[0001] INITIAL CELL SEARCH ALGORI THM [ 0002] BACKGROUND
[0003) The present invention generally relates to user
equi pnrent (UE) synchronization to a base station.

More particularly the present invention relates to a
cell search systemwhich utilizes an inproved initia
cell search algorithm [0004] Initial cell search

al gorithnms are used to synchronize the UE to a base
station. The UE acconplishes this procedure viva
common downl i nk channel called the physica

synchroni zati on channel (PS . Referring to Figure 2,
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scrambling code of a cell utilizing an initial cell search algorithm. Common initial cell
-search algorithms utilize three (3) major algorithms: a step 1 algorithm detects the
PSC and determines a chip offset; a step 2 algorithm uses the information given by step
1 and detects the slof offset and code group number; and a step 3 algorithm utifizes 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 UE detection of noise associated with the
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detections. [0007] Also, the common initial cel
search algorithnms can not handle a rejection by the
upper |l ayers of the wong public | and nobil e network
(PLMN). Since nost algorithns detect the strongest

cell in the common downlink channel, it is likely
that each tine the algorithmlocates a cell the sane
PLMN wi | | be associated with the cell. This results

in a deadlock and ultimately an indication to the UE
that there is no service. [0008] Accordingly, there
exists a need for a system and nethod mat reduces the
nu r of false detections by the ipitial cell search
recaqvgigﬁﬂmpm#%mamg hagpel. avhi calbwltd%’élg pantgeefdplec k
da?§§§0|ated with a rejection due to the wong PLMW.
[0010] SUMVARY I n accordance with an aspect of
(000RE pr ddsenthe comeot initial, cell khearch algorithme carcke handhest hod f or
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rocessing the comunication signal in response to
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scranbling code in response to the code group nunber

and the slot offset, for synchronizing the UE to the

_ [ggdg]ase station, the retghfygly of the prinmary scranbling

code being a code decision, and adjusting a search
[0018]r equency of the UE in response to the code deci sion.

I n accordance wi.t h anot her aspect of the. pr t
 nvent PEAfCoNaRRe M AR SR gt ey et g e B
establibhingd confhini&Rith Ghk BBEveeS hakt hid B&keRtation in a communication

~nefwork, 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




conmuni cation Iink between a UE and a. base station in
a communi cati on network, the systemconprising, a
first nodule for first processing of a conmunication
signal and generating an index val ue associated with
a primary synchronization code within the
comruni cation signal, a second nodul e for second
processi ng of the conmunication signal in response to
the index value and a peak sanple extracted fromthe
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In accordance with yet another aspect of the present
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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 the index value, a third module for retrieving a primary scrambling code in
response fo 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.




[0011] BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] Figure
lis an illustration of the initial cell search system
made in accordance with the preferred enbodi nent of
the present invention. [0013] Figure 2 is an
illustration of the physical synchronization channe
(PSCH). [0014] Figure 3 is a block diagramof the step
1 nodul e in accordance with the preferred enbodi nent
of the present invention. [0015] Figure 4 is a flow

di agram of the step 1 nodule in accordance with the

Bifure o BRERDSERP RN OGS op 2 nodure in
[0RAQFOr dApEE 1Y atnhllﬁsﬂﬁlon Bf tﬁ@ ﬁftfaﬁ&ll %‘é@&ﬂ&ﬁ&ﬁ‘ ha&fln the

present invention. [0 Figure 6 i 5§ a graphical
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ferred enbodi nent of the present invention. [0019]
gure 8 is an illustration of the code group matriXx
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prefgfr? uE? &?&%epi‘e%ﬁmeﬁtﬁ)ﬂ [0020] Figure 9 is an

ron o e correlation matrix structure in

foo&sjcor Eigmexs\anﬂbh diafem pre sep 11 amdeib actoidriné witl thé he
rese .invention. [0021] Figures 10A and | OB show a

prefeq digpeptofihe presepidnventioh 2 al gorithmin accor dance

[quﬁ]vgnﬁégrﬁ?E?(Pg)%?%@gg?g&%%ﬂfe "{)aPo | agr am of the
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resent invention. 0023 Flgure 12

nbodi pent of t
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(F Wnce wth the preferred enbodi nent of the
present invention. [0024] Figures 13A and 13B are a

[0018) owFijuag nsamlkusfnaﬁoh ef thetimyot rifatrixI sty@tuietilnacedrdenceadth or dance
with the p rred enbodi nent of the present
thenr?fwﬁﬁmbsﬁlme '@g@?‘)lj’fespi‘tﬁﬂ?”é@m 14A and 14B show a flow

[OOfy] agr mlﬂg 86 RRRGAGA dfRhe SR oot HaBhY 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.

10022] 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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decision logic in accordance with the preferred
enbodi nent of the present invention. [0026] Figures
15A and 15B show a fl ow di agram of the controller

wi ndow exclusion logic in accordance with the
preferred enbodi nent ofthe present invention. [0027]
DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT
[0028] The cell search synchronization system 10 in
accordance with the ..-preferred enbodi nent of the
present invention is illustrated in Figure 1. The
system 10 conprises a step | nodule 12, a step 2
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it cu : . i 26 bl e
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shown is not a part of the step | nodule 12 but are

prefmaimhoammt offibe present ipvantion isdUusgrated dmpigated . Jihe

10 PRk acti LIeRER 200 bP3 Aol S A S okl é@é b
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strongest path, The RRCFIR | coupled to the splitter

statiqry Ingrder guacsenplish Seisisymchnoaizationa the U Hpesh thieeellspish | nk

s B s A0 AR, B st

herempfigt t er 19. The sputter 19 splits the sanpled si gnal
into its even and odd sanpl es and passes themto
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using P e KPR i fhebiend hndthld REoRb AR B

Hierdiehicdl GildyeCorreldtbsCgIGE) 21 220100 dbb6lhi vialue nidtifiens (AVId)
i nput _signal. As those ski Tled in the art_know, . fhe

23, 2fpdecision GrpuH A3, BROIPHIEZCE BiFaVItA0, 4 ook up table 37, a maltinlier n g
28, a%ﬁﬁtt& Einglnﬁ‘?& s&l) Itcgﬁp&%i“ 59. The root raised cosine filter (RRCFIR)

1 shown is not 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 a

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

- samplesthe downlink communication signal from the base station at twice the chip rate
and forwards the sample signal to the splitter 19. The spitter 19 splits the sampled
signal into its even and odd samples and passes them to HGCs 21, 22.
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signal, respectively. The HGC 21, 22 outputs are
forwarded to the AVMs 23, 24 and the sanple sel ector
34. [0032] The AVMs 23, 24, coupled to the HGCs 21, 22
and the decision circuit 25, determ ne the magnitudes
ofthe HGCs 21, 22, equation to generate the nmagnitudes
is determ ned according to the follow ng equation
abs(x)- max(Ix,.aj, Ix!) + 0.5*mn(jx ,I, Ix;,,s()
Equation | The use of the approxi mated absol ute val ue
in accordance with Equation |I reduces the hardware
required in this inplenentation and causes no

[003§]gni f i BeiGEe21.032n cevplafetgribel 4(MMn23, G4c and the sample
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[0 0033 3] The decision circuit 25, coupled to the AVMs
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the SlaglsdeitogBaCUI t 25, and conbi ned into a single
stream_ This streamis a repr

f h .
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is daéntiined (@@ ipg ethe followingaqimtivhot and fifteen (15)
slots in each frane. Since the input signal is sanpled
-at twce the chip rate, there are 5 120 sarrples in

ef C n circuit
dgzﬁﬂg’éﬁ%éjs{(l’gﬂﬁ&mfg@cat | %ﬁg?"ﬁf I?%@“E@SC in the si guﬁg?ni
chip offset, by sweeping through the 5120 accunul ated

RO R R R

e P 5o
T A o
degrhdutiony Opbd gﬁ) appmmmhaﬁed ?ﬂ@u‘%&s@l@ havw(?eem Hetfsnnon@sbjt the
accunul| at e sa u or e sl ot of ev
AVN§ 232 Jr‘arﬁﬁp tﬂéesmaﬁﬁﬂfe"%q ad P&l A8 OF E’Héf‘haof
dec&z{ﬁ?cuc%ﬁt@.@al for each sanple in a sl ot is added to the
rength of the signal of each sanple in every

[0038pbse qﬂl‘hmdec&imtmrcﬂszia wowptaip e, AYMS 28 204ind thegpnigolier |
18, d%te%mesﬂ?e éh?;? 0 e . ’?l\{\g 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 a representation of the strength of the signal
transmitted in one of the samples of each slot of cach frame. As illustrated in Figure
2, there are two thousand five hundred and sixty (2560) chips in each slot and fifieen
(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.



signal strength values {1,5,3,7}; the sanples of slot
2 conprise the followng signal strength val ues
{2,4,8,3 }. Initially, the registers of the

accumul ator have the values {0,0,0,0}. As each sanple
value fromslot 1 is added to the registers of the
accunul ator, the register val ues change accordi ngly.
For instance, when the first sanple value of slot 1
is added to the first register value, the accunul ator
has the values (1,0,0,01; when the second sanple
value of slot | is added to the second regis

[0634) e, Thectawe avnsrindy MU s faraided toan ssSHIRAOL Rt 0
sof) Willifnb MEcikiBi? Lirout?SR! Phi¥ Bcifufbor HaP'l five' tRoBiEhe! ©
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as t s {3,9,3,7

e val ue , 7/}. The preferred enbodi ment of
evetyrsubgeqeent slot. | Asearexiample, fiegamplss ofistot i eginprizerthe Hllowing

sig{ e gene (ot b oL PR comp @ BB ying iepe
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regihS el A% s Bior BRCIE PPt O8) e b Bloed B
sam?fefv%% of §166 DRABA th ShedRbITALBE thefitR@mple value of slot 2 is

heHGCof f set val ueof 511. As those skilled in the. art

addedtothe ﬁrﬁ;:egjmm\f;hwcuﬁn@gtpmsalﬁag ndhe gesumplator bavipgthes
, o el eraye .
valop (35175, B (e Phat e Yl ot ¥ g o S8 R
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. accordance wit
 circait 25,

[0035] A decision, determination of the chip offset, by the decision circuit 25
is generated at the end of each frame, fificen (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 using 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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Equation 2 below chip_of set = INDEX - 511 Equation 2
If the index is less than the HGC of fset val ue then
the chip offset is calculated in accordance with
Equation 3 below. chip offset = 5120 + I NDEX _ 511
Equation 3 [0037] As illustrated in Figure 3, the
decision circuit 25 also conprises a nask generator

5, which is used to exclude a wi ndow around a rejected
chip offset from detection by the decision circuit

25. This mask generator 5, therefore, prohibits the

i e e e
h
o e e e A R 2 e R Bp sl o
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[0039] The accunul ated chi p val ue OQUTPUT f

Equatiori 2bedow: i s output to a normalizer ci rCU|t 26, wher e
it is sanpled at 20%the chip rate (one out of five),
summed, and then normalized to 1024. The frame count
step 1CE@UQM=H§DEXL§@[ to the |ookup tablEquifiod 2
determi né"the proper gain factor based on the numnber
of frames accunul ated. The output of the normalizer

T b 668 3 Yo B0 1St Pl Rosgon o G Qe g

awdf&ﬁnbéﬁiﬂlﬁgu@ﬁnIWSI dered the Noise Threshold and
is forwarded to a step 1 conparator circuit 29, to be

conpared to the rmaxi mum accunul ated sanpl e val ue MAX

or cat oFRPRRY haLAb BPIRF 8Lhol d. tho o 1 cr EREHSR3

anplifier 29 outputs a high stepl firmsignal to the
controller, indicatin ood decision for step 1,

1003d] her wAgélwmﬂzsﬁlgﬁag tl?% esistopgironit 2fualen comprises Ampask
geneéag{y ﬁr S{hﬁ %%pex&%ﬁes 5 Rfvm%gv 2ol a r%]'&:@ﬂ ﬁlp%rﬂ%et 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 hereinafier.

[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
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end of every frame. Therefore, the reliability of the
first decision is less than that of the second
because the second decision is nade over thirty slots
instead of fifteen slots. The reliability increases
as the nunber of slots accunul ated increases. The

hi ghest reliable output is generated at the Mth
frame, M being an integer greater than or equal to
one (1). The controller 18 resets the franme count step
1 counter and the accunul ator registers at the end of

every Mth frame. The performance results under
mulfphedhydiemutiolionsi. Thepuories hemoiiniiey 3ids compiderss foa Noise
. . . Aot

T @A BPudRod 8 P 3ol 8 R o0 comp B e

maiihafegcum{lfietsdnple oy B 0Ifahe dbxitdum sdcempulbtedsanple i s
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hi hi cal )l t HGC) 21, 22.(st
o4y ) " Hsiaresearion Hoshipiofad snbr e oRPIbAE SERIRA 5EHe | ne
end ﬁt’}%%ry %ﬁme 24 e RSk SRERIISHIRE! F BleTrstIHicitioh ledWah thatloe

23, 24 approxi mat

e the nagnitudes ofthe even and
the sedohdbecmuse shersecaridvdedision dsmideovdCearty slotsApstéasdof fifieen)

oo R SRS e bIoE U B 52
highg% %1%%1:@1:[ Weherdfad SOHE MISS k6, MR GBink 4 Stedes bRiter

1), represents the signal strength of the
- thansir gquaall totane (BniThe eontiallentfresets therfame nping stepl ceimtas and | ot

the euRRGPL ERRIETA 1 s Bty MY RS o T iR et s ' °
undté‘ gfﬁ'ﬁreenfaﬁng&%ﬁédﬁﬁelﬁ kHowkinht fe-dAR inlafonisesd &ﬂg‘uﬁﬁ"

in the franme has the maxi num accumul at e

to detentrPB6. Hawener,(this dqtegratn camble chuagasito mone oglessdtpest o it
100438 5§ o o igiterm of it eled § e Tl g, e,

p
dete@ 8 $ceipPETEominiuRitatibR ovEShE@Rinidl downlidBcKahe fstép 402) . A

noi se hreshol d value is then generated using the

and saonplesiheesigdl aitiviced chip fater geabriatingeen aad addis (steme

caount (step, 413) and then aned
402); Y v B SRS gl SR Wi R s
HGE) 210 gstééﬁﬂfjﬁt THNEHOES D §) 20 hérOfolvds 8o biitghts & the AV

(step 415). "[00421 Referring back to Figure 1, the
23, 2duaplisasopdd selentors34 fstap 4A4dul Bhe1AVMs Bh 24hppproximate the
magnitudes 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
magnitades the decision circuit 25 combines the magnitudes (step 407), which
represents the signal strength 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 slofs
within each frame (step 408). The decision circuit 25 then determines which sample

in the frame has the maximum accumulated sample vaine (step‘ 409) and assigns an
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offset, step I. firm and step 1 counter, are
forwarded to the controller 18.. The controller 18
forwards the chip offset to the step 2 nodule 14. As
stated above, the step 2 nodule 14 utilizes a step 2
al gorithm which takes the chip offset output from
step 1 and the HGC 21, 22 outputs and detects the slot
of fset and the. code group . nunber. The step 2
nodule 14 illustrated in Figure 5 conprises a step 2

indeg 3ARIg00H 1O, Bastd SRR LA BB Brlus3s =Enedap the fdex (step
41 1)“?&18(1)?{% el %rffgeg: gé%toaﬂe%ﬁgjogﬁfé (l)% gﬁgégrl'?)?l}& noise

an rnput” matrix gen

thrcsi‘lofd lud 1§|ﬂtéh§eﬁ8ra@¢d % sl tidheclRdatbd dhip vlﬂlife%ﬁ &ll $dmples and

the step 2 algorithmis tTo provide the step

the fedmge cotuinistop 4 18 Y dmml thenaohipang] twthe raxinmon andmnukatedi sample
the slot offset. The chip offset fromthe step

Valua{&ﬂ% 414 indicaling a lfmirttmt?}t;mdf]@s:loarto tis Q@U‘@g@l S(step415).
(004 br & e RefBrinaPati o Fiesie s 0§§J"ff$135 R Sep 150G 7 the chip
oftscly iz Bomy #IR el § SolRiER et Kirilarfiahd IR0 kolGusr 18, - The

contrdflef ‘i@%r@fﬁ%d@ﬁhﬁgzhhﬁoﬁﬁé’t%ﬁge S@p'Dhodalea. 333 sfated above, the

conj ugator 36 an 22 of the step

step Ddvtiie 12 utilie’d @ $t8p 2i d1gevithdenbnich Dhds e eHip o@ﬁ@t 5&19&{( from

circuit 25, the sanple selector 34 extracts the.
step He@d2the HE® (il p @2sovtpots aridedétetaithe istptaiffseiand the. eode group |
then conj ugat ed by the conj ugat or 36 and, output _to
numbeage TherHie rmdttlp 14| illpstygged iy Bgaus SeemBEses a step 2 comparator

30,aldg catlo ﬁ I r Ia:clg)?_lgfgt qngﬁm 4 I l}ﬁgﬁg a Fast

I § SR oo bt

an RS BEcQRGIIMLAY a%fteﬁ PRiecBidt cirddic®.t he signal is
al 1 gned, fhe ali gnment circuit 15 forwards it to the

[0043t ep 2 Theopluipesd 4f thevstep Chalgatithinh & ® prowiderthe tshegu3 algbrithm
. five hundred and sixty (2 560) chips Iin each slot it
with thescrambling gpde groupt number gmlrtbezlcttrﬁfset hEheghip affset from the

s| ot

- step Ipoduts. l%vé%'ﬂg fiope i Sl da é't?%l%if 3Zaf %9 St gadyle 14.
The chip, 5’&%%%? dsiBaTbFR i bt @%?sﬁf%ﬂg?ﬁé BfieP B atfdi e step

1 mot%lb RS Qg’fisﬁllé&sxoﬁ\s TH RS (ﬁﬂ %ffs@t {sNBe @ FrweR@¥ to the

are gener ate nve ope sequence I's-
,sampm@ldcﬂsi- 3pwhivh ik @mﬁﬂeﬁ t@thedRAama ¢ doRjudatori 36 andrtieHGOs 21,.

have sone orthogonality between PSC and SSC codes.

22 of ttvi stee hweddige 1Badsing the index determined by the decision circuit 25, the
sample selector 34 extracts the peak HGC 21, 22 outputs from the input signal, which
Vare then conjugated by the conjugator 36 and output to the complex multiplier 38.

[0044] The same communication signal to the step 1 module 12 is input to an
ajignment 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
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be renoved before proceeding into the remaining
portion of the step 2 algorithm This envel ope
renmoval is acconplished by the envel ope renover 3 1.

[ 0045] Once the envel ope has been renoved fromthe

i nput signal, the signal is output fromthe envel ope
renmover 31 to the FHT transform 33 coupled to the
envel ope renove 31 and multiplier 3 8, which reduces
the conplexity of the pure Hadamard correl ation
operation. Figure 6 is an illustration of the FHT
structure. The 'output of the EHT transform

3
in eaeh st shotid g appeeens Grp Himee 1t S Cie leatpst theszizstby

25%%?% %to%ﬁ% géﬁTn%H an S %@?n%%& %%L&gu se nrnpféd qquié% nj g at e

mo@ﬁle,ttliﬁtdpeaﬂo@wdbtﬂnnfﬂem SHeudiighe Rlﬂ:atlmfﬂicmtronyst PSC

mtgﬁgé&ﬁéco%zggcggﬁo t he lee‘?%g E}gq%trangga§ the
are GRS %ﬁgé %@be&g i 3pph @88 A o R mac i

een mul tip In the conpl ex
ordentb hayglsoie ofBogohility betabeqmﬂc anfl SSG@OGHI‘ Toistepudlepedesto

verkapYb b isai b phevigrer AP R bR epif. 185 o
: envgi’a%é fetho®dl 1slar%corﬁﬁﬂs‘ﬁed6ﬂhla§§vel Srénil:%ﬁ!mt rix. In the

ut matr ere are fift (15) slots and in
[0045jch s|Qice therredope(ibbheen rwmrnd ﬁorh the inpft signal, thergigoal isput

- oupig o usive BParRBoBEal YT ol Sougl b baveloge "

rem% ngf &mmhprgeggs whith réhebs 86 beR leﬁfydoﬁﬁé’ G FdBmard

er are The structure o e|n ut matrix i s
melahusopeaataeﬂ Flgufe s mﬂmstrz{lmn mxe EI‘H@MIQ‘IU@E i The OBt fx

the E@Tﬂ%&efr & S ey e aT e eAC I 2y ph e

ot a}gﬁ@? 8§ Boﬁp?&ﬂbtﬂ& doﬁjugat@l‘?: 6>$113 %he FRET ﬁﬁaﬂ&sforﬁi‘@ The

orrel ion matrix is reset when the frane counter for
use tolf éhestonjugte mfdbe peaki@mput fromcthe IGEs 2L 23 providepa phaye

confhBh RRRHE ol bR e PR P SR B2
nmg,ﬁm&sﬁcemn@&mtgw%@nents of the code group matrix

he elenents of the input matrix 35 in accordance
' [004ﬁ]t h t Bace thg FEET twansforp 8B owtput has been multiplied in the complex

multiplier 38, the real part of the FHT outputs are forwarded to the input matrix
generator 35 by the multiplier 38, which puts the FHT outputs into a real mairix of 15
X 16, called the input matrix. 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 matrix 35 and a known code group matrix, which results in2 64 X 15
matrix, The correlation matrix is reset when the frame counter for the step 2 module
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corrMatrix[il G + Equation 4 inputMatrix [k] [code
group matrix [i1J [kl1 where | is an integer
increnmented fromO to 14 by 1, that represents cyclic
shifts perfornmed on the identity matrix with respect
to colums; i is an integer increnented fromO to 63
by 1; and k is an integer increnented fromO to 14 by
1. The structure of the code group matrix and the
resulting correlation matrix are illustrated in
Figures 8 and 9 respectively. Once the correlation
matri x has been generated, the maximum entry is found

readhys e siendlar toithah displogadi ip tostepThmodule.r InGadardp Agperaiaihst

t 0 Ls Nt nd
corieion B, oML 8 s RS A05E OFRL oAty BF i
codé gffup|mattig ahdthe 2lemichts tof ehenfaputanattie BAin aolddicewitls the

greater than the threshold, the comparator circuit 3
equatiofy4 belgwit put a high step 2 firmsignal to the

controller 18 indicating a firmdecision, otherw se a

| ow signal is output indicating a tentative decision.

The t hreosMabik[iffilHse i s cal cul at ed using t Hguativard

magni t yepmMadis k] [eddet grous aramdd @k [kfIn matrix: 63 14 Th k

96 ZZmag(ce) P=0 j=0 k=5.12, Pf =10-4 Equation 5

where PFA is the probability of false alarm The step

I : .
wicf, (R Fbd RULRUG, !0 PGP Sheld by
perfoatioathe iddikitf G Inifirespbétancatumgs bivah intcgehinortrentcd

: orl mis | ustrated I n rlLgure St ep -
fromg, Pyrlgand kigan ?#Fg%ie?m@ﬁiﬁe%ﬁg@ﬁ e #8%1 FresehE Base
the &H@g#oﬁg PR anll B 1 lcbﬁgla{é aﬁ%ﬁ&&aﬂa@ hiPieuss

envel o romit

e sequence 1S renove e communi Cati on
and 9 irgspadtivelt ePnct Gi2ayretation matrphastbeerngenbiaied; the mefximwn33,
(step 1003a).. At the.,same tine, the.chip of ftﬁpe% fr,om
entry i fopnd by th ign gyeyit39., 0956830%%95"%?f ithe Tound

maxfiih eftef R AR iChYehHsEket. 0 a
S a‘r%g Ice se ?%gccs}g?lé{?ﬁé L%% %’Qg& o

[0048] Similar to the step 1 module 12, if'the max correlation MAX 2 is greater
than the threshold, the comparator circuit 30 will output a 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

C

of the correlation matrix:

63 14 ] Equation 5
)

Th=k %{Z ng(cﬁ

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

where Pg, is the probability of false alarm. The step 2 module 14 ouiputs to the
confroller 18 the code group number, slot offset, step 2 firm, and step 2 counter.
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extracts the peak even or odd output generated by the
HGCs 21, 22 of the step | nodule 12 based on the chip
of fset (step 1003b). The output of the FHT transforner
33 is then multiplied by the conjugate of the peak
even or odd sanple output fromthe sanple selector 34
(step 1004) and transforns one entry of the FIAT

out put that corresponds to the SSC code onto the rea
axis (step 1005). The real part ofthe FHT outputs for
each slot in a frane are forwarded to the input matrix

(O] ¢ neriTle i dserandoriinsisb 2ontn i Dgmadip Pt

s o blbitod e, A RAtE: ot K0af IR BIGE sttt U o

dowslinkpchkfifel) (stepl I(LGI)L | ngn teheelopep s&quunier isxrearpatedk fiown theode
{ t

wr%%ﬁm@uap”?w%'alm {obetiand ptpogt Fibhersnstig: 5 6P AP on

At@ca et 13%98% oHERHA] BElste 1]5 Eﬁm‘aﬁﬁ' 191i@ Pﬁﬂt& g délhy 3Pin

‘he maki num entr the correlfation matri x
the(stdpelpmbdle)i4 (Step 10686} land fuewatdcd tspemuplageleaor B, whinh

o S e o] e SR B gRBaL PP o 2
moglﬂe W%%%e%ﬂﬂ T@&(ﬁééﬂfo ﬂ?f I8é QR JfRRFHORMBIERE: t O

er 18 (st hreshol d val ue is

33 s ken rmﬂtipimd by the coujiigede (!ﬂﬂE p@dawen mag‘ild saple apgpt sora ther h e

r on te 12) and ar.
| Sa“&’g“r G BT Dol SRR ity SRR TR, ol Bl
' resliphse bf th8FIITt €
e T e it I 48

outpnjsjﬂ!lr eachZlotinla fiame ot W@Ideéétr than@ut ot gpnerater %%‘@r

tput, fromthe step rmdule t
1008l e Pt Segtofo a5 G ot it BB 1000 iR
mp&t dt@Pisthél HkardboftR debiRn muelﬁowtoodeterﬁmeamm omet

whi ch one of the rlrraéscranblln codes is com ng

andwpddgroupmumhesstep1008), Ytilizing the wpbtmataxg@ilamamﬁ?(tewp

matfE e I it ) Pen BB forelaih HBf U009 DB
conzﬁﬁoxphﬁﬁii{ Iehis %Gén'?‘ n@ifatetl e Bécion3cirouiid9eodatesite maxxmum

lustrated in Figure 11. Simlar to the step

enum theecomslation matrix (siepk@iM.dar whichdhey mesp@dmsm 0? they

l’éo ranugioenpﬁ g"ﬁqﬁg?iepgogb%m%%d%%&%s@n&w Snd € iR s

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
correlation (step 1013), forwarding an indication of a firm or tentative decision to the
controller 18 {step 1014). |

[0050] The chip offset output from the step 1 module 12 and the slof offset and
code group number output from the step 2 module, are forwarded by the controiler 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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begins its search for the scranbling code nunber at
the begi nning of the frane. Once the input signal has
been aligned, the alignnment circuit 17 forwards the
input signal to the .step 3 nodule |6.. The step 3
nodul e conprises eight (8) scranbling code generators
40,...408, eight (8) correlator circuits. 4,1 1...418,
a noise estimator. circuit 42, a step 3 decision
circuit 44, a decision support circuit 45, a gain

chreult ,.and a conparator -circuit 47. The code .
| ,p@b&%ﬂ%ﬁ?@e %@%@gﬁﬁﬁ@%%@ﬁﬁwmmbwgzmi There are eight
0 the . ejght se¢ranbl i ng code generators '
pt&ﬁ%ﬁ SQ‘%““"Z@& @%&Hﬁgggﬁ_&@%g@f’are gener at ed D

Lo el o e e R OAISF e MRt e 11

Sieatlarct @Y Stef D moddlbx 14 ﬂ@@é&hhﬁﬁﬁé’aﬁ&rﬁ%‘ f mtyj!gt 4 second

t he -scrambl i'ng ‘codes output fromthe sc I ng *co

 aligamentationit 407 whick@ligns the campuni csignadro Shahé stepfI miodule 16

p[oqessing by a realignment «circuit '17. using the
begis gtsgrazsh forthe serambliog fegde mambesat thier agirning obihe fminiec Once the
is jnput to the correlators 41,...4is. The

. 18, .is . . . .
gy Sigah sy een pligneds fhe alignment civenit ¢ oifefoswards thecippat signal to the

B T T T —

405000 o SHEHOI1, Y, CORGES BB 1 s 3

.deicésion tircwit €4 acdse bR bgshoRy SikcuiP43 dg?ﬁﬁ'ﬂ?ﬂiu& £6"and a comparator

frane, where N is the nunber of slofs to be
ciegatihdi| Beecodergroup hembepgeneraigd by the stephmodube 18iin@ipat to the

there are ten 256-c | ong data parts;

.Sl 0 hi _

' ‘.’lilﬁe&@ﬁ% %?blw&%@oﬁe%tm anblingreodes are generated

G Ty SlPulien BagmoREe oPuBsanerafi f0c a0, B Brwarded to the
scfa?ﬁﬁ%&ﬂescoﬁlatorsﬁ]l.lf’.ggﬁ E%{g%&ﬁg%{&e outputs, the

maxi output "and tts: "to be found. The

m nes.

[085ZP 3 dolong ol i Siantbing2kes! DoAY oth SthedorkiBling code

scranbl ed code correl ators ,...418.

- gemvatoss 4001.404], theddomitiuhitatib® sidndl, afi@Xprocesmss Dyl a REKenment

. generates an index thereof The index is the scranbling

cirgutie '1"husibg the dthp ofiSetoadal slogoffod eutputiiem tie ¢dntwoller 18, is input
orwarded to t deci si on suppart cirguit 45 and the .

to B SEHAGR .- Y heSTFIIOG dipofHls Uilhemen-sgherent integration

ovBP3EEE 3t A 5B BB R B S, e

| correlation is made coherently for each symbol that corresponds to the 256-chip data.

The absolute value of the correlatiox_i results are accumulated over 10 * N symbols per
frame, where N is the number of slots to be accumulated from the beginning of a
&ame_. In a single slot there are ten 256fchip long data parts; ﬂlcre'fore, ten 256-chip
(__:oherent correlation and ten accumulations are made per slot. Figure 12 shoWs the
details of a correlator 41,. o _

{0053] Afterthe correlators 41 ;-4 15 generate the outputs, the maximum output
and its index have to be found. The step 3 decision circuit 44 takes the outputs of the

scrambled code correlators 41,,f.f}A13"_zde;c;qﬁq¢s.ﬂ}§ correlator 41,..41; with the
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E

repetitions out of M3 inputs, then the code that has
been repeated is the scranbling code nunber that is
out put fromthe decision support circuit 45 to the
controller 1 S. However, the output of the decision
support circuit 45 is only utilized when there is no
firm decision over the consecutive M3 franes. Even
t hough the decision support «circuit is only
illustrated in the step 3 nodule 16, a decision
support circuit 45 as disclosed in the step 3 nodul e
16 can be utilized. for both the step 1 and step 2
nRMMmﬁMQa@ﬁﬂamigxﬂnmshnaﬁwxﬁmnﬁfﬁﬂnhm&misﬁﬁﬁémqmﬂhg¢GMM

g IR R R L R R TR
45 & @8 féeth el Be - ThENRcibioh A8HRKCciNalt US dbiervad el 1ast o3

using the noise estinmator Ccircuit 42, which is used
decifions mails by rthademmrec:tcmtaﬁtid ¥ agenda repeatst igelf more thas ke

repciipfsE LM bl oot e BB e W prapbing

cod ST fhat 1 %@uﬂﬁbﬁ@ﬂa debisoR sSpofidirchiel§ fthe bintollert k8s

any bras in noi se estinate due to_orthogonal
Hov&wgnﬂie outpuémifthtr émsam supportroirouit 45 tsfontynuiliges] svben there is

oo 5B orc o Rl ) FRE4TUE BR5 i o
circditfs Wﬂlﬁsuﬂwﬁt thd ste, flstnmdmdml aliRYkioh BuoFiroicait #PRs i S

greater than th cul ated threshold, the co arator

. disclogedoint theistep 3 mpgtlde éﬁ epn Be ptilized oy heth thersfeR. &1 §tep 2

i 0 othr se a low signal is generated
moa}’fﬁﬁ&cgfﬁ‘ﬁé %?ﬁth #e deci sion. [0055] The flow
[oosg] agr amﬁﬁndebﬁmﬁtﬁﬁdlaatai vilehitliddterminkd indsitiuat eerelation

gure 13. The code group number out put from t‘He tep

valngispneptsr hanshe cglenlafed thresholdivalus Ee threshldyalueyig calcula
wsing e e plfh 8 o P LE LAl gl tornois iR, dokipatn
factolc@ﬂc)nms@ff@dewmmbﬁ b?fakﬁlﬁﬂxesm'gaiﬁuieldﬁﬂlediﬁbee@emmmhs i s

then forwarded to the scranbl ng cogde correlators 41,
successwe&m@n{ogtmlstm is. deahw‘t ésﬂ@@ro&r?@wrlﬁ‘&séa Yes

bias ft?]h%@ﬁ&sc b8 15 GReREBhdl Fignsﬁ ﬂﬂ&feg r %s%lt%@ﬂae noitd8.

u"lca ion srrgnal “I's corre at

estinftdran it milgiphaltsy the gaiﬁfaaﬁ)ﬁhﬂhélmuﬁ:lpheﬂlﬁ;%whlsh spletemnmed
1304), which then generate t.en 256 chi p. coher ent

to becby o klor e o 0 Eerﬁ i Ber

calorigE s R it °§‘f?°§ec. s %%tﬁl?‘%“f“éa%%a
firm d86340n, oftieewides 108/ Gghatis pendratediihditetirgr emeatve deaision.
[0055] The flow diagram of the step 3 algorithm is illustrated in Figure 13. The

code group number output from the step 2 module 14 is input to the step 3 module 16

—D

* 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 oufput from the scrambling code generators 40,..40, the

‘communication signal is correlated in the scrambling code correlators 41;...41; (step
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correlator with the maxi mnum out put and generates an

i ndex thereof which is the scranbling code nunber
(step 1307). A threshold value is then cal cul ated
(step 1308) and conpared to the nmaxi mum correl ation
val ue (step 1309). If the maxi num correlation val ue
is greater than the cal cul ated threshold, the step 3
nodul e 16 outputs a high step 3 firmsignal (step
1310), which results in the decision circuit 44
outputting the scranbling code nunber to the
controller 18 (step 1311). Oherwise, a lowsignal is

13043 tvhinh then gqnerat@dm i chégy coheretomplationsznd moaweherent

oD PR AISED, T ARl eI i

stes 8 RRGision canmw 44 (4op 1306)CT Vs déditor aivduit\B4 deeinsinesnthe
made by the decision circuit 44, a scranblj ngl cod&l
corglafasavith the suaximm ogiphradgsaeraiss pa indey thgseqd, which is the

scrainpugm (’ S Fmp&-i%iﬁlfﬁﬁf dﬂggue% cﬁ&{%\?ﬁ%%ﬂg@ﬁ%ﬂ@.ﬂﬁ G{EP IY%?S@ 1,
d}) dgﬁpg?ﬂ g,o al;é rﬁga_xféﬁgxtm @amlatﬁmgc;amer(e;ep clUBﬁtg) ::[ﬁ the mm:ﬁmum

conplafier vably wpﬁs@rj p fé’sﬁ\?é@i’ gm@@?#@w@s‘s a

ahléﬁél Ct%Ile W%lj;%gmhr ow exc usi he&c‘%g#?u Iﬁ;ﬁg o

e g °“ﬁ*§“’ﬁi"?‘?‘é o search o 33"3"?? Chim b o Zi‘?‘éf‘ﬁ“éﬁ?

i oyt DR oIR8 e TR B BB rROeDerS oot

the {EREIN uBfort g{r Qs (cs&ﬁ %ﬁ%} VeicleaflE aeraﬁtm fsﬁlfpoﬁeﬂbﬁit a5

ogic u trolfer 18 to determne the
obsqvesrthe lastdB ahinkmnﬂgmamte' the ﬂmmblmntl Haeisoamblingrcadne

tti b I I d
nunpa 5 G osie s bes e arriting B mR R s F Gr
oﬂ@tﬁﬁmgﬁ,lm?gy gnal and the step 1 counter signal from

dule 12 (step 1401). the step 1 firm .

[0056] gnal Rb&nﬁl@apk togigere rinhommumsl&‘@mmsm rejeeted ehipn

oftsc onBpty 8 BSepte Lo eBpiep 1 G redied by SEpatli e ,
vect&ﬁﬁ%@ 13, afgi&tea?ﬁﬂl ady SRl dotte Qﬁﬁl@éf@teﬁﬁcisﬁﬁl@&ﬁmﬁitow

slot offset value step 2 firm .and step 2
2 and awnndnw @mﬂns;onllagspxrcmﬁé t s contspller 18is meﬁﬂg make bejter

co r ol wards.'-15 the fi C oup
docioh iy p i i o R, i asoPrdapfe, pih B B
emb&ﬂﬂkﬁtqulﬂﬁl’ rasent ikn@es.ds a tentative code group to the
step 3 oPu le 16 (step 1404b) and if the step

[0057] 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 ofiset, the step
1 firm signal and the step 1 counter signal from the step 1 moduie 12 (step 1401). If
the step 1 firm signal is high, the controller 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 controtler forwards
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2 counter is less than M2, the step 2 nodule 14
continues to generate the code group nunber (step
1403). If 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 scranbling code nunber and step 3 firm
signal (step 1405) generated in step 1403, receiVing
the slot offset and code group nunber. If the step 3
firmsignal is high, then the derision logic circuit
the Srmleddergroupds tefstcp Stmmiu!m(m;rﬂﬂﬁl%@; Qthdrvisr, thsecontreller it m

forvyarge GRgHER cop U odhestem S b 18 (R 0k ndfr ik Sfp O
2 co‘ﬂﬁtgf F?ess faf P2 QP b Phodufe 140atitulath sbherbi QheSdod@ gﬂ)up

e contlnues to generate a code group

numbst @fep 14T) Iftm; step hoamter ihequek to M2 thepdha sien ?e’@éii‘%lé d44

t t I 2
ok i PSR IBL 80 Rl REAE e
slot Wpikét (sﬂeg 946H)C | THeQepO3 fddhile b6 hbE gaictitesth sopainbling ldbde s
firm 058] Duetoa8055|ble|n|t|al frequengy error

nurmber anldstcv@cﬁme&mé Estepd485)arenersted ibtenc K03 Jeerl i t

Ther ef o S. [
ofsg e ode Guh BiRbG: 1R AT RO RR Herth BRI 6l
cmﬁfri WeieMmihdiahidihanthnitiag ¢6ldd nunklpels firimaridi ealds thetdecisionf

the BE, the controller 18|n|t|aI|z the ¢ tzﬁrch
- logi¢ procase ik yestspridiratrignat is dep anttpe S f B pigaat gﬁgh

ef er r| N
step %S%Mygp{hlg\s}%pfzr equenc;ﬂ/éﬁg{ég%:/c'd?e}ﬂ AFC) 4 and a
numb&y (sa@em?wt OtHekeige, QE@sﬂejJ at modul¢ YeSeves’a meseh sigeadi fremn | y

controlle

osci | | at or Fﬁ@ | ed,.to the

conteadier }pandapsetsahesiep %%&nt@d@ step é‘fpﬂﬁ $hracy BHyps

tl?l'! quency step table
utt %C%E%ﬂo‘%gg'?%\ﬁle e contro'f er 18 is initialized,
[0058he AFDud t6 etpessithe iditld dreguency Lmong1 the VOO, axeess loss of

frequency in the PAT and t (S et val ue fﬁ{omth

signgisprrelpiiprsmay, pecupy| Theref; eﬁu&?% mewe%@@ I Qrder oy,
: rtdeelil FST
cont}oget‘h %ﬂ%&lﬂlﬂ O;?Jsmﬂ:l% ﬁ(eﬁr eq gﬁ@% lééstﬁ%gftﬁ% '[J]‘:zzgl? tfﬁr gea ugﬁ)&nes
initidtRati@yoTHeIUE, the&ontﬂ)ner P8 in#tializes the o1l sedrch freqngney ngingdhe ch

Srequssay SN 30. RTINS e AFSITH s i o, R yep 20
comglﬁs%g Gt SdaphiPEHeduefi iRtk BAREPE atY FdltabConfdNed ScliRtor18.
(VCO) 7 or numerically controlied 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 used by the controller 18 to conduct the cell search. The

l-f-

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 controller 18. The
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a level | controller (not shown) utilize to | ocate and
synchroni ze the UE to the base station. For purposes
of this disclosure, the plurality of frequencies
listed are defined as FO, FI, F2...FN in.the FAT and
the offset frequencies in the FST are defined as SFo,
SFI, --SF1, SF2 -.SF2...SFN, -SFN. Accordingly, when
the controller is initialized, the offset frequency
is SF.- and the frequency > FO. The AFC 4 conbi nes the

PAT IR Sy ST g RO BRI S T Ao i equgroter 13, or

aletdq SnttSIRGABE ShoWn) filfetB 19GEBAY b FAMBAEY: tHeIEW the base

The control I'er 18 perforns. the dect st onl ogi ‘

statiohs Fop parpabouthit diselosere, the phualigy obfrefnarsiss lifted are defined
- _output- step 3 firmdoes not go high, the controller o
as FgilgnBy. sFy bretheARATanddhe offpetifreguensies i theFSTrare Wefired as SF,,
N examl.e, SF1. The AFC 4 then_ conbi nes 't he, new, .
S_Fum%h;ﬁf —rirﬁu&%w - w-h Acserdingly, whey the caatreller isgutgitized, the
© endnd out put sethe resul ting frequencyto,the VCO:or NCO
ofts@HeghBR ISR g BR Mot e’ i SHAEL ORI e Vo values

oSS LlS SIS RSP BT VECPE N0 1, v

maifigine e UK fieqhddty AR forwaded fedfendyndi cating a firm

~ - detection or until all offset fréquéncies have been ‘
[0060} i ed b¥he bentroli¢r k8 perforis. thédedsmnl logif distlesed tbeve. If after
“ .. frequenci es have been tried, the AFC 4 resets the FST
X numbes of franees tha optput stepJirm degssnatgohighnthe comtredles sigpals the

' ipn the FAT,, F1 and_conbi nes_the two val ues F1+SFQ, '
AFC; grtooﬁ?lb ut theoneHeoREsh 1B thediS T, fornexaypis,o$Fncdhe AfEh4 then

B R R T Cp—
oS Rt )CO U007 @iy U5 4 cny.
{0061 hr ougHlidreortiSlicani§ cohemuestte peprliroughtthe ofisus fréddencies in the

. frequency is continued until a high signal is output
FST wytil highesignalnisoidtectad frandke steps3 evediiloobtindicdiing a firm
det ecti on qgf sgranbling code, the AFC 4 |ocks the
detecHigy s pdiall offie Egguancicschave bren trissky thsrconteallerd 8p Onee all
' tild the contrall s ipnitialkized
of th¢ G4 EiaiRs ask BEpR AR, B ARG iehit e 8T R freguency
r _
to ST % Rk FAT) M OBN T el et vatcs
F+SFj fo@itpat RAhRINMOLR NIEOET, THREVEERLNRICQ!T theh réfiflates the UE
~. ' service provider provides : -
frequency to this new resulting frequency and the controller 18 then performs the
decision logic until a high signal is detected from the step 3 module 16. This process
~of stepping through the FST and then stepping to the next FAT frequency is continued
_u:'nti! a high signal is output by the step 3 module 16. Once this event occurs the
,c_le_:t:_:cﬁ_on of a scrambling code, the AFC 4 locks the FST offset value at its current
position, not to be readjusted until the controller 18 is initialized.
[0062] As those skilled in the art know, most service providers in a
. communication system have a different public land mobile network (PLMN). The UE

utilizes the q;tegycd PLMN to determine whether or not the service provider provides
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-17 service in the UE's location. The controller 1S
utilizes a wi ndow exclusion logic wthin the w ndow
exclusion logic circuit 6 for overconming a rejection
due to the wong PLMN. Since detecting the HGC 21, 22
out put at peak val ue always gives the sanme PLMN, the
controller 18 utilizes the wi ndow exclusion logic to
overcome this deadl ock. The w ndow excl usion | ogic
circuit is coupled to the decision logic circuit 2,
rejected chip offset vector buffer 9, a rejected chip
of fset counter 11, a rejected prinmary scranbling code

 serviercincthe B lecativB, Tha coutrolled b&umw ﬂlWI&d(yW sxalusisl Jogig

witin dgacwindig < insian Ipek e O eoERLog ety dhR ¢ e °
Wroﬁg PMA. 'mﬁéé'd%teﬁﬂfgttﬂéHGﬁﬁ I XouBfk KPehk vameralwmrgwﬁatueng

es stored i he r%eect ed primary scranbling code
samgEMIN, theiEdngnolldr3l 8 ut:hzas Wmdmle&clwrahﬁlcltﬂ gvasenmee this

- deadfgel neiiEliy i ioktnets SRR ateled i ek i

2, r§jéGtdlip Bk %&oﬂbﬂﬁéﬂ bl a Rjdcfell RhipSofiseEcduate 1R Nrejected

initiallzes the decision | ogic circuit again, Each

pnmarﬁecran}zlmmdsf ventorwier by aada eeiectod jrauy serambling eadep

couflps? chpepnRlon SRR dfvnt bbbl Bmb TRt fnk fodg

outp%ﬂﬂommtd@m Iﬁckwer@slhstgﬁmjmwpmﬁary Gemblagicodesseoratiar 5

- the decision circuit 25 wthin the Stepﬂg&’ﬂmm&ﬁ
,,,,memc@én@mM§mmbhw0§@mbvﬁ%rﬂhé thepamagyFeramblipe e1oes ot

o A 8 k] el GEhe LB A1 RS wiGl RIS

deteRENthe vihddwoetsiondegic virtiies wjedodic cbie amk initidizenthof
the detected primary scranbli n code and c
decigipp lngiceinguitagaing Eaghttihe HPHHRA sGail W"éa‘ﬁaﬁv WBng.

o offs%alic %fggﬁ&a@? By %%eh)ef Eno&ﬁl@ i sft’&@& AE&&{ Ehlja il

ase station or ew frequency

vectbabdlfer 9 at&Eﬁkeb)bytth@Iﬂadﬁl géncﬂamcmt The mask g@:@%ﬁ]s bhithe

.order to adjuyst the freguenc nd .used e .
decigigm eiFquit 25rwithan thestep moqule %@dﬁ? E%!EWEQ ejected

Ghlp%ﬁp to ’f‘%]d]ﬁrnexﬁfq r eq%&%%ﬁﬁh@aﬁ&nW%% 18 °

to devdrriret wiiclechimrin wachfslot tueexElade intheseindow hEheaClusion wbthaes

t he newfrequ cy with the t offset fre nc The
detesesy g2 eaths a3 ahipBets o Wt P PG & sin
froqQe) GEHERY. &zﬁé}%]ere%e o P@MB&EﬁgﬂéxﬁdOW

u3| on {ogl C ut| I zed by t e contro
by the base station or new frequency band is used by the level 1 controller.

[0063] In order to adjust the frequency band used by the controller 18 during the

-window exclusion logic process, the layer 1 controller signals the AFC 4 to step to the

next frequency in the FAT. Since the offset frequency of the FST is set, the AFC
combines the new frequency with the set offset frequency. The VCO orNCO 7isthen

- 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 finds a prinmary
scranbling code (step 1501). The primary scranbling
code is passed to the upper layers (step 1502) which
store the frequency and the primary scranbling code
i ndex (step 1503). If the PLMN is correct for the
particul ar service provider, the UE is synchronized
to the base station, and the process is term nated
(step 1504). If the PLMNis incorrect and there is a
frequency remaining in the FAT of the AGC 4, the ACC
find¢a ptidpy stramblieg codx (steprls6 e by piimary keramblingoode ispassed

to o P RRE gy oS (AU R B e he DT o e BB scbagtbling o
code; Lﬁgﬁ{ (gte% 1503) Q?g;b PREAN BRoBLIRE Me%%ﬁﬂh%rﬁ&%&wddrt the

e noted that the failuré condition nonitors
UEis isj’moﬂiﬂmd tacthe baserstation, fand the process is terminatedl (etep 1594). If

f | ed nd]
gt B e SoaEtey oot InBF BRI AGG 4
the A@C 49461 Ko the ﬁ&i& rfreﬁﬁ&cf i the FATcaﬁm tholcbidllet €8 Ghanges the

frequency). there 1s no frequency |left within the
ﬁequ'eatry, stones th@mmw sesamblingiveds indha @cmhélf&aé&pmtdﬁésets the

ool vl SR Cehd shalt, Fofbily! R ot B SEHEe g

monftér8 GUBAGHe SRfltcP BEFES 3, LN hejnes te detprbiimmwlicthar afiiled ng
code to the initial ceI | search with wi ndow excl usi on

.condifismrasqurs s e fiilad ponditionriadieaen thay syaehranizatien ayill noheccur

el B RERLE el DAY LAt

FAT! @ce6htesller P§ beiisyto Sy swweep iiegfreeeterics mﬂmxhdﬂ sidred trimarn e
rejected pri rrary scrarrbll code vect buffer 13 and
scramblingoefedstep 40 h{ﬁ{bwe’r@ g\tlegpy passes

R A s
ity 17 T et 1 e i s

i ekt e i
pnm%& lgﬁ{ﬂﬁfgg bk & C[%LE ed io%é ]féc&ﬁbﬂm stn%ﬁ'fblilig Co vebiek T er

refe |p oft'set “counter 11

buffer 1T HiRiTReERcled primay sctExﬂBl)ng cMm:ouﬂ:bﬂ is memmehted mpslﬁ 9.
l ogic .is again, run excludi ng dowaro

The WHF@@@W’@!@P [oRisyip siand g P@Bm'léﬁ@)l 5“-"0 e gtarc
[ ity el
o0 A R B s e 0 MOy
scrantbiling ¢bdd vegtocmutter 1 8,chemthe &hqﬁ bfvet is phshied iﬂh@ﬂ)deet,]&tt(bxhirc hi p
of fset i s pushed onto t ect ed fﬂsp of f set ctor

offset vector buffer 9 and the rejected chi et counter incremented \f

1511). The cell search decision logic is again run excluding a window around the
rejected chip offset (step 1512). If the primary scrambling code generated by this cell
search decision logic is again stored in the rejected primaty 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 decision logic excluding a window of value rejected chip offset is run again
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buffer and the rejected chip offset counter is
incremented (step 1511) and the cell search decision
| ogi ¢ excluding a wi ndow of value rejected chip offset
is run again -19 (step 1 512). Steps 1511 and 1512
continue until the detected primary code is not in

the list at which point the primary scranbling code is
forwarded to the upper layers to await an

acknow edgnent by the base station (step 1513). If
there is a failure condition and there is no
freﬂfenc left, the controller 18 indicates that no

(sten dp12)c Steps 15H\aal 151 @np@teephhm ﬂyte@tpﬁbpmm@wp@m agt liﬂs

the B REARA ot hl et Sdfiid oSS A0S o e Ry

awaltBars Eél&oﬁldﬂg!mft Yote hese stativn ﬁapsmsx hE th&jeas: taeﬁﬂure
r|narg scranbling code for that freguency (step
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scranbl i ng code counter I's 1ncremented (step
synclttonized kd the basa stetfondipon mpt dfdg: acknosviedgmentystep1 683, landi ng

, a w ndow ar VLOUS e'ec d. chip offset
the Rjogesols (S J&fl'ﬁﬁ?@ Sk Prime Brafing o
codeCio PhéHal lih the\djecdd BEm ra‘ikﬂ:lﬁﬁ wd&@ecto% bake 133Q:ldeth@r
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rejec@d/privBacy\setambling: bodie punters3 islincyemeitad dstepe kE15)s iTon cell
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associ ated with said base station; determ ning whether
said first base station is associated with a specific
public land nobile network (PLMN); adjusting a search
frequency in response to said determ nation of said

PLMN;, storing said primary scranbling code in a code
buffer and said offset in an offset buffer; conparing
said primary scranbling code with a primary scranbling
code stored in said@ddMSbuffer and said offset with

et stored in said offset buffer; rejecting
Whaglgic@mbq%] $rary scranbling code and said of fset in
response to said conparison; and conducting said cell

search excl udi nglga predet erm ned wi ndow ar ound_any
ofif set & windewieaclysips aethndrfppeondpctingigitiab eelbsparch

and e o Lol Do Bk tRePRulie B mnd AT SBRR gna
in a comfehicationgR&wirk hesAéthod@mprising dieiseeps of: gnal and
generating an index value associated with ansﬁrl mary

syandnetingi & aell enarchol@edaict ai prineasy geramingiceda amhoiseynal |

assocﬁf’e %th’sgl‘a%sesﬁltlﬂ bei ng used to cal cul ate said offset;
fi actrng a peak sanple from said comuni cation

Scﬂemminmgrwheel&p sdid frst bass atation is asteciatedivitk a spetificgblind

pr.ocessi communi cation signal in response to
land@%ﬂanﬁwqgaﬂ’i«m and said peak sanples and retrieving

aadﬁﬁﬁﬁ%z% Qfé ﬁlfgﬂ%m r%@ﬁﬁsegé §a§c?&eter@ﬂﬁt1§l?8ﬁgﬂ%m :

ni za rocessin

csn)mrmgmamiqlrlmy sirgmblingacude et mocm/buf&r ancbsmdmffset in an
}écarrbl ing code in response to said code group number
offset Bpers ai d sl ot offset, for synchronizing said UE to

SR oA MO L YA BT
in said code buffer and said offset with an offset stored in said offset buffer;

rejecting said primary scrambling code and said offset in response to said
comparison; and

conducting said cell search excluding a predetermined window around any

offsets in said offset buffer.

2. The method as claimed in claim 1 wherein said cell search comprises

the steps of:

receiving an input communication signal;

first processing said communication signal and generating an index value
associated with a primary synchronization code within said communication signal, said
index value being used to calculate said offset;

extracting a peak sample from said communication signal in response to said

index value;
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adj usting a search frequency of said UE in response to
said code decision until said code decisionis firm
3. The method as clainmed in clains | or 2, wherein
said adjustnment of said search frequency conprises
the steps of: extracting one of a plurality of offset
frequencies and one of a plurality of search
frequenci es; conbining said one of said plurality of
ofsécond prfomsing said esmmintiéntiom signal meres;ﬁonsaiockaldphdmadaluby of
u cjes. for generati search
and SF BEAKSHEES i R RY A o e doimben ok Bl A oy
syne gl{&dh@ﬁ]c&ﬁl d of fset frequency in response to said code
ecision. 4. A systemusing a w ndow excl usion nethod
ftlmdqmmﬁsmng segd cormmuaicateml dignad emt etricaing mimilyi shing a

o LI A A T
b
synchfdh \krgssﬁiﬁmo%’lﬁ%%@sfa%n @Eiﬂ‘i"&héﬁg éﬁ%agjé Eﬁ;ﬂgblﬂig e

., a prinary SCrand
code btfmgaafmscﬁbdleaslent anlt h said base st ation; a controller

arl sai d scranbl i and saj d
oitbushie R staih SR Bn Bl U e one o o ore dedion i
saichéleed?:HEIbﬁ)fsM”t hesi zer for adjusting a search frequency

In response to an unfavorable conparison by said
controller. -22 5. The systen1as claimed in claim4

bt 1 ool PR ingflimt BB 2 Fherf SR adSBfm Aok cies,

search@e@@ﬁ@x&mﬁggs% Sftéf,goﬁtorl ng rejected chip offset

vectors; a wi ndow exclusion circuit for overcom n
rmxjtre@mgmme lod gi pdurakity b oflsetdraquensaisdind wné af e phibaley o

ari.son and to detection of the PLMN; and a

Searc %IB B | ogic circuit responsive to the w ndow
%ﬁibﬁﬁig%ﬁld(ﬁné @ﬂéaid Plavality G bffefTrodueskidsith dalieond OF &6d ed
scranmbling code is corfect.

plurality of search frequencies for generating said search frequency;
maintaining said search frequency; and
setting said offset frequency in response to said code decision,

4. A system using a window exclusion method 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 cell search system for detecting a public land mobile network (PLMN), a

primary scrambling code and an offset associated with said base station;
a controller for comparing said primary scrambling code and said offset with

pre-stored values in memory; and
a frequency synthesizer for adjusting a search frequency in response to an

unfavorable comparison by said controller.
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6. The systemas clained in claimb5, further
conprising: a mask generator for determning the chip
in each slot to be excluded by the w ndow excl usion

circuit, responsive to the chip offsets stored in the

second buffer. 7. A nethod for conducting initial cell
search and establishing a conmunication |ink between

a UE and a base station in a comunication network,
t Be nethessten apdaimed i dava 4svhspein sid coptreltpn irthety a cel |
S%%@Hse%'o detect a primary scranbling code and of f set
associated with said base station; conparing said

praifirst by fferdfoestdringrgetabtigingry beranlling-cededy ed pri mary
scranbl i n code, and saj d,of fset with a pre-stored
oférsgeand bpﬁ?refe&sthglgﬁme%_ &€ bl i ng code and

For i ERlulch SRUFLEBTRATMIRE RiiRoy AR 0
unfaynrabdetompariscachindiodibtestion efithoPLMNyandej ect ed of f set s.

a decision logic circuit responsive to the window exclusion circuit for

determining that the detected scrambling code is correct.

6.  The system as claimed in claim 5, further comprising:
a mask generator for determining the chips in each slot to be excluded by the

window exclusion circuit, responsive to the chip offsets stored in the second buffer.

7. A method for conducting initial cell search and establishing a
communication link between a UE and a base station in a communication network,
the method comprising the steps of:

conducting a cell search to detect a primary scrambling code and offset
associated with said base station;

comparing said primary scrambling code with a pre-stored primary scrambling
code and said offset with a pre-stored offset;

rejecting said primary scrambling code and said offset if said comparison is
unfavorable; and

further conducting said cell search excluding a predetermined window around

any rejected offsets.
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