signal, a second module for determining a code
group number in response to the index value, a third module for retrieving a primary scrambling code in
response to the code group number, and a controller coupled to the first, second, and third modules, for
controlling the adjustment of a search frequency of the UE to retrieve the primary scrambling code in the

communication signal,




WO 02/ 069551 PCT/ US02/ 03297 system for conducting initial cell search and
establishing a communication |ink between a UE and a. base station in a
comuni cati on network, the systemconprising, a first nnﬂy first
processi ng of a conmunication signal and generating an in eﬁ“va ue
associated wth a primary synchroni zation code within the comunication
signal, a weegtwsgodul e for second processing of thepecppdmpsaati on signa
in response to the index value and a peak sanple extracted fromthe step 1
nodul e and retrieving a code group nunber, slot offset and secondary
synchroni zation code, a third nodule for third processing of the

communi cation signal and retrieving a primary scranbling code in response

to the cod®lyroup numBdl RESERIBFIEIONOBTHEPRAMINGSENd a controller coupled to

the first ul e ond ule for ontrolllng t he
ad ust ron 0 PR MEGHIR M SRR Fepedf B, he' o ey
scrambl i nﬂ;c&&ﬂ@Mtﬂﬂfebﬁferr&mﬁiﬁbﬂhh&@&ﬂt&@reﬁdnmmom n accordance with yet
anot her aspect of the present invention, there is provided a nmethod for

est abl i shifBipla c&iaterd 1&&‘!ﬂléﬁfatlﬂmﬂﬁenhxm%sﬁcm@ﬁ@n ghanighse station in a
connunlcq?(ﬂﬂ net wor k, conprising the steps of, processing an incon ng
communi cat i o si gnal and generating an index value extracting a peak

sanpl e frjodm} he Figurdistlachtiagam sfitgnep 1| nnduedsmendaacetvithttiee i ndex val ue,
determ ning a, cod gro nunmber in response to the index value, retrieving
a pri maryr %Wéﬁﬂwg gg%”ﬁﬁ“F@?%@hse to the code group nunber for

synchr oni i ag thﬁguléﬁlwﬂ s 1848 | A addhdtshtg a search  frequency

of the UE In response to retrie of the primary scranbling code. In
accor danqumdmlmdxmernbﬁmmaspmmnnm the present invention, there is

provi ded ctln n|t|a el | arch..and establlshlng a
commni'cafbp | i H&“@éﬁ\ﬂ%‘#'ﬂ tengﬂgg e‘&f“%&?ﬁ atg comruni cat i on
net wor K, ptdigrearlo@iint 6QRYrdsdt MGbntiéh. f i rst nodul e for generating an index
val ue aSSOC|ated wth a primary synchronization code within a

comuni cd001h si Gmat ¢ isa gsapbioal dlustredioh of mefrasidiademand hiangorm code group nunber
in respo to the index value, a third nodule for retrieving a primary
scranbl i Réﬁé °®a» response to the code group nunber, and a controller

coupl ed tigighe Fipirs? is aSRE@MO of &8 shp it st rSoordhué witicont 1 ol i ng t he
adj ust ment of a search frequency of the UE to retrieve the primry

scranbl i thg pebded dmbodiment ofiskerpmsent ipveniiawn si gnal . -3 26 August 2005

{0019] Figure 8 is an illustration of the code group matrix structure in
- accordance with the preferred embodiment of the present invention.

[0020] Figure 9 is an illustration of the correlation matrix structure in
accordance with the preferred embodiment of the present invention.

[0021] Figures 10A and 10B show a flow diagram of the step 2 algorithm in
accordance with the preferred embodiment of the present invention.

[0022] Figure 11 is a block diagram of the step 3 module in accordance with, the
preferred embodiment of the present invention.

[0023] Figure 12 is a block diagram of the step 3 correlator in accordance with

the preferred embodiment of the present invention.
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Figure 1 is an illustration of the initial cell search system made in
accordance with the preferred enbodi ment of the present ﬁg%bﬁn [ 0013]
Figure 2 is an illustration of the physical synchroni za annel

(PSCH). [0014] Figure 3 is a block diagramof the se‘g_g_ 1 nodul e in

accor danceVQp¥u95the preferred enbodi ment of the pr &&dABHBY2Enti on. [ 0015]
Figure 4 is a flow diagramof the step | nodule in accordance with the
preferred enbodi nent of the present invention. [0016] Figure 5 is a block
di agram of the step 2 nodule in accordance with the preferred enbodi nent

of the present invention. [0017] Figure 6 is a graphi cal i | lustration of ne
Fast Hadamard Transform i structure, [0018] gure IS .an
illust r at i08%of ttﬁg‘FPﬁol&A%Hﬂt 313@@@@@?@?@%“&“@&%&@@%@@ t he

praerre%c%«?}%%&eﬁ@fthgé;efaﬂ@d&ﬁ éntof“fﬁ?ﬁ @?mv@:ﬂf?mlg] Figure 8 is an

Il lTustrati egroup rx s ure itn accordance with the

- pref err ed[0é2430di rrﬁ]?igureﬁMTAfmdMBSlmwaﬂﬁwdﬁgtamfﬂidlﬁﬁ‘@dﬂe&ejlae&cﬁ is an
illustration of the correlatjon matrix str ctur in accordance with the

~ pr ef er r eddsHingdogie Myaceprdangewith te prafery M?se%w -10A and | OB
show a fl |ara‘ﬂ?9 t Wh the
preferredfa‘(ehnﬂomg Esffﬂaenﬁplﬁgs%r??alg%@e% ggi gure 11 is a bl ock

- diagram o&xchisbni;ctgupn%mnﬁndcmﬂﬂhmcﬁmtbmﬂmdmdntpﬂhd}meseﬂﬂﬂwmmd enbodi nent
. of the present invention. [0023] Figure 12 is a block diagramof the step 3
correlator in accordance with the preferred enbodi nent of the present

i nventi oryou2f ASETAR FEOSBSMOPH SN RCRAE PREFERABBGAEAGDERA Fi our es 13A

and 13B are a flow diagramof the step 3 algorithmin accordance with the

pr ef er r ed0828Jodi mefhe esll sehroh symebromizaiio systanp 10 i GoaBflance githethe14A and 14B

- 2ccor dancBrER R bE B B e e Re iteh PleRuntlon, "

10 comprises a step 1 module 12, a step 2 module 14, a step 3 module 16, and a

controller 18 to accomplish synchronization betweena user equipment (UE) and abase
station. In order to accomplish this synchronization, the UE, through the cell search
syhchronjzation system 10, utilizes an initial cell search algorithm, to be disclosed
hereinafter. '
[0029] The step 1 algorithm of the initial cell search algorithm is accomplished
using the step 1 module 12. Referring to Figure 3, the step 1 module 12 comprises two
Hierarchical Golay Correlators (HGC}) 21, 22, two absolute value modifiers (AVM)
23, 24, a decision circuit 25, a normalizer circuit 26, a look up table 27, a multiplier
28, a splitter 19, and a step 1 comparator 29.. The root raised cosine filter (RRCFIR)
{ shown isnot a part of the step 1 module 12, but are illustrated therein to provide a
- complete picture.
[0030]  The purpose of the step 1 module 12 is to find the strongest path over
frame worth of samples the UE has detected and determine the chip offset of the
strongest path. The RRCFIR 1 coupled to the splitter 19 is a pulse shaped filter that
samples the downlink communication signal from the base station at twice the chiprate .
and forwards the sample signal to the splitter 19. The splitter 19 splits the sampled
signal into its even and odd samples and passes them to HGCs 21, 22.

_- 4.



[ 0026] Fi gures 15A and 15B show a- flow diagram of the controller w ndow
exclusion logic in accordance with the preferred enbodi nent ofthe present

i nvention. [0027] DETAI LED DESCRI PTI ON OF THE PREFERREngNF%g;leh@NT [ 0028]
The cell search synchroni zation system 10 i n accordance W the preferred
enbodi nent_of the present invention is illustrated in Figure. 1. The system
10 conpri s¥Q0206FFkp 1 nodule 12, a step 2 nodul e 14,1"3’[@?’@&% nodul e 16,
and a controller 18 to acconplish synchronization between auser equi pnent
(UE) and abase station. In order to acconplish this synchronization, the
UE, through the cell search synchronization system 10, utilizes an initial
cell search algorithm to be disclosed hereinafter. [0029] The step |

I ith he injti I h.al ' ' ish [ th

step 1 moddtl 1. "R Al 55R emE 43¢ AYRE 21,5 R B9 conpr Pses two
Hi erar chi gfdctol94 @sthdspsp Bhafol 19 (flkdeded 2iFigdré 5), b doRsédbeRinagbrie nodi fiers
(AVM 23, 24, a decision circuit 25, a nornalizer circuit 26, a | ook up

tabl e 27, HeCadlLt22woirelate tkgPSCofthe inpetsignalo As thesg skilled ingherardawpar at or  29.

1 modur o, B MGER1EPE MR e lipleh Wittt Pt BB ol ol o5 o

[0030] Thgguragedively, THEHESN, 32 st fe fodwhrded © thd AVMs DB, 2atahdngest pat h
over a frame worth of sanples the UE has detected and determ ne the chip
of f set of thepamplesdlestyd4t path. The RRCFIR 1 coupled to the splitter 19 is a

pul se sha@tca%bb]fi | t °tm2$’%&ﬁﬁdgﬁgﬁwggg§2%g&%9% | QRuf1 gnal from

t he base ion at twcehe’chmp ra r war e sanpl e signal

. to the spis,dét@inidexhe thAgnitafiés of the HGLS 25,20] dgRatidikto Sensiatedhb maphipadels i nto its

even and odd sanpl es and passes themto HGCs 21, 22. -4 26 August 2005 WO
02/ 06955 1is petpymingdacoording tp thsdaliowingequetion .21, 22 are coupled to the AVMs 23,
24, and the sanple selector 34 ofthe step 2 nodule 14 (illustrated in

“Fi'gure 5), to be disclosed hereinafter. HGCs 21, 22 correlate the PSC of

the input sigabdx)~Asax(Rohdx s+ 0.6thinx LHeaht know, thBqud@@si21, 22 out put
t he conpl ex val ues of the even and odd sanples of the input signal,
respectively. The HGC 21, 22 outputs are forwarded to the AVMs 23, 24 and

the sanpl ¢35l §fthO4pprokimated absolute value in accordance with Equation I reduces the
hardware required in this implementation and causes no significant performance
degradation. Once the approximated absolute values have been determined by the
AVMs 23, 24, respectively, the modified even and odd samples are output to a
decision circuit 25.
[0033] The decision circuit 25, coupled to the AVMs 23, 24 and the controller
18, determine the chip offset. The modified even and odd samples output from the
AVMs 23, 24 are input into a MUX 8 within the decision circuit 25, and combined
into a single stream. This stream is & representation of the strength of the signal
transmitted in one of the samples of each slot of each frame. As illustrated in Figure
2, there are two thousand five hundred and sixty (2560) chips in each slot and fifteen
(15) slots in each frame. Since the input signal is sampled at twice the chip rate, there
are 5120 samples in each slot. Therefore, the decision circuit 25 determines the
location of the PSC in the signal, chip offset, by sweeping through the 5120

accumulated samples at the end of each slot.



[0032] The AVMs 23, 24, coupled to the HGCs 21, 22 and the decision circuit
25, determ ne the magni tudes ofthe HGCs 21, 22, equationto generate the
magni tudes is determ ned according to the follow ng qugk&&&zbm@bs(x)-
max(Ilx, j, [xu 1) + 0.5*mn(Ix, j, jx;, 1) Equation | The uSe ofthe
appr oxi mat ed absol ute value in accordance with Equation 1 reduces the
hardware r¥Q0%%E in this inpl enentation and causes ¥3'SPPRF i cant
performance degradation. Once the approxi nated absol ute val ues have been
determ ned by the AVMs 23, 24, respectively, the nodified even and odd
sanples are output to a decision circuit 25. [0033] The decision circuit
25, coupled to the AVYMs 23,24 and the controller |S, determne the chip

of fset. The,podi fi.ed even and d S.out puf, f V| 23, 24 are.
Choue i ot GO T BT e b b AV rofifcet o bh Bl RBIor S 23 24,

S! ngl e S UgHoam) wTﬂhhﬁthéHéﬁﬁéﬁbi&cuﬁ TR PTIES edthmulafp hey a fike tsdukMidaine of the
signal transmtted in one of the sanples of each slot of each frame. As

i | Tust r at bendred apd fipnty (5120) samplelong webswowbidbearsnie proveultaddrmaleand si xty
(2560) chj ' fLfs ' f . Since the
I nput si g{ﬁ% e‘f"ge“?g%r%’!ﬁ é%c%g’?a%\?\nnecéeﬂct ﬁ%&éﬁi&%ﬁe&fﬁé?&ghg&eﬁ%ﬁ eogﬁgg sanples in
each sl ot sigrldd é5reidhrs@mple iits si6tdd sildediiothd strengdth ahedial of saclssatdpde inl ocat i on of
the PSCin the_signal, chip offset, by swee ing througﬁ_é{orle 5120

accunul at SrssaRpqEent lot. iAsansxample, deshmplewef slof & compriseditolions Wo 02/ 069551

* accurnl atap i Rapsils 507} 8 BB AP ettt el g R Ll 2t or

accumul at O not eclsion circul

. has a fi verenpihuahmes{ 48,3 } hiidiikllgitha nepisteseof the {doddGlhtos hayelthe vadmg r egi st er

whi ch stores the accunul ated sampl e val ue for each slot of_.every frane,
and opera{(éioxg?r t‘g\‘ée%‘f gamplg xaluerrony slop | 6 1pddgd fonthe tepigieEy oﬁﬁa,e each sanpl e

© in a slot.d : _ 01 S e in every
""subseq"ue'n%dcgﬁqggg?’%é geﬁisghggﬁnf&%%% eegicg{régggg %é}qéﬁtgce’ﬁﬁgﬁn%?{ﬂgéet the .

f ol | owi ngsangilgvaite off slatrigis addal toebe fifs fegBier Value, lthe s@nmiubtordias gleot 2 conpri se
L0 ol P G b GBS s e il 71T
slot 1 is3ffeqalul thdGech@iafd: Bas Xl valud€ {1,5,0,0} and so on. Once the last

sainple value of slot 1 is added to the accumulator, the first sample value of slot 2 is

added to the first register of the accumulator, resulting in the accumulator having the

values {3,5,3,7}; when the second sample value of slot 2 is added to the second

register value, the accumulator has the values {3,9,3,7}. The preferred embodiment

of the present invention, flushes the registers of the accumulator after five (5) frames

have been accumulated, which is equivalent to seventy five (75) slots. The number of

accumulated frames is counted by a step.1 counter (not shown) within the decision

- circuit 23,

[0035] A decision, determination of the chip offset, by the decision circuit 25

is generated at the end of cach frame, fifieen (15) slots. The decision circuit 25

determines which register in the accumulator has the maximum accumulated sample

value MAX and assigns an index to it. The index corresponds to the half chip location

of the PSC signal for the base station with the strongest signal.

{0036] Chip offset assignment is determined vsing the HGC offset value of 511.

As those skilled in the art know, the output of the HGC are delayed by 256 chips.
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accurul ator, the register values change accordingly. For instance, when the
first sanple value of slot |I. is added to the first register value, the
accurul ator has the values {1,0,0,0}; when the second §@Rﬁﬁ§2&ﬁ'ue of sl ot
i is added to the second register value, the accunulator has the values 1
1,5,0,0) and so on. Once the last sanple value of slot 1 is added to the
accumul at VO ¥HKE% i r st sanple value of slot 2 is adfEFNEHhe first

regi ster of the accunulator, resulting in the accumul ator having the

val ues {3,5,3,7}; when the second sanple value of slot 2 is added to the
second register.value, the accunul ator has the values {3,9,3,7}. The
preferred enbodi nent of the present invention, flushes the registers of

th t, t ' 5) . h b | at whi ch i
e val entPabBis, Bhiajhe deabiorpibuilds e B AL AR S BEAC o 1 anes i s
count ed byffat Gdiemdst 56 sWHAbted. SthoeTROVEU isWish bBhips fohe ﬂ@g&ﬁlﬁgoﬁi reuit 25.

[ 0035] A decision, determ nation of the chip offset, ci sion

- circuit 29wWbitraclingdbaeHGCoefTigt from dhedndexofquatasto Seitimghe ¢hif offshito(the) sl ots. The

decision gjecuit 25 . de m pes whi.ch regi.,ster i.n . acc | ator has the
ot . afoee B ol S ot iy a8 ol A BERHAR, T The | ndex
cor r espongs HGC offSet Ralub of 131 P tHep @t dh@iNoffRf ist daRulRG if Iagddfdanéewith he base
station with the strongest signal. [00361 Chip offset assignnment is

det er ni neBAUgEPHY bEIRW: HGC of f set val ue of 511. As those skilled in the. art
know, the output of the HGC are del ayed by 256 chips. -6 26 August 2005 WO
02/ 069551 PCTI US02103217 Therefore, when the decision circuit 25 assigns an
.. index in the peak chippiieest ~INDENGG110f fset val ue nust beEqutibi2cted. Since

¢ the PSCis 256 chips long, 512 sanples long, subtracting the HGC of fset
fromthe index equates to setting the chip offset to the beginning of the

slot. If i ! i It i reater tha
P10 ot s BRGHEAE AD oIE R B By G el o (e
accor dancecuidhdve vith Byuaidon Pbdded:ow. chi p of fset = I NDEX - 511 Equation 2

..... If the index is |less than the HGC of fset value then the chip offset is
cal culated in. accordance with Equation 3 below chip offset = 5120 +

- INDEX - 511 Equat i@ 3ffset=5120+INDEX - 511 Equation 3

[6037] As illustrated in Figure 3, the decision circuit 25 also comprises a mask
generator 5, which is used to exclude a window around a rejected chip offset from
detection by the decision circuit 25. This mask generator 5, therefore, prohibits the
decision circuit 25 from utilizing an index associated with a rejected chip offset. The
details of the mask generator 5 will be disclosed hereinafter,

{0038] The calculated chip offset and the frame count step 1 counter are output
to a controller 18, to be disclosed hereinafter. The decision circuit 25 also outputs the
maximum accumulated chip value MAX and the accumulated chip value OUTPUT for
all registers. '

[0039] The accumulated chip value QUTPUT for all registers is output to a
normalizer circuit 26, where it is sampled at 20% the chip rate (one out of five),
summed, and then normalized to 1024. The frame count step 1 counter is output to the
lookup table 27 to determine the proper gain factor based on the number of frames
accumulated. The output of the normalizer circuit 26 and the lookup table 27 are then

- -7-




[0037] As illustrated in Figure 3, the decision circuit 25 also conprises a .
mask generator 5, which is used to exclude a wi ndow around a rejected chip
of fset from detection by the decision circuit 25. Thiszgﬁaﬁmg&gerator 5,
therefore, prohibits the decision circuit 25 fromutilizing an index
associated wwth a rejected chip offset. The details of the nmask generator
5 wll beWBEM%8Hed hereinafter. [0038] The cal cul atPEFVERIOPLILf f set and t he
frame count step 1 counter are output to a controller 18, to be discl osed
herei nafter. The decision circuit 25 also outputs the maxi num accumnul ated
chip value MAX and the accunul ated chip value OQUTPUT for all registers.

[ 0039] The accunul ated chip value OQUTPUT for all registers is output to a

[ i it 26, . Lt | ed, at .20% th ' t t of
fvey . ot bythg maalerd mor g SP R moBialersRd onstirbBNBRE e 1 count or
|5 out pUtTHeibiaag 1TkHRILAD hed T oARASLPLIIELA20!BBeRbARREI @AY factor based

on the nunber o rames accunul at ed. e output of the normalizer circuit
26 and t heatinukascunaibdted @fple valohBIAX, 7121 mexjuere ROOSule] 6aM069551

N A D b Al
conpar at of f rsfdﬁi tﬁrﬁgqigdapt@ﬁle%ﬁﬁalﬁ%&i@a&ngga gobddeisiondfer yip/1at ed sanpl e

val ue MAX. ~the maxi mum accunul at €d sanp value MAX is greater than the
Noi se Thratkerwise a lavheignnl fsfoutpbt i al anplifier 29 outputs a high stepl fir m

.‘signal t contyrollear, .indicati a d decision for 1, otherw se
- a low si aﬂg‘f{ﬁl s Olﬁsaﬁke%ef%lggigiecﬁg)og@g%(go gropﬁ)él*s’aretr%ém l'iie%%f(;tg?set and ot her
. . outputs aind ofletery e dTiRtefbidfthe fuliEbilify GTVIRS Hitstldedision isTlegiehaha of t he

reliability of the first decision is |less than that of _the second because
t he secorfBe srsend besause shaegendodesisiants mage evesthirty slotsdasteadrofiiiffeeken sl ots. .

; The reliapili | . r | edw L Ncreases. The
ennet! Shp e S35 RS, ke BUAREor Pl SEAbRARE B b ner 250, TS

greater Hifiest oliabkooimput igeperteil) the Mikth Game, Ml lbeing 1l integeeigteatehe frame count

step 1 counter and the accumnul ator re%;F sters at the end of eﬁ\{ery Mth

frame. THBap oA faenedl) ehgicesirolioh hresdls the Spwe cou sish d Icovierand nent  show

that fivefh%&:ﬁ&u{?{e&g%gﬁaégrée%ééncﬂ&%%ﬁiﬁﬂﬂ EOTHEpERSmERG rebiigeVer . this

! integration can 0 nore 0O ess franes.
. under different channel impairment show that five-frame integration is good enough

to detect PSC. However, this integration can be changed to more or less frames.

[0041] A flow diagram of the step 1 module is illustrated in Figure 4. The UE
detects the receipt of communications over the common downlink channel (step 401)
and samples the signal at twice the chip rate generating even and odd samples (step
402). These even and odd samples are passed to the hierarchical Golay correlators
(HGC) 21, 22 (step 403). The HGCs 21, 22 then forwards the outputs to the AVMs
23, 24 and sample selector 34 (step 404). The AVMs 23, 24 approximate the
inagnitudes of the even and odd outputs received from the HGCs 21, 22 (step 405) and
forwards them to the decision circuit 25 (step 406). Upon receipt of the output
magnitudes the decision circuit 25 combines the magnitudes (step 407), which
represents the signal stréngﬂl of the signal transmitted in one of the samples of each
slot of each frame. The signal strength for each sample is accumulated for all slots
within each frame (step 408). The decision circuit 25 then determines which sample

in the frame has the maximum accumulated sample value (step 409) and assigns an
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[0041] A flow diagramof the step 1 nodule is illustrated in Figure 4. The
UE detects the receipt of comuni cations over the commmn downl i nk channel
(step 401) and sanples the signal at twice the chip ra@@Aﬁ%’ﬁt@P%ﬁi ng even
and odd sanples (step 402). These even and odd sanples are passed to the
hi erarchi ¥ 0206958y correl ators (HGC) 21, 22 (step 4FINUSOZEUTHGCs 21, 22
then forwards the outputs to the AVMs 23, 24 and sanple selector 34 (step
404). The AVMs 23, 24 approximate the magnitudes ofthe even and odd
outputs received fromthe HGCs 21, 22 (step 405) and forwards themto the

Qutputs recel ved | =p 490) a S i fiee th
oect o o BeF D AT BRI G vibel! SoBhRlbntRe e o
1ot "of AL, kpBYsLat the (i THEE Hhd SRPR e Lo o BECIP b AL AE TR R8sty Tor
al | sl otthreshioldwalueaeihehipRABratsd mgﬂ@acciﬁhgm@&éﬁ QAlURfHEM farﬁélg% b&g

determ nes which sanple “in the frane has the naxi frum accunul at sanpl e
val ue ( sthefratf@younti(steps4 t3)samhthes cafphugliss thaGRaxivnd 2¢QGAGREd sample

PCTI U502103217 index to it (step 410). Based on the index, a chip value is
assi gnedvalee (step 414k indicatinga figmiontentativedecisionlte therioptrotles B (stend] Hut put

usi ng t ROORE aﬁé@géhgﬁééé?%@a%%ﬁ? ogéa?»léqes °E§@¥al:trﬁ§d$1§§%29” o (<t op
413 ‘ ' 414),
ol cat DA P BFte aia0tef o GRbE, A ERRB0EE G BT ol Ty cphids) ¥
00421 BRhflleh S ebioptch o ool YnOURS Mol Pe ShERue TR 2. e

" chip offset, step | firm an [ counter, are torwar

cont r ol Isesp 28nodulétiel uttlirdsr0dtbp R aAlSofidinywiish takes e shipbFsef otPut Benst ep 2
nmodul e 14. As stated above, the step 2 nodule 14 utilizes a step 2-

al gor i t Istepni ard thekBESE 17d, ORi quiphissatd detegtstthé stonoffieepnd thndoddgragC 21,
22 outputs and _detects th& sl ot offset .and the. code group . nunber. The:
step 2 MegRP- 1As step danaduls Idilipsiseted isFigugepr sesaprisesarsiep 2 compasatat or

36, a Fale s Gy G R SRR b cosgstiy 30 bl GO 5 2 Bt | Rt
. Wr) S o 5.2 | mpu
[oous) PERPRSLATrdn oo BT 330 GRARfcllferefibbery £ e AR b Sl 3S,

al gorit hmR%hbodét@'é%ha@Htéﬁlg deeffordédiae pginber and the slot offset. The
chip offset fromthe -

[0043] The purpose of the step 2 algorithm is to provide the step 3 algorithm

with the scrambling code group number and the slot offset. The chip offset from the
- step 1 module 12 is sent from the controller 18 to a delay 32 of the step 2 module 14.
The chip offset is delayed for a frame through the delay 32 in order fo allow the step
1 module to make a first decision. The delayed chip offset is ﬂleq forwarded to the
sample selector 34 which is coupled to the delay 32, a conjugator 36 and thc,Hg_Csl.Zl,
22 _(_)f the step 1 module 12. Using the index determined by the decision cif.cuit 2_5, the
sa:hple selector 34 extracts fhe peak HGC 21, 22 outputs from the input signal, which
are then conjugated by the conjugator 36 and output to the complexl_multipligar- 38.
[0044] The same communication signal to the step 1 module 12 is input to an
alignment circuit 15, which aligns the input signal so that step 2 module 14 begins its
search for the scrambling code group number and slot offset at the beginning of the
slot. Once the signal is aligned, the alignment circuit 15 forwards it to the step 2

‘module 14. Even though there are two thousand five hundred and sixty (2,560) chips

9.




step 1 nodule 12 is sent fromthe controller 18 to a delay 32 of the step 2
nodul e 14. The chip offset is delayed for a frane through the delay 32 in.
order to allowthe.step | nodule to make a first deciséﬁgi Jaﬁsdelayed
chip offset. is then forwarded to the sanple selector WA En”i s coupl ed
"to the delay 32, a conjugator 36 and the HGCs.21, 22 of the step | nodule
12. Usi ng Wh&%dex determi ned by the decision circFCTUNE0%he sanple

sel ector 34 extracts the peak. HGC 21, 22 outputs fromthe input signal,
which are then conjugated by the conjugator 36 and output to the conpl ex,
multiplier 38. [0044] The same communi cation sign a] to the step | nodul e
12 is input to. an alignnment circuit 15, which aligns the input signal so

t hat. step, 2 le 1 ) ' f h li d
Number - anih RN aud bShrarrat b Fider s eESE B GRd RBEARE o gnal i s
al i gned, s%eciald GTBINNIOET Bfidh the iy bRl RESoch efeRninbE b9 iRPster?1 MOdUl € 14,

¢
Even though there are two thousand five hundred and siXty (Z,560) chips -9
26 August mpade, thaGiep2 npsipkslttcRainisd 18020 @digihé locatinn of the strongest PSGoul d be

t f Fi .2.thatth SCis. | ted wthin.th irst 256 chi
o "ancn sidbe ti P48 shipk it ogh 06 A CesoRGeE BlE wliont PRERSEG oRRS siop 1 |
Todul o, g g8l AALSICOIAIBAICHS S Wbl g, Of e

strongest P in"‘the first 256 chips in eac ot. As those skilled in the

art know, oneisn h&sGome dekogonalily beswendtS€hnd §6Cendes) This envslppehasioi s applied to
the rows of an damard matrix in_order to haye so Lt hogpnal ity between
PSC and S%ee@%eg@;ﬁ)ﬁﬂrgc%%% eﬁwpo{%’np%@t&%ﬁg&%%' gﬁlgceedi ng into
_ the renai éﬂv@ﬁg@ﬁmobﬂrisMwlhpmshéaspthae@den@ekémrﬁhi s envel ope renoval is

y

acconpl i shed t he envel ope renover. 31. &0045] Once the envel ope has been

~ renoved f08#sk hﬁ i%m@n@i?ﬁh@mnmmﬂ om thedupus signal thesignabisenvel ope |
‘ 31 .tQ.t FHT 31
A e i TR i e R g N

correl ati Rmoepsl akd ﬁﬁltiﬁ!li'_é@& evhichi redwss the kogplegity 6Mthe bulelfadmidrdst r uct ure.
The output of . the FHI transform33 is nultiplied y]Ehtéhe coqr;j ugate of the
peak HGC gorrelation pperytion. Figyrph isyen iftpstrationjofthe PR Tsgupiuee Ihg ovlpat lonj ugat or 36

209 Lo sl et SRR B e outut o
transf or neoniglex waleipkur 38 youpled todly copfugaos dud th WHT transfom 33, €fheSSC code onto
the real w56 of the conjugate of the peak output from the HGCs 21, 22 provides a phase

correction fo the FHT output and transforms the one entry that corresponds to the

transmitted SSC code onto the real axis.

[0046] Once the FHT transform 33 output has been multiplied in the complex

mulitiplier 38, the real part of the FHT outputsr are forwarded to the input mafrix

generator 35 by the multiplier 38, which puts the FHT outputs into a real matrix of 15

X 186, called the input matr:x -In the input matrix, there are fifteen (15) slots and in

each slot sixteen (16) elements for a frame. The input matrix is updated per frame.

The input matrix is then forwarded to the decision circuit 39 where a determination of

the slot offset and code group number are made. The structure of the input matrix is

illustrated in Figure 7.

[0047] A correlation matrix is generated within the step 2 decision circuit 39

using the input mafrix 35 and a known code group mafrix, which resultsina 64 X 15

matrix. The correlation matrix is reset when the frame counter for the step 2 module
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[ 0046] Once the FHT transform 33 out put has been multiplied in the conpl ex
multiplier 38, the real part of the FHT outputs are forwarded to the input
matrix generator 3 5 by the multiplier 38, which puts gggmﬁgﬁmgutputs into
areal matrix of 15 X 16, called the input matrix. In the Tnput matrix,
there are fifteen (15) slots and in each slot sixteen (16) elenents for a
frame. TheVPA¥U¥SShatrix is updated per frame. The i #ix is then
forwarded to the decision circuit 39 where a determ nation of the sl ot

of fset and code group nunber are made. The structure of the input matrix is
illustrated in Figure 7. [0047] A correlation matrix is generated within
the step 2 decision circuit 39 wusing the input matrix 35 and a known code:

trix.  which. tSy. | 64, X 15 trix. Th | ati trix i
Peoet whetsedtics NP Sthifef Bl e idebogh e gt mdt ot ndet o B58stele Bl 2005 vo
02/ 06955 ledrfelation Bibdri ) 1décision eitétsit IWsteps HiFbagl eablPof tablefibms bPRd i n the step

|. nodule. In order to generate the (correlation matrix, the decision ,
circuit 3%dswEpp mm@ggtb@zﬂqmeﬁts affilkee inpatmeitis 3 fin ageerdancsawitiythéup natri x and
t he el e”e&#uﬁ)géﬁﬂa%l jnput matrix, 35 in accordance with the equation 4
bel ow. cor rx |8T' [j]+= Equation 4 inputMatrix [Ic] [code_group matrix
[1] [k]] where |j is an integer increnented fromO to 14 by 1, that
represents cyclic shifts perforned on the identity matrix with respect to

colums; i is an if filidterented from 0 to 63 byEquationfd k is an
i nteger i ncrenent eidpy 1 [sode4groyp matrinB] Edk uct ure of the code group
matrix and the resulting correlation matrix are illustrated in Figures 8

.and 9 respectively. Once the correlation matrix has been generated, the

maxi num  whdré ¥ id an imépesindiérieited GG 6 it®14 Gy NG tat repfosenth Bydtiershigpondi ng row
of the found nmaxinumentry is the code group nunber and the colum is the
sl ot of f sesrformerborgthe &leptity matrixovithyssnepldp columpsy i isen fteger fncramentedx correl ati on

output' a R 2Rk D0k b iRt onk ORI BL P T ket 0 i

deci si on,thetddergrnganairik el the gadting relitipuinatriArcitihdtiagddn Fipark 8t i ve
decision. The threshold value is cal cul ated using the mean nagnitude val ue
of the cAdd sppeshvelnt Pnge the correlation matrix has been generated, the maximum
entry is found by the decision circuit 39. The corresponding row of the found
- maximum entry is the code group number and the column is the slot offset.
[0048] Similar to the step 1 module 12, ifthe max correlation MAX 2 is greater
than the threshold, the comparator circuit 30 will outputa high step 2 firm signal to the

controller 18 indicating a firm decision, otherwise a low signal is output indicating a

tentative decision. The threshold value is calculated using the mean magnitude value
of the correlation matrix:

(e 1 Equation 5
Th=k %[szag(cﬁ)]

=0 j=0
k=512, P, =107*

where Py, is the probability of false alarm. The step 2 module 14 ouiputs to the
controller 18 the code group number, slot offset, step 2 firm, and step 2 counter.
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53 14 Th = k WO (~Zmag(q j=0 k=5.12, Pf, =10_4 Equation 5 where PrA is
the probability of false alarm The step 2 nodule 14 outputs to the
controller 18 the code group number, slot offset, step %%% 0gnd step 2
counter. -11 26 August 2005 WO 02/069551 PCT/[TSO2l 0321 The fl ow
diagramfor the step 2 algorithmis illustrated in Figure 10. The step 2
modul e r ec¥® @®6958the communi cati on signal fromthe bd$a8&MHNbn over the
downl i nk channel (step 1001). An envel ope sequence is renoved fromthe
comuni cation signal (step 1002a) and output to an FHT transform 33, (step
1003a). At the sane tine, the chip offset fromthe step | nodule 12 is

I nput to a deI ay 32 in the step 2 m)dule 14 (step 1002b) and forwarded to

| t t d t put ted
by the PleSly. % sthsaopztm e S Fetporol MitluBbed i timEE M AN 0T 1 26 Cstep
1003b). T Q%Mie fé&ﬁé&%&'ﬂ&h&ﬁz@a{oﬁ@@a from the bhdeeytatith dvériheed by the

conjugate o e peak even or odd sanple output fromthe sanple selector
34 (step ﬂlﬁ)ﬁﬂhkaﬂhdnmda(slspom%) orfn emetape ofequdnee HiTemovedufiomhiie corr esponds

out puts 1 GrEEReh dendt fep RoadahTodi S vt raastE B A 1
gener at or AgfheHh&me Jtﬂé)&ﬁp oK ot stét flbdule $P & iah@to S&ldyB2inCr eates the

I nput .matrix (step 1007)." The input  matrix is then f or war ded to t he
‘deci si on dherstepi2 mBé.llcdlldsIB}eliﬂQZbéand@ﬂ&Md@d t9f 4 sample seleptarddewbicBup nunber

Coc o on ettt e bk i Pl By FRliy L drT 28 o8B e (he

- correl atlﬁi&dﬂauzbase@a&th%m@oﬁawmmb)tmaed&ﬁats)fmemnmtbmaa | ocates the

maximum entry in the correlation matrix (step 1010 for whi ch t he

cor r espond} isghenawltiglied hy: thefconjngntenfihansak aien eyoddsampleantprHem 8 ve t he code

group nunher up nunber and
Phe' 'Sy ot " BPieE leckdd - Bt TTD0ME pug bpdftg i o s b o T AREAE 1O
t hr eshol dcofadsptﬁdsﬁ)th@ssce@dmoaheﬁamismgeﬁstnemlcearpgmofmeiﬁﬂval ue of the
correlation matrix (step 1012) and corrpareql to the max géel ation (step

1013), f oPyiawty fmgﬂ%lqtma@am&@w fgrwagderdite facdwput Eﬁf“ﬁ‘tge?}%"aﬁé f%n to the
' 1006). The input matrix generator 35 then creates the input matrix (step 1007). The

 input matrix is then forwarded to the decision circuit 39 to determine the slot offset

and code group number (step 1008). Utilizing the input matrix and known code group
matrix, the decision circuit 39 generates a correlation matrix (step 1009). Once the
correlation mafrix has been generated, the decision circuit 39 locates the maximum
entry in the correlation matrix (step 1010), for which the corresponding row of the
found maximum entry is determined to be the code group number and the column is
the slot offset. The code group number and the slot offset are then forwarded to the
controller 18 (step 1011). A threshold value is then calculated using the mean
magnitude value of the correlation matrix (step 1012) and compared to the max
éorrelaﬁon (step 1013), fonvéirding an indication of a firm or tentative decision to the
controller 18 (step 1014). '

{60501 The chip offset output from the step 1 module 12 and the slot offset and
code group number output from the step 2 module, are forwarded by the controller 18
to the step 3 module 16, which utilizes a step 3 algorithm for the purpose of

determining which one of the primary scrambling codes is coming with the least
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controller 18 (step 1014). [0050] The chip offset output fromthe step 1
modul € 12 and the slot offset and code group nunber output fromthe step 2
nmodul e, are forwarded by the controller 18 to the step,gdagRdybs 16, which
utilizes a WOl gorithm for the purpose of determ ni ngeadtughnsie of
the primary scranbling codes is conming with the least -12 26 August 2005 WO
©021069551 PCTI US02/ 03217 probability of false alarm (Pri4) when the code
group nunber is given. There are eight primary scranbling codes in each
code group... ,;[0051] The block diagramof the step 3 nodule 16 is
illustrated in Figure 11. Simlar to the step 2 nodule 14, the '

. comuni capiababilitgdifalisals _ c&lag al:i gn t. c.rcuit, 17 whi.ch
aligns the _i;npUt':--tgi gnal so-t ?1 59}‘?E§n§%‘ep? - »W@B&ﬁ[ﬁs hergageeaghty 1 or
t he scr ampimwsmummgeod@tm@gheg&gfﬁ of the frame. Once the input-
si gnal has_-been aligned, the alignnent~cifcluit :17 forwards the input’ signal

to the stel03ldodul el blothdiagrap of thedtdpes anmild $65s Ri@RatdBin ﬁ@g%gpi,i ng
L L , a

. code geneéﬁ%ﬂis 401..°.40%, eight (8) corretator circuits:4; T,
noi se est | WERBRL &t fep modulesidptie cotmmiwication signalt istinpua t0e€ k&doad
support ci .t 4 gai,n ciycuit 46, and a conparator circuit 47. .The
code gr oupzﬂ Sa %%“ﬁer gtbe‘ﬁ}%ﬁé aﬂﬁ'és él‘;ep BPibH dusignal 40 ithat jthg step Somodmde 161 ght
(8) scranbhd itods, 01..408 d ranbl i ng codes are generated
~ therefrom %g ‘out pucﬁqé;l)lfe{htg tﬁg{aé%) ﬁg%ﬁ?%ﬁu@aﬂﬁé‘% 3@%&3&"‘6}%"%& frameg@npasthe
¢ forwar ded: ingutt 4i8nal 164 | . cqrr el at or. 41X, respectiyely. B
© [0052] Al ong‘f?-?ﬁ t hegé;gérdzla] ?‘ﬁggglg@{é‘é&éﬁi‘%‘ﬂf VSR thet 5 g o the
- gener at or sstap 3. medde] 6.NEhesep B mahilé 86mBHIEAiohey - S} :
r eal i‘gnrre'?f# circuit "17. uesrimﬁg’_'t he--*&'hi’% of f Sl%?ﬁ@%ﬁérgﬁ%@ﬁﬁ?%d&,?ge@éPg% from
the cont r ffQierdOsge1ght ()rporelatarceitduits, iy, 1. dll gteoneisd éstimatbl Sircli4 L o i) gt or s
411...418 yti.l.i zé.nogaéohgrent integrdtion over a certain numbér of slots.
Integrati O URR WL Far2 doGisipn SEpROLt eierit 45,Th gainauiroudt 46, iamd 4 sompatator

h t vyt Ql t hat. : to the 256-chip data.” Th
2bsol ut e WAt A7 ThER ot Bhfer eHRle dyba st medete L4 inpot to e
synbol s petighi £ ' er,Pf.. sl oth be- accunul ated from
t he begi nn‘ilﬁg (()g%myrjgﬁr%?&#éné%l S NG Jei,‘@'é‘l'do({g':- e ﬁﬁug é’r?%%@?%ﬁ?‘beri“@ﬁg

ocumol At ons are. mude. ey AesaBIbliugREL Lohe dRict 102146 1s Wthvdilito the
'scrambling code correlators 41,...41, respectively.
[0052] Along with the scrambling codes output from the scrambling code
generators 40,...40;, the communication signal, after processing by a reali‘gnment
circuit  "17 using the chip offset and slot offset output from the controller 18, is input
to the cortrelators 41,...41,. The correlators 41,...41 s_ptilizcnon-cgh‘erent integration
~over a certain number of slbts. - Integration can ;'bc_: -over multiple frames. The
ggr;ela_tion is made coherently for each, symbol that Qor;cspoﬁds tothe 256-chip data.
The absolute value of the _correlatiog results are accumulated over 10 * N symbols per
ﬁ:gme, where N is the number of slots to be accumulated from the beginning of a
fr_am_e, In a single slot there are ten 256-chip long data parts; therefore, ten 256-chip
coherent correlation and ten accumulations are made per slot. Figure 12 shoﬁs the
details of a correlator 41,. _
[0053] After the correlators 41,...4 1 generate the outputs, the maximum output
- and its index have to be found. The step 3 decision circuit 44 takes the outputs of the

scranlbled C-Od¢ correlators 41 f.‘,"f?‘l,s_,.:deFC@m_CSfﬁ}ﬁ correlator 41,...41, with the
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details of a correlator 411. [0053] After the correlators 41, ...41
generate the outputs, the maxi numoutput and its index have to be found.
The step 3 decision circuit 44 takes the outputs. of th%s:%ﬁ& | ed code

- correlators 411...418, determnes. the correl ator 411:..4& wth the -13 26
August 2005 WD 021069551 PCTI US02/ 03217 maxi mum out put, and generates an

I ndex t her®®RATRY | ndex i s the scranbling code numPsAUSR{RIECcr anbl i ng code
nunber is then forwarded to the decision support circuit 45 and the
controller 18. The decision support circuit 45 observes the |ast M

deci sions nmade by the decision circuit 44. If a code repeats itself nore
than k repetitions out of MB inputs, then the code that has been repeated

is the scranbling code nunber that is output fromthe decision support
circui t 4Mafipupainug apd generates pp index fhgropk r Theripdex s thp seramblingfedeieci si on

support cj tTh%E ' %Mﬂ] 'f'ﬁﬂ 1 Sic | B dgei sion over
t he cons_g%%:é%ie “@%’%Jsc& ver}f% oﬁ%%%%@?gié%sﬁ%g ({)rt gi rcuit is
only il u&k amit the contrdliee 181 eThe3deniidtIsappbt, circuil &S| shsavesthpdast ™M i rcuit 45 as

di scl osed,ih, the st nodul e 16 can be utjlized foy. both the step 1 and
step 2 nisgisioas f?fliigéﬁ%é%%l%m@#é%fn Hiotede rfmmfsek more Haddi sion i s

i ndi cate eg@ﬁ ﬁﬁqgm@ LY. § ' ; ha1:04 eat er than
t he cal cgﬁ tegn%ﬂ?gg ol véﬁﬂ%ﬁ#@ﬁ#%%kﬁe@a ueﬁ?{se%ca| Cl])lP%t ed using
t he noi secods mmidr drat is outpmit fromizhe debisivh supponiswduit 45 tothe sentwllasi$c enent, and a

- gain factor. The noise_is determ ned,by taking the ni tude of the

87T or encRStsYE R P SubE CRSIGR BbBt s AF PombuiiBed ST e et nod of

.. noi se estiy¥id RRisRhloTbr8s Sohs@itive M3 fimbd) FvRR e ﬁe%&ﬂi&@&@g&k’e to _
orthogonal signal iInterference. The result of the noise eStimator 42 is

mul tipli edkciiy izt ordy fhistratbdan the step trheduial 6, iapderision 48pporihditchit 48 aslet ermi ned to

be the thpeshold. .\Wen the termned.. i rel ation i s greater than
~the -cat -c‘{ﬁ-"z‘{s& 1 FPFe*g“ﬂ’o# &Odﬁﬁel%ccﬁﬁﬁ’ﬁﬁlgﬂ%%ﬁ {?‘? %ﬁﬁbﬁf@pé ar?agwps?ep 3 firm -

si gnal i ndbdddsiNA4disclosédBetf btsoven, ot herwi se a |ow signal is generated

I ndicating a tentative deci sion. 0055] The flow diagramofthe step 3

al gori t hrb0p¥Hi | | ush fiem detision iFindigated wien terpingd mgxivum eametpdion out put from
e o1P GRS BB B 1 co0c,
t her ef r onistngtiRPnolsRRetimatdercaitUpihidi is tded ferGoRke Blehdtigertedt an@gpginat ors is then -
factor. The noise is determined by taking the magnitude of the difference between the
__ successive common pilot symbols. This method of noise estimation eliminates any
bias in the noise estimate due to orthogonal signal interference. The result of the noise
estimator 42 is multiplied by the gain factor in the multiplier 46, which is determined
to be the threshold. When the determined maximum correlation is greater than the
calculated threshold, the comparator 47 outputs a high siep 3 firm signal indicating a
firm decision, otherwise a low signal is generated indicating a tentative decision.
J0055] The flow diagram of the step 3 algorithm is illustrated in Figure 13. The
cade group number output from the step 2 module 14 is input fo the step 3 module 16
scrambling code generators 40,...40; (step 1301), which then generate scrambling
codes therefrom (step 1302). The output of the scrambling code generators is then
forwarded to the scrambling code correlators 41,...41, (step 1303). Along with the
scrambling codes output from the scrambling code generators 40,...40g the

communication signal is correlated in the scrambling code correlators 41,...41, (step
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forwarded to the scranbling code correlators 411...418 (step 1303). Al ong
with the scrambling codes output fromthe scranbling code generators
401...408, the conmmunication signal is correlated in the a&ggmgllng code
correlators 411...418 (step -14 26 August 2005 WO 021059551 PCTI US02103217
1304), ‘@Q then generate ten 256 chip coherent correlations and ten non
coher ent &Pt i ons per tine slot (step 1305). THASROHI ated resul ts
are forwarded to the step 3 decision circuit 44 (step 1306). The deci sion
circuit 44 determnes the <correlator with the nmaxi num out put and generates
an index thereof; which is the scranbling code nunber (step 1307). A
threshold value is then calculated (step 1308) and conpared to the nmaxi num

correlati . TRXI MU corne | atio value IS greater
than the ?q Z%@e‘%%%@ﬁq&%i%éﬁg@g%oﬁﬁ%?n@ apgd MPBLT{QI% o high step 3
fine si gnadcmjmlaﬁmlsb&]tﬁl)c slotbtep1308)s Thé sochiultfe@ red@lfsi a8d ORvAddGoHne 44

out putti ngm}%1 scranbljng code nunber to the controller 18 (step 1311).

Ot her wi se S"F‘g‘rﬁfz&}“t s(SteBdt?’B@t The derdsion aireud ‘Fr‘eldet@&ll(l@t 1312) and

Egtee;crlggg%deq%? nce thé deC| Si gﬁ’ supp%él?m%s%g??(f g‘oﬂ@? S thgl Irgglttl\/g5

deci si. onssamenldingyodemambeitsp mmIAMSholééaluﬂsﬂiéﬁaﬂ&hat&lxs&ﬁ@@OS)nunbef I's
outputto %qtbc;: controII r 18, when a scranbllr;%acode re eats itself ktimes out

~ of MBinp 9 ynaxjupye oprretaticn Yaluey(sisacié0®s Hi e meaximumne control | er
- 18 Corrpr'&ﬁ‘&la@mﬁ%l@éﬁ%@ t‘ér.qhﬁlthé’&{ﬁl‘ﬁ{t Inh% cs@e oﬁﬁlteeig ﬁlﬁlﬂ? of f set

. counter 11, a rejected primry scra 13, arej
. ectedd prahrghste;si:ﬂmmgual@tepmM),mnmutﬁmﬂaedéezsioﬁbmumgu@unmgcuit 2 and a
W ndow exe usm@qgﬁgéc ci.rcuit 6. E? ntroller 18 is used to nake better

. deci sions cdHibeEto tag qontzel ?Pdéﬂ)t Riacerwisqadovsigitle with the
- preferre mg@gﬁ f 3"%3 3391?&][3 Hw di agr am of
© the deci gllsgn | ogi c ustredggrbwﬁeglco trotPf]er %&g e errr%rggtpil e primry o
scranbl i rige decdgon mppeljmubmbﬁ {stepi 13r13)1v| Sihcet the decisins siggoitrirelind®  station is
|IIustrat 14.. The ¢ ler, .18 recejves th ch offset t he
step &gﬁﬁvgﬁ gﬁgﬂs{%odefﬁ@n%{“@g ﬁy @’&?ﬁ‘f‘@fmg » f Sefambling modul e 12
(step 14%1:&@@%%%@&rmh%hg@&mxﬁg% ?éalﬂﬁtsel?ﬁ @ééﬁr 18 forwards

the firmchip offset to the step 2 nodule 14 (step 1402Z2a), otherw se a
t ent at i veold¥s paputs(@en 1314).f or war ded (step 1402b).

[0056] Referring back to Figure 1, the controller 18 comprises a rejected chip

offset buffer 9, a rejected chip offset counter 11, a rejected primary scrambling code
vector buffer 13, a rejected primary scrambling code counter 3, a decision logic circuit
2 and a window exclusion logic circuit 6. The controller 18 is used to make better
decisions during the entire cell search algorithm in accordance with the preferred
embodiment of the present invention.

[6057] The flow diagram of the decision logic used by the controller 18 to
determine the primary scrambling code for synchronization with the transmitting base
station is illustrated in Figure 14. The controller 18 receives the chip offset, the step
1 firm signal and the step 1 counter signal from the step 1 module 12 (step 1401). If
the step 1 firm signal is high, the controlier 18 forwards the firm chip offset to the step
2 module 14 (step 1402a), otherwise a tentative chip offset is forwarded (step 1402b).
The step 2 module 14 generates the code group number, slot offset value, step 2 firm,
and step 2 counter (step 1403). Ifthe step 2 firm signal is high, the controller forwards
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The step 2 nodul e 14 generates the code group nunber, slot offset val ue,
step 2 firm and step 2 counter (step 1403). Ifthe step 2 fumsignal is
high, the controller forwards '-15 26 August 2005 WO 02/£638Rd2005
PCTYUS02103217 the firmcode group to the step 3 nodule (step 1404a).

O herwi se, the controller 18 forwards a tentative code group to the step 3
modul e 16 VR¥531404b) and .if the step 2 counter | FATESEMEULL M2, the step
2 nmodul e 14 continues to generate the code group nunber (step 1403). | f
the step 2 counter is equal to M2, then the step 2 nodule 14 is reset
(step 1407), which results in the step,2 nodul e generating a code nunber
and slot offset (step 1403). The step 3 nodule 16 then generates a
scranbl ing code  nunber and step f|rn15| nal (ste %&%g@mpﬁ?erated in
step. 140 eﬁ@é@?@u&‘@lptthﬁle§ieﬁﬁm@¥eéﬁﬁpé‘mf ofar@e@mgx f the step 3

f|rm5|g%! t [ 1% nes that the

scranbl i ng co e n&E% éaﬁ@g#ﬁﬁ%qgﬁ}%eﬁ%gh@ﬁw 13@03%@ ogl%ﬁ;r ocess. |If

the step 2300hnﬂems$esgﬂﬁhM2$tHe@wpambduled4sbﬁqmu&sfOIgemrﬁegreabdegrom gh or the

step 2 counter is Iess t han , step, 2_nodul e contj B‘ﬁﬁ%w generate a
e

code grodymbeifsiselefy téﬁihq_srﬁe%w@qﬁ&%ug’éol\%@egm ceives a
reset si qm\'setf('étgg% 72,%{1&41[3&5&ﬂl%ﬁ%%ﬁﬁﬁhéﬁéﬂ@ﬁu&é%dgnﬁﬁb&hﬁd to 0 (step

1407). This pro cont'i nues eci sion output by the step 3
modul e 1Gldatfiset] @tep [1805H8] THowstept D nmdple s there generatds al sctanﬂﬂpugrm;ie error in the

- VCO, | f [ | | ati Ther.ef t he VCO
i frequgﬁg;%zlbég%é&?qpﬁ %5&@&6})@2@&'9% "&%ﬁ%@gﬁé& PFeqﬁency la?ror
- - between thg @(ﬁﬂ nﬁﬁuzr I gﬂﬁ}h{ﬁ@ialﬁﬁfgh,%eﬁﬁé&%lsidﬁdoél@e controller

18 |n|t|aI|zes search freéquency using the f requency synthesi zer
20: Ref ercumngtdeteﬁmgcsﬁamhe soranifling godsuynbey i firosindendpthe deeiiphi ses an

adapti ve .fr,equenc ui AE 4 and vol t cont.r.ol.l.e cillator

(VCE)) 7 deeif y ?ﬁ@é}% 9%&155%‘@11&3?5@ ?%EE))S gnallﬁsce)mﬂf:%‘gg coupl ed to
t he Contsfegld&hné&sa&sitﬁaﬁm\@@st?epzq%am&ﬁﬁn@sw% beeption table
(FAT) and frequenc i step table (FST) 0059 en the control ler 18 is

i nitiali zzhber (tepA03) Shaswisecthe rs@ql?em@glulagmges piveset pigaal H9Bquency in the

F equencyoteir 3y sedi@in A REE R cRE ATy Th Bose b ARERRE '3, "

until the decision output by the step 3 module 16 is firm.

[0058] Due to a possible initial frequency error in the VCO, excess loss of
sigﬁal correlation may occur. Therefore, the VCO is frequency stepped in order to
" control the maximum possible frequency error between the UE and the cell. Upon
initialization of the UE, the controller 18 initializes the cell search frequency using the
frequency synthesizer 20. Referring to Figure 1, the frequency synthesizer 20
comprises an adaptive frequency circuit (AFC) 4 and a voltage controlled oscillator
(VCO) 7 or numerically controlled oscillator (NCO). The AFC 4, coupled to the
controller 18 and the VCO 7, comprises a frequency allocation table (FAT) and a
frequency step table (FST).
[0059] When the controller 18 is initialized, the AFC 4 sets the frequency using
the first frequency in the FAT and the offset value from the FST. This initial
frequency is the frequency uscd by the controller 18 to conduct the cell search. The
FST is a table of step frequencies, or offset frequencies, for example {0, 2, -2, 4, -4,
6, -6..N, <N} which are used to offset the frequency in use by the confrolier 18. The
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FST is a table of step frequencies, or offset frequencies, for exanple {0,
2, -2,.4, -4, 6,-6 ... N, -N) which are used to offset the frequency in

“use by the controller 1 S The -16 WO (P2/f169551 26 Augkigl..q965

P. CT/ USO2/W0B2kideyEANT i ncl udes a plurality of predetern ned preagengshes for
which the controller 18, or a level | controller (not shown) utilize to

| ocate and synchronize the. UE to the. base station. For purposes of this
di scl osure, the plurality of frequencies listed are defined as FO, F1,
F2...FN in the FAT and the offset frequencies in the FST are defined as
SFO, SF1, -SF1, SF2 -SF2...SFN, -SFN. Accordingly, when the controller is
initiali o f - f [ - enc FQ, The AFC
4" conbi nia T st fles % pIREk oF BB Heyen B8R 0 RulchaBK Rt Ter 1 ok ncy
val ue t 0 atiBee] {QCarFol PRt sHkN o util B ke ht&sa&éikgfx}dﬁr ' VE |
forwarded frequency. .| OGOﬁ ; Tﬁ—g c’ont r-qu%:er 18 per: oé@gﬁﬁg%g gllteginagf:ogi C
di scl osegtatibay For phrpaisteof this discibsure othe phaaky dffftequisnids Iist@bar8 defingg does
not go high, the controller signals the AFC 4 to step the next offset in
t he FST, a b, laxBypFie in R EAThed sRcofsdt frequenciadbimtis ESTE ane defifiddas ST,
frequency._wi tht he freguency ofthe FAT, FO+SF1l, and outputs the resulting

f requencépuﬁsghegwlﬁr--%%ﬂ'o%?ﬂ@lﬁ when (e ‘é@ﬂtﬁPﬁ@ isrigtighigeds. the[ 0061]

L e

* control 1Er s dp folihnds b hefliiagadbayRaLE T, Y VOOTR NCGT BhiblT . aec
-4 resets,ﬁdﬁqa@'{h@tfﬁﬁﬁqﬁémw f"‘t‘@"‘%pﬁe@ﬂs E)to t he next frequency in

the FAT, '‘FE 1 and conbi nés the two val ues, , for output to the VCO or
NCO 7. THe060FO or WhOcodtrolien] § pefibraisthe tbeisidn loficediselosyd hbovd)i I aftew
resutting frequency and the controller. 18 then perforns. the decision

| ogi ¢ un#% numberofframesidie quipuistanct Bem deesmatigs highpthe cantraller signalsithe

process t i ng through the FST and then stepping to_ the next FAT
f requenc;“}q{(:s ﬁcg)ﬁgtmuefﬁhe Hﬁgti Ph%tmngwegfg'ﬁafori %xa@mliau&gby Thee Adep BeRpdul e

Toeks.t nebRlip Ut OO TrbdiEne GhE e A thePofiRAIV S i I oo

L)l o 8 10 N0 TR OB o

{0061] The controller 18 continues to step through the offset frequencies in the
FST until a high signal is dcfeCted from the step 3 module 16, indicaﬁng a firm
detection or until all offset frequencies have been tried by the controller 18. Once all

- of the offset frequencies have been t,ri-ed,. the AFC 4 resets the ‘FST offset frequency
to SF,, steps to tlie next frequency in the FAT, F, and combines the two values,
}F;,-_FSFO, forrqﬁtput to the VCO é)r NCO7. The VCO orN_C_O:':'] then regulates the UE
ﬁeqqéhcy to this new resulting ﬁequenéy_ and the -qontrollerr. 18 »the-l_l_ performs the
-de(;,i)s.i‘on 1oglc until a hiéh Signai is detected from thé steﬁ 3 moduie 16. This pr(_')ce.ss '
~of stepping _throﬁgﬁ the FST and then stePping to the next FAT frequency is continuéd
_u'ntil: a high signal 1s output by the step 3 module 16. Once this event occurs the
_c_ietecﬁ_on ofa S(%rambling code, the AFC 4 ioc;ks the FST offsé_t value at its current
‘iJOSition, not to be readj-ustedruhtil thé ponfroller 18 is initialized.

,‘[0062] As ,_thos‘é skilled in Vtﬁc‘ aft know, most service providers i a

- communication system have a different public land mobile network (PLMN). The UE

utilizes the detected PLMN to determine whether or not the service provider provides
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communi cation system have a different public |and nobile network (PLM).
The UE wutilizes the detected PLMN to determ ne whether or not the service
provi der provides -17 26 August 2005 WO 0 210 69 55 1 PCT3dR&183817
service in the UE s |ocation. The controller 18 utilizes a w ndow excl usion
logic wthin the wi ndow exclusion logic circuit 6 for overcomng a

rej ecti on WOBEHSk he wong PLMN. Since detecting thRECTHSRO3217 22 out put at
peak val ue al ways gives the sane PLMN, the controller 18 utilizes the

wi ndow excl usion logic to overcone this deadl ock. The w ndow excl usi on
logic circuit is coupled to the decision logic circuit 2, rejected chip

of fset vector buffer 9, a rejected chip offset counter 11, a rejected
primary scranbling code vector buffer 13, and a rejected primary scranbling

code ° couttrere i thekE'socalion, ke corfraller [Huilizerp mandaw exclusiondesiche primary
scranbl i ”ﬂitﬁiﬁgggs w&d%ﬁéé&cl?ﬁi?ﬂc{gﬁ:%iﬁhﬁ% £5r Mﬁ%@ggﬁﬁf%ﬁﬂgﬂ fkected primry

scranbl.ing co rejected primar I"I'ng code vector

- buf f er . 13wrdnf PLIMN.pSiheericiecting thelIGICr 2, 2Z20méput atgpelpviludalwapsiohes theep 3 nodul e
is found in th uffer 13, or the wong PLMN is detected, the w ndow

excl usi orSAmsGLIMY; the gontroBer 1) wilipes thwindew exclysion lagicitapyepcamathis  deci si on

| ogi c ci rgdditfoc o I s DL YR LEd g + j ected, the
chip offset t%g@%}a%‘&gg%‘éidé@é@%ﬁ&t°ﬁg{%?§§ 1 noéddl}g %&Iﬁg@%%%?ce in the

rej ect ed Z,hwjpcted tliptoffset vettor buffet Dea refected dhipseffbebgouniee 1 hrpsiejegleder at or 5. The

mask generator 5 of .the  decisiqp:-circyit 25 within the ste nodul e 12
uses t he RFUN4E scramplingcody veger e_gﬁ,élagaggp%edquxggy sprambine tRfer er 9 and

rejected @d&hﬁrﬂfmin&&uewsiomogi&amxftb%h&mgrghin@fys%&mwﬁg&%er m ne which

chips in each slot to exclude in the w ndow. e exclusion of the detected
pri mary saputificinthe stepfovadide againgt thé icfpeted primey serambling gpdesistaredina si ngl e
frequency, band, .The buffers and counters .are reset when.t.here is an
acknow cdrERciedgpaRominblng vele oot P, H e gpian < RBRIBE %Y sed by the
level 1 it Grdng the 480D Blodhi 19 FElME if Seliffes 13, diahé WeaePcMNORNd used by

the controller 18 during the w ndow exclusion |logic process, the |ayer 1
cont r ol | edetestagn theswindew apension logicr dguit 6 rejaets theesade fand dnitializgs the t he FAT.

|

2 ¢

S

Si nce the set .f r.equenc fot.he EST is set, the AEC .C s the new

o fr equ_ency(_le\%n{s{oﬁ'_%%ge&lécgf % #s%tch%?'ga HB'HEV..S @%%'Bf“ﬂfﬁ‘g[qo hen adj usted
: to mai nt adfket hatw braed byrtRestep ¢ YnodiR @S 4bred if iR Wejdttad Epobhett he wi ndow

.. exclusion logic utilized by the controller

vector buffer 9 and used by the mask generator 5. The mask generator 5 of the

decision circuit 25 within the step 1 module 12 uses the values stored in the rejected

chip offset vector buffer 9 and rejected chip offset counter 11 from the controller 18

to determine which chips in each slot to exclude in the window. The exclusion of the
detected primary scrambling codes and chip offsets are made only within a single
frequency band. The buffers and mi;nwrs are reset when there is an acknowledgment
by the base station or new frequency band is used by the level 1 controller.
[0063] = Inordertoadjustthe frequency band used by the controller 18 during the
- window exclusion logic process, the layer 1 controiler signals the AFC 4 o step to the
next-ﬁ'equency in the FAT. Since the offset frequency of the FST is set, the AFC
combines the new frequency with the sef offset frequency. The VCO or NCO 7 is then
adjusted to maintain this combined frequency. |
[0064] A flow diagram of the window exclusion logic utilized by the controller
is illustrated in Figure 15. The controller 18 runs the cell search decision logic and
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is illustrated in Figure 15. The controller 18 runs the cell search
decision logic and -18 26 August 2005 WO 02/ 069551 PCTI USQ2103217 finds a
primary scranbling code (step 1501). The primary scranbli QgAg&g%éss passed
to the upper layers (step 1502) which store the frequency and the primary
scranbling code index (step 1503). Ifthe PLMNis correct for the

parti cul arW@@fgsse provi der, the UE is synchroni zedCk@saiteztbase st ati on,
and the process is termnated (step 1504), If the PLMNis incorrect and
there is a frequency remaining in the FAT of the AGC 4, the AGC 4 steps to
the next frequency in the FAT and the controller 18 changes the frequency,
stores the primary scranbling code in the vector buffer 13, and resets the
cell search algorithm (step 1505). It should be not ed that the failure
condi ti ofindwbarma scrembling codeGtepdShte Theppmay scramb ling cody isgassedrer to

?ﬁ:ﬂ?r msSE%%%&a I Ol’qﬁbﬂ gé? Wﬁ&?ﬂbﬁﬁgccu%ﬁ&ﬁggndﬁ?he car I’%ﬁr{g %Il'lgpt : (r)]giscat =

(e.g. f reqdandgx)(step 15Bhelf the thbmbowmﬂiﬁphméﬂamﬁhemrmr, theAT, the

controll 18 bglns to the sweep the frequencies w the stored primary
scranbl i HF ¥ sgrehrapi tqtbehasesfpﬁen,eeﬁhﬁarqcess lslmePH@Fﬂé.ﬁéfP B@et@ i r st

frequenc {lﬂg\t{ degeq the initial

cel | sea)rﬂ%: w th \?\}%ﬁ ocst/v&gxtfé u5| on %éyq&%%?ﬁg E%?Q, he cghtrolj er 18

resets thimAGCttliaépsaethbn&aéteqhenmyiﬂthmfﬂm‘md&xemommﬂienm clﬂngcsdh:and al so

resets the failure condition 1508). The e ry scranbling

code is ‘I’Fé’HYﬂSFRr?F Waé}’é%'é% rcioa‘é ﬁ%ﬁ%gg ﬁﬂﬁle‘p r buffer 13
and the iall S alRbiiflR ¥R Isogp! i Imoaact% zfo‘Péd%Etrthb Tailite 'B@ALEd (Step

1509) The cel |- Search cision logi ¢ 1s run and -a primar cranbl i ng code
and chi p mpinitexsteithenthe countal bpfers 3, 15 k@), tichdr to ﬂeteqlmmmhgﬂmcaédbdl ng code is

t or ed th nbl t f then th
ohi p o Seuiies SRk Fes ShialuopHRE: B R e P L 8 bur for o
and the mﬁﬁ@@ﬁ@ﬁn%ﬂdanaﬁ@is(égtméqaén@i 1f theld 16 he B IR Wethinkhd 1) . The cel |

search decision logic is again run excluding a w ndow around the rejected
chi p of f F&T, the eoptrolier 1§ begins mﬁbewqenﬁhwﬁmmmﬁgtheémc dgsiarat ed by this

I e e,
onto the ﬂieﬂjej%ﬁﬁe@ﬁnﬁhﬂyﬁgcﬁﬁabﬁ@g code €4 thé inithuédisearaindith Wmdoﬂd eéelgignchi p of fset
counter is increnented (step 1511) and the cell

method (step 1507). The controfler 18 resets the initial cell search with window

exclusion method and also resets tﬁe failure condition (step 1508). The rejected

primary scrambling code is pushed into the rejected primary scrambling code vector -

buffer 13 and the rejected primary scrambling code counter is incremented (step 1509).

The cell search decision logic is run and a primary scrambling code and chip offsetare

found (step 1510). If the primary sférambling code is stored in the rejected primary

- scrambling code vector buffer 13, then the chip offset is pushed into the rejected chip

offset vector buffer 9 and the rejected chip offset counter 11 is incremented (step

1511). The cell search decision logic is again run excluding a window around the

rej ecfed chip offset (step 1512). If the primary scrambling code generated by this cell

search decision logic is again stored in the rejected primary scrambling code vector

buffer, then the detected chip offset is pushed onto the rejected chip offset vector

buffer and the rejected chip offset counter is incremented (step 1511) and the cell

search decjsion logic excluding a window of value rejected chip offset is run again
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search decision logic excluding a wi ndow of value rejected chip offset is
run again -19 26 August 2005 WD 02/ 069551 PCT/ US02103217 (step 1512). Steps
1511 and 1512 continue until the detected primary code iSy;fQl..liBgpst he |1 st
at which point the primary scranbling code is forwarded to the upper |ayers
to await an acknow edgnent by the base station (step 1513). If there is a
failure cWRGMPSh and there is no frequency left, tHIUSHBID | er 18
indicates that no service is available (step 1517) and the process is
termnated. If there was a failure and there was a frequency remaining in
t he bandwi dth, the controller 18 sets a new frequency and passes the
rejected primary scranbling code for that frequency (step 1516). The

| 1 he .initial | | h,with w_nd | udi
ot hod an@ePASIZD; 3Pt LS 04512 e 4Gt By Sodphngan 1 ol | or 18
then cont&a1as iih péhithébrinRy dorarfidl Chuah Tttt 1B vt fyiign. Mt hod . as

di scl osed above. If there 1s ho condi is correct,

t he cont raditcan agknowtedgmens Dyt thebasehstatioh (stop 1593)c hif abére édla thailirbe base
station upon..recejpt ofthe ackn edgnent, (step. 1518), and, the process is
t er mi nat e‘%.ngllufmf‘wie&?’qu e‘i?‘?ﬁ%?"\r?{e@%e,"of“ﬁ@le& &5 idicalgs Bat negervicedf anbl i ng  code
i s pushedhyeiMie (st 1587)264 81 pRick i5RATD I AR fer 13 and
the rejected pérsji&rﬁ}ary )scraml))l I ngggq{:ﬁgg%ﬁcounthet?gfggﬁggl ncrea(r?rlgr%?ée% (step 1515).
The cel | Wasgdlireguenty cemiining inhe banidwidthythagmirollexi8lsetsia ngw &egnendpw ar ound t he

previously.rejected. ip of fset ~val ue (st 1512). Thi rocedure

cont i huesa%ﬂll??‘s?s t&‘ﬁ@%ﬁ%@%&@éﬁ%ﬁ‘l’%ﬁ@@&m tﬁ%ﬁe‘l‘r‘ﬂ%@'@?ilg@i Gvai | abl e or
an aCknovdoﬁﬁlﬁl[&mSﬁeﬁ&@%@m@ﬁﬁ@l&ﬁ%@@wﬁtﬁ%ﬁjcﬁaﬂﬁng&@m&’ﬂﬁhe 2005 VO
02/.069551 PCT/ US02/ 03217 CLAIMS What is clainmed 1s:” 1. A nethod for

“est abl i sHpile gondéiommanitar (stop1308h KTHesonteadier 18 then continues thednitialselht i on i n a

conmuni cat.i twork, ¢ risi t he,.st e f: receivin 0 L nput
comunic :St%%lr% v‘glﬁlg na d;qwf“?’g?@mb P}?@g’ & rﬁd“i"g?‘gﬂg%’ﬁm}ﬁ ﬁteéet }sdﬁ’ g’lﬂﬁ%al and
_gener at i ngndition REeXhe BLMN in6dRel, ahe domtdlBr 28 RhdicadsYthay e WLk zat i on code
W t hin said communi cation signal; '
synchronized to the base station upon receipt of the acknowledgment (step 1518), and

- the process is terminated, If the PLMN is incorrect, the rejected primary scrambling
code is pushed into the rejected primary scrambling code vector buffer 13 and the
rejected primary scrambling code counter 3 is incremented (step 1515). The cell
search decision logic is run again excluding a window around the previously rejected
chip offset value (step 1512). This procedure continues until the controiler indicates

that no service is available or an acknowledgment from a base station is received.
* * ¥
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extracting a peak sanple from said conmunication signal in response to said
i ndex val ue; second processing said comruni cation signal hi response to
said index value and said peak sanples and retrieving a code group nunber,
sl ot offset, and secondary synchronization code; third processing said
communi cation signal and retrieving a primary scranbling code in response
to said code group nunber and said slot offset, for®&y#Eh®YAi zi ng said UE
to said base station, said retrieval of said primary scranbling code being
a code YUBESon; and adjusting a search frequencyPépvggpﬁrUE in response
to said code decision. 2. The nethod of claim1l wherein said adjustnent of
sai d search frequency conprises the steps of extracting one of a plurality
of offset frequencies and one(CIAdMSurality of search frequencies;

conbi ning said one of said plurality of offset frequencies with said one of
sai d  Ript Rliafeaqf search frequencies for generating said search frequency;
mai nt ai ni ng salg search frequency; and setting said offset frequency in

response t o [sAintktiedder @eblishina condduétibn Jhisbet @Ot VD024 6&9551
PCT/ US02/ 03217 3. A systemfor conducting initial cell search and

~ est abl isttniya eommwnieation eivirbreomprisingshe sigpspf:a UE and a base station in a
conmmuni cati on ,network, the a%stem (l:orrpri sing: a first nodule for first

processi ng Bﬂce%{mﬁé?ﬂ?ﬁ‘t‘ﬁc%w CPYEM- and generating an index value
assoct at ed Y4 e RoRErI o SHAGHUAR SARNORI° QBN B gl ecommunt cati on

signal; a séeco or secon ocessi conmuni cati on si gnal

N reaREARE With Sptnthr} @ﬂ@ﬁforﬂﬂﬁbtﬁco‘dé\@itﬁn@Q@&rﬁﬂuﬂ%aﬁo@ﬂ%ﬂaﬁ}ﬁ ed fromsaid step
| nodule and retrieving a code group nunber, slot offset and secondary

synchr oni zatxitmotingoadpsak aample frdmneadidommivmicatidn sighapmaegondertg saifl sai d
comuni cation signal and retrieving a primary scranbling code in response
to sai fdgliegr oup nunber and said slot offset: and

second processing said communication signal hi response to said index value
and said peak samples and retrieving a code group number, slot offset, and secondary
synchronization code;

third processing said communication signal and retrieving a primary scrambling
code in response to said code group number and said slot offset, for synchronizing said UE
to said basc station, said retricval of said primary scrambling code being a code
decision; and

adjusting a search frequency of said UE in response to said code decision.

2. The method of claim 1 wherein said adjustment of said search frequency
comprises the steps of:

extracting one of a plurality of offset frequencies and one of a plurality of
search frequencies;

combining said one of said plurality of offset frequencies with said one of said
plurality of search frequencies for generating said search frequency;

maintaining said search frequency; and

setting said offset frequency in response to said code decision.
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a controller coupled to said first nodule, second nodule and third nodul e
for controlling the adjustnment of a search frequency of said UE to
retrieve said primary scranbling code in said comunication signal. 4. The
systemof -claim3 further conprising a frequency synthesizer responsive to
said controller for adjusting and mai ntai ning said search frequency, the
synt hesi zer including: an adaptive frequency circuf® AWt 08 sai d search
frequency is generated by conmbining one of a plurality of offset
frequeMQBL 1t h one of a plurality of base frequéhtVe¥AT d adaptive
frequency circuit conprising: a frequency step table including said

plurality of, off f r.eq j.es. a.freqgue |l qcat.] bl e incl udi ng
said plural i3t fo%ﬁ%glsg&f ggﬂ@éﬁ@ e@}t{aén%ﬂagg%%}gi 0 a?%érlbq{rgg{sngohsi ve to said
adapt i ¥emhifGHaN Tk Ketweeh!a tUH 81d IMBdsbadoniin g dmbfinicilen abtwdaki thesear ch
frequency. 26 August 2005 WD 02/ 069551 PCTI US02103217 5. The system of

cl ai m 4yswdnegosiprisisgi d oscillator is a voltage controlled oscillator or a
nunerically controlled oscillator., 6. A nethod for establishing a

comuni cat i 8dirt imekulp darisd prosessie aha cormpiestionssigital g geperaing @nuni cat i on
network,. conprising.the steps Q. processing an ingon cQ ni cation

si gnal 0% gﬂﬁ%rﬂgf(%}ﬁéecgnm}&han)gr%q?y,gyncfzrgpﬁgtm rﬂ?g% \gﬁ@& &4fipl e from said
comnk&%ﬁ&&tigﬁg@ﬁ[; in response to said index value; determ ning a code
group nunber 1 n response to said index value; retrieving a primary
scranbl i ng @a@eond modidp frsecdnd pratedsinnde sgid wommunicati@r sigeal isynchroni zi ng
said UE to said base station; and adjusting a search frequency of said UE
in resproprses oaiddidgx el prshapeak simple pxiragied gﬂﬁysaldcsmdﬁn@du@ adde. 7. A system

for conducting (nitial cell search and.establi shi.n - comruni cation |ink
ot wooTiEvine Aty Baoup Jumbe: e DR i B AR AR ARTCRE: cor k-t ha. Suet om

- conprising: . 'dirﬂoﬂﬁle?@glwdgg (f&&%@?ﬁgaﬁﬁoﬁﬁﬂmﬁﬁidn@%ﬁﬁ aﬁ@feﬁ%viﬁéﬁom ated with a

primary synchroniza n a conmuni catl on signa
primary scrambling code in response to said code group number and said slot offset; and

a controller coupled to said first module, second module and third module for controlling
the adjustment of a search frequency of said UE to retrieve said primary scrambling

code in said communication signal.

4. The system of claim 3 further comprising a frequency synthesizer
responsive to said controller for adjusting and maintaining said search frequency, the
synthesizer including;

an adaptive frequency circuit wherein said search frequency is geperated by
combining one of a plurality of offset frequencies with one of a plurality of base
frequencies said adaptive frequency circuit comprising:

a frequency step table including said plurality of offset frequencies;

a frequency allocation table including said plurality of base frequencies; and

an oscillator responsive to said adaptive frequency circuit for maintaining said

UE at said search frequency.
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a second nodul e for determ ning a code group nunber _ _
index value; a third module for retrieving a prinary scranbling code in
response to said code group nunber; and a controller coupled to said

first, second, and third nodules, for controlling the adjustment of a
search frequency of said UE to retrieve said pri ”arélsﬁl?gﬁ?t%bé ng code in a
communi cation signal. -23

WO 02/069551 PCT/US02/03217

5. The system of claim 4 wherein said oscillator is a voltage controlled

oscillator or a numerically controlled oscillator.

6. A method for establishing a communication link between a UE and
a base station in a communication network, comprising the steps of:
processing an incoming communication signal and generating an index value;
extracting a peak sample from said communication signal in response to said
index value;

determining a code group number in response to said index value;

retrieving a primary scrambling code in response to said code group
number for synchronizing said UE to said base station; and

adjusting a search frequency of said UE in response to said retrieval

of said primary scrambling code.

7. A system for conducting initial cell search and establishing a-

communication link between a UE and a base station in a communication
network, the system comprising:

a first module for generating an index value associated with a primary
synchronization code within a communication signal;

a second module for determining a code group number in response to said
index value;

a third module for retrieving a primary scrambling code in response to said
code group number; and

a controller coupled to said first, second, and third modules, for controlling
the adjustment of a search frequency of said UE to retrieve said primary scrambling

code in a communication signal,
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