[0001] CELL SEARCH ALGO [0002] BACKGROUND [0003] The present invention generally relates
to user equipment (UE) synchronization to a base station. More particularly the present invention
relates to a cell search system which utilizes an improved initial cell search algorithm. [0004] Initial cell
search algorithms are used to synchronize the UE to a base station. The UE accomplishes this
procedure via a common downlink channel called the physical synchronization channel (PSCH).
Referring to Figure 2, the PSCH has a structure 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 fifteen (15) different SSCs. As those skilled in the art know, a

frame that is flft 5) slots long nsmi fi{s ) 05] The transmit order of the
SSC depends o 8ﬁ@éjlprlmary scra ﬁ?’%gc(‘;%&g m&%@g ample, 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 ?{% (ﬂferent As a result, thereg%ggg Q#Egéed and twelve (512) primary scrambling
codes. Each cel 9 five hundred and twelv éﬁl tem, is assigned a code such that no one
code is used by oo than OMC@H:MQ gﬂmﬂ@cqmen‘aib,reaeimoei} Tzﬁefeaqmgﬁha}cmarch

synchronization systems determine the r.ima scramblin e of a cell ut|IJ an initial cell search
-Igorithm. Comm (o a7 SGTG EADIACS TSRS ARGHHAHELARIZE | algorthm

detects the PSG@%M@WW&@%M &x@i@peﬂ aigw&nﬂ:ammrﬁgcﬁfmmanon given by step 1
and detects-the ffset a grou r; and a st 3 aI orithm ytil information
provided by the @@ algo ﬁé@tg %ﬁ%ﬁﬁ?& %ﬁ]@s %i’ each step
algorithm has arsmmﬁrerﬂeﬂﬂm@aamsahed i pdbécddues etrog cpmemiumaﬁk eﬁﬁﬂmﬁe@aﬂs caused by

the UE detecton,of cice ASSORaad vih 16 .3 (A5 hGammgn SRumin shepggl on oan resut

& structure wherein the same primary synchronization cede (PSC) is fransmitted at the
beginning of sach slot, while a secondary s&nchmnization code (SSC) is transmitted
for each slot, resulting in fifieen (15) different S5Cs. As those skiiled in the art lmow,
a frame that is fiftesn {15) slots long can transmit fifieen (15) SSCs.

0065} The transmit order of the SSC depends on the primary scrambling code

group number. As an example, in a five huadred and twelve (512) cell system, there
are sixty four {(64) groups. In each group, the patterns of the 88C and its cyclic shifis
are different. As a result, there are five hundred and twelve (512) primary scrambling
codes. Bach cell, of a five hundred and twelve ceil {512) system, is assigned a code
such that no one cede is used by more than one cell i 2 given reception area.

[0606]  Thereforethe cell search synchronization systems determine the primary
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 determnines a chip offset; a step 2 algorithm uses the information given by step
1 and detects the slot offset and code group numbes; and & siep 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 i. The error
prcscat in each of the steps is caused by the UE deteciion of noise associated with the



detections. [0007] Also, the common initial cell search algorithms can not handle a rejection by the
upper layers of the wrong public land mobile network (PLMid}. Since most algorithms detect the
strongest cell in the common downlink channel, it is likely that each time the algorithm locates a cell
the same PLMN will 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 method
mat reduces the number of false detections by the initial cell search algorithm and is able to
overcome the deadlock associated with a rejection due to the wrong PLMN. [ 9] SUMMARY [0010] In
accordance with an 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, receiving an input communication signal, first processing the communication signal and
generating dfChitRe VBN dewptidelinvith whipkitnargssiine hrogivativiecotilvwithin the communication
signal, extragling aspeak 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 retrievin§®7tode drsepheuneibepnsietisifsdtsant skporitascsynoHanilkation code, third processing

the commupicail [ L[eligyi i lin in.response to the code group
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number and the slof offset, for synchronizihg the UE to the base € retrieval of the primary
scrambling E¥eigihgsieterd derrorgesh celieibajeranoydawalmiotidnedLicis dijedf the UE in response to
the code degisiam inaeauanee il aoatietAsPaRBAPISSAALIVENon, there is provided a 2

system for conducting initial cell search and establishing a communication fink between a UE and a.

base statiority Rt deslotkend sitimiredy an indication to the UE that there is no

service.
{0608} Accordingly, there exists a need for a system and method mat reduces
the number of faise detections by the initial cell search algorithm and is able to

overcome the deadlock associated with a rejection due to the wrong PLMN.

{00091 SUMMARY
{00107
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, exiracting a peak sample -
from the communication signal in response to the index value, second processing the
cormunication signal in response to the index value and the peak samples and reﬁwvmg a
code group number, slot offset, and secondary synchronization code, third processing the
commurtication signal and retrieving a primary scrambling code in response to the code group
number and the siot 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 pmvided a



system comprising, a first module for first processing of a communication signal and generating an
index value associated with a primary synchronization code within the communication signal, a
second module for second processing of the communication signal in response to the index value and
a peak sample extracted from the step 1 module and retrieving a code group number, slot offset and
secondary synchronization code, a third module for third processing of the communication signal and
retrieving a primary scrambling code in response to the code group number and the slot offset, and a
controller coupled to the first module, second module and third module for controlling the adjustment

of  search fgguency g the UE 4 J{?Héeveimﬁ ﬁrim%réﬁscratl%l%(i:ng CO%% in t&[::g%%&g%‘munication signal.

In accordance with yet another aspect of the present inven there’ i prov M&thod for
establishing SPEBHYHtAemETE helebenwebl andEaheha stitise $tatianmrancomonumicedien thetwork,

comprising theRIRPE: ARAIAECSS At ARJAGRTIAOSPTIMUNGAN D SIanaland gRnealng agindex
value, extracting a peak sample from the communication sigrial in response o the fRdex value,
determining &SEEFETG S P AemibISrRsresHspd evighthep e wsmehretizating agddmatischambling
code in respensfiRae GO Sendl O RBMMREL IS YACOERRIZING P& WE 198 hase station, and
adjusting a search, frequenc%lg? the UE in response to the reﬁrﬁieva%%%tﬁg %ﬁrrcl%ém%?gﬁn%ﬁng code. In

accordance WAL eSS R tieondse prbiserdivenicimnls exsagsed idatthesygpemiatbonducting
initial cell searahvanevasiablishingaucammeniciioniiok herwesn 8, UE and a,bass stationin a

communication network, the system comprising, a first module for generating an index value
associated R P S HGHPER SIS Hode RATRTRURISBAM SieRahtiod srymesing Sepamanmodule for

determining e:aaffingesR MFRREHIS ELHRRIR IRHRSIRNB: Valle: AthiSHIR e fr Rlieying a
primary scrambli c%%? in response to the code group number, and a controller coupled to the first,

second, andtHiP dUStReRUREMINg rrduls aadtird prdude feronsatisadhesdinerumtio retrieve
the primary s¢rampling ceefiadieo CHBMUNIGAIARRIGNAhS primary scrambling code in the
- communication signal.
In accordance with yet another aspect of the present invention, there is provided a
method for establishing a communication link between a UE aod 2
base station in 2 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 respense 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 scrambiing code.

In accordance with a further aspect of the present invention, there is
pmvided 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 vaiué associated with a primary
synchronization cede within a communication signal, a second module for determining a code
group number in response fo the index value, a third module for rehicving.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 2 search frequency of the UE to retrieve the primary scrambling code in the
communication signal.



[0011] BRIEF DESCRIPTION OF THE DRAWINGS [0012] Figure 1 is an illustration of the initial cell
search system made in accordance with the preferred embodiment of the present invention [0013]
Figure 2 is an illustration of the physical synchronization channel [PSCM. [0014] Figure 3 is a block
diagram of the step | module in accordance with the preferred embodiment of the present invention
[0015] Figure 4 is a flow diagram of the step 1 module in accordance with the preferred embodiment
of the present invention. [0016] Figure 5 is a block diagram of the step 2 module in accordance with
the preferred embodiment of the present invention. [0017] Figure 6 is a graphical illustration of me
Fast Hadamard Transform WHT) structure. [0018] Figure 7 is an illustration of the input matrix
structure in accordance with the preferred embodiment of the present invention. [0019] Figure 8 is an

illustration offtipgipode grouBRIBH DESIRAIIIGNTDIREGRIIRAGENED the preferred embodiment of the
present invention. [0020] Fi%u,re 9.is an illustration of the correlation matrix structure in accordance

with the prefdited emdddifiert ¥ istrieh tiasHtb reifcozeh pgeresatoMand | OB show a flow

diagram of thegiefwg e tiied @;gg@mﬂgm&@tﬂ;}g@gt prefased embodiment of the present invention.
l.is a block diagram of the stetpr)_t3 module in accordance with, the preferred

t[aorg ﬁgld E%l:wrﬁ'fzﬁ% e pre%é?f?i?l\‘fe?ﬁi'gﬁ?’tfﬁm Ry el wphRuzaing e the step 3 correlator in
accordance_(?x&trﬁ)the preferred emboc_iimer_lt of the present i_nvention. -3 a [0024] Figures 13A and 13B
B o ™ O e P B1cE e o S i M e et CmPodiment of the presen

preferred embodiment of the present invention.

j00135] Figure 4 is a flow diagram of the step | module in accordance with the

preferred embodiment of the present invention.

{0016]  Figure 5 is a block diagram of the step 2 module in accordance with the

preferred embodiment of the present invention.

16017 Figure 6 is 2 graphical illustration of me Fast Hadamard Transform

(FHT) structure.

[9_01 8]  Figure 7 is an illustration of the input mairix structure in accordance with

the preferred embodiment of the present invention. |

[0019] Figure § s an illustration of the code group matrix structure in

accordance with the preferred embodiment of the present invention.

- {0620] Figure 9 is an illustration of the correlation matrix structure in

-accordance with the preferred embodiment of the present invention.

00213 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.

10023]  Figure [2 15 a block chagram of the step 3 comelator in accordance with

the preferred embodiment of the present invention.
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[0025] Figures 14A and 14B show a flow diagram of the controller cell search decision logic in
accordance with the preferred embodiment of the present invention. [0026] Figures 15A and 15B
show a flow diagram of the controller window exclusion logic in accordance with the preferred
embodiment ofthe present invention. [0027] DETAILED DESCRIPTION OF THE PREFERRED
EhRMODMA4ENT [0028] The cell search synchronization system 10 in accordance with the .preferred.
embodiment of the present invention is illustrated in Figure 1. The system 10 comprises a step |
module 12, a step 2 module 14, a step 3 module 16, and a controller 18 to accomplish
synchronization between auser equipment (UE) and abase station. In order to accomplish this
synchronization, the UE, through the cell search synchronization system 10, utilizes an initial cell
search algo@ Dk 10 be ko‘.scIos f#er 'ri er. [OO Q%ET e ste %}%orlthm %{the initial cell search
algorithm is ‘acco pllshedL tsihg e Step T Modure® %@%ﬁt HS ?ﬁ@’&e‘ﬁ‘l module 12
comprises tM@mﬂﬁhﬁ@Mﬁ@ﬁm&t@m@ﬁﬁ@ﬁ@h@ﬁ:@&m&MMe value modlflers (AVM) 23,
g_tlle splatter 19, and a

24, a deCISI uit 25,2 normalizer 26, aook.u bIe 7, amu

step | compz 3%529 Th%:%uretsnrlgée dﬁ%@:}é fiﬁ‘ﬁéf Sﬁfﬁl?éoﬁl K3 5 he step | module

12, but are |dm&gnemm¢wmmmmwmmm¢@ﬂsﬁ]tﬁbg@emmm&he step | module

12 is to find ronge r e worth of samples the LIE has getected and determine the
i %ﬁ@%ﬁgﬁh%ﬁ%% Y ol el |

chip offset of the stronge oupTve e sp er é“ghaped filter that
samples theeadmhn OgBNirnaneHoE dmlsedstativnfditpesctiénobipicate and forwards
the sample signal to the sputter 19 The splitter 19 splits the sampled signal into its even and odd
samples and passes them to HGCs 21 22. 4 [0031] The HOCs 21, 22 are coupled to the AVMs 23,

24, and the [§8@ile I3 A0 BMEQEFEBVEING be disclosed
hereinafter. {00283 The cell search synchronization system 10 in accordance with the

preferred embodiment of the present invention is iliustrated in Figure 1. The system
‘10 comprises a step 1 module 12, a step 2 modude 14, a step 3 module 16, and &
conﬁ:eﬂer 18 to accomplish synchronization between a user equipment (UE) and a base
statiop. In order to accomplish this synchronization, the UE, through the cell search
synchronization system 10, utilizes an initial cell search algorithm, to be disclosed
bereinafter.

100297~ Thestep | algorithm of the inifial 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, & look up table 27, & multiplier
28, a splitter 19, and a step I comparator 29. The root raised cosine filter (RRCFIR)
1 shown is not a part of the step I module 12, but are illustrated therein to provide a
complete picture.

f0030] The purpose of the step | module 12 is to find the strongest path over a
frame worth of samples the UE hes detecied and determine the chip offset of the
strongest path. The RRCFIR 1 coupled to the splitier 19 is a pulse shaped filter that
samples the downlink communication signal from the base station attwice the chiprate .
and forwards the sample signal to the splitter 19. The splitier 19 splits the sampled
signal into its even and odd samples and passes them to HGCs 21, 22.

4~



HGCs 21, 22 correlate the PSC of the input signal. As those skilled in the art know, the HGCs 21, 22
output the complex values of the even and odd samples of the input signal, respectively. The HOC 21,
22 outputs are forwarded to the AVMs 23, 24 and the sample selector 34. [0032] The AVMs 23, 24,
coupled to the HGCs 21, 22 and the decision circuit 25, determine the magnitudes ofthe HGCs 21, 22,
equation to generate the magnitudes is determined according to the following equation :
abs(x)--max(jx, 1, Ix..,gl)+0.5*minQXx,.,,J, (X ,) Equation 1 The use of the approximated absolute value
in accordance with Fquation 1 reduoesthe 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] Tigostgcision Giteu#@Ss gouplegdsbaAMY ;% Hand the, Gartialehlf. determine the
chip offset. The modified even and odd samples output from the AVMs 23, 24 are input into a M[IX 8

within the deX&m9F citehibogenApediibiidd o WM@&%@%qupresemaﬂon of

the strength gtahezsionadotraRanulesinggne aijhananplas alRaskMatirtirashifame. As illustrated in
Figure 2, there_are two thousand five hundred and sixty (2560) chi[;s in each slot and fifteen (15)

slots in eacHlfamE- ikt QEANTHE SRIARFvalisE fa F KRR a0 ofiflrdngPe 5120 samples in

each slot. Thpieforesgasiageisior BRI L D0RISIRIBRSIPR lacatiomokiriPSColn dhe signal, chip
offset, by sweeping through the 5120 accumulated samples at the end of each slot. -5 [0034) The
stream genetPﬁt?&“B KX s forwarded to an accumulator (not shown) within the decision circuit

25. This accgugptor hasta Anevisoss24)doupR-db al erband e indHQ-aenRRang register which
stores the a uggulated alample .value }or each slot of evgﬁ frame, and operates on the slot rate. The
strength of t%% termine the magnitudes of the HGCs 21, 22, equalion to generate the magnitudes

is determined according to the following equation :

abs(x)~ max([Xeals Ximegl) T 0.5 min(real, Kimagh) Equation 1

The use of the approximated absolute value in accordance with Equation 1 reducesthe
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,

{00333 The decision circuit 25, coupled to the AVMs 23, 24 and the controlier
18, determine the chip offset. The modified even and odd samples cutput from the
AVMs 23, 24 are input into a MUX 8 within the decision circuit 25, and combined
into & single stream. This stream is a representation of the strength of the signal
fransmitied in one of the samples of each siof of each frame. As illustraied in Figure
2, there are two thousand five hundred and sixty (2560) chips in each siot and fificen
(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
focation of the PSC in the signal, chip offset, by sweeping through the 5120
accurnulated samples at the end of each slot,



signal for each sample in a slot is added to the strength of the signal of each sample in every
subsequent slot. As an example, the samples of slot 1 comprise the following signal strength values
(1,5,3,7); the samples of slot 2 comprise the following signal strength values (2,4,8,3). Initially, the
registers of the accumulator have the values {0,0,0,0}. As each sample value from slot 1 is added to
the registers of the accumulator, the register values change accordingly. For instance, when the first
sample value of slot | is added to the first register value, the accumulator has the values {1,0,0,0};
when the second sample value of slot | is added to the second register value, the accumulator has the
values (1,5,0,0) and so on. Once the last sample value of slot | 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

vallo e ac R ator bR SR P e PR B A AR BHE Bbeont invention.
flushes the regisie)svofithetae ducisitatoiraftel fivelts) mmenihaybbacfivadbumsatdteds which is
counter (ot T S S e S R SO RSP e chp ofer,
by the decisianlmib@&_s@gmmményedﬁmtﬁma?ec fifte €th¢1Resiabsoffhe decision circuit
and assigns S oE S S T R e TR Signat for the
base station WWW@@@@@@H@ [30@6)cCHip wifgdtassjoni eotripdetdurisiiuiasngtheHG Coffset
rae 951 SR e o e e Ao e Sor st e 0
must be subg@eneth Bince {hd.B3L kBt Hpsdgingroe?hamplesdbmy hsubiastihgthe HGC offset
from the i”d%é,%ﬁt’@}t? IR S&%ﬂ‘%ﬁ&% h&'f %%%Eﬁ%i@? 1 is added to the registers of the

accumulator, the register values change accordingly. For instance, when the first

sample value of slot 1 is added to the first register value, the accumulator has fhe

values {1,0,0,0}; when the second sample vaiue of slot 1 is added to the second

register value, the acoumulator has the values {1,5,0,0} and so on. Once the last

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

added to the first register of the accumuiator, 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 & step.1 counter (not shown) within the decision

- cireudt 25.

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

is generated at the end of each frame, fifleen (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 ofiset value of 511

As those skilled in the art know, the output of the HGC are delayed by 256 chips.
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beginning of the slot. If the index generated by the decision circuit 25 is greater than the HGC offset
value of 511 then the chip offset is calculated in accordance with Equation 2 below: chip_offset
=INDEX - 511 Equation 2 If the index is less than the HGC offset value then the chip offset is
calculated in accordance with Equation 3 below: chip_offset = 5120 + INDEX - 511 Equation 3 [0037]
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 ofet 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. [00381 The
calculated chip offset and the frame count step | counter are output to a controller 18, to be disclosed

hereinafter. Thaderiskrciteultabial shraiipsissies maxioyin fegeardaiet ghipralue andthe
accumulated ghip value OUTPUT for all reqgisters, JQ03 e accumuylated chip value OUTPUT for all
registers is G ﬁﬁ?@g%‘g?&%ﬁ%ﬁﬁ%‘%n@‘g@ﬁcj i lf’s%gn‘? B %g‘%ﬁ?@%ﬁﬂ?ﬁg@ (one out of five),
summed, armilitresting tivelifed oS0 Tl e trainecoues siepdicpunienis otipuidethe lookup table
27 to determine the proper gain factor pbased on the number of frames_accumulated. The output of the
normalizer @FM gg%‘?ﬁg’?o%'%‘ﬁ{% %Weﬁ% é’ntge'fyﬁ%ﬁ‘[?ﬁlfé@W%ﬁésﬁﬁ?ﬁﬁ 8. The output of
the multiplieth2 HEC ediieteraiddid HaisheTtheestipldffediis daanareé ditestRpd-comparator circuit 29,
to be comp%ged t%e%%ximum accumulated sample value MAX. If the maximum accumulated

u

sample val X s gréater than the Noise Threshold, the differential amplifier 29 outputs a high
step! firm signal to the controller, indicating a good decision for step 1, otherwise a low signal is

output. chip_offset = INDEX - 511 Equation 2

_ If the index is less than the HGC offset value then the chip offset is calouiated in
accordance with Equation 3 below:

chip_offset= 5120 +INDEX - 511 Equation 3

{0037] As illustrated in Figure 3, the decision circuit 25 also comprises a mask
generator 5, which is used to exclude 2 window around s rejected chip offset from
detection by the decision circuit 25. This mask generator 5, therefore, prohibits the
decision circuit 25 from ufilizing 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 cutput
to a controller 18, to be disclosed hereinafter. The decision circuit 25 also outputs the
maximum accumutlated chip value MAX and the accumulated chip value OUTPUT for
all registers.

[00393 The accumulated chip valne QUTPUT for all registers is output to &
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

Jookup table 27 to determine the proper gain factor based on the number of frames
accumuiated, The output of the normalizer circuit 26 and the lookup table 27 are then

-



[0040] As stated earlier, the chip offset and other outputs are determined at the end of every frame.
Therefore, the reliability of the first decision is less than that of the second because the second
decision is made over thirty slots instead of fifteen slots. The reliability increases as the number of
slots accumulated increases. The highest reliable output is generated at the Mlth frame, MI being an
integer greater than or equal to one (1). The controller 18 resets the frame count step | counter and
the accumulator registers at the end of every pith frame. The performance results 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 t7E detects the receipt of communications over the common downlink

channel (stepifilicapgisampliptdhessiTababiwicehadiipliEate serariteitveNand odd samples
(step 402). These even and odd samples are passed to the hierarchical Golay correlators (HGC) 21,
22 (step 40%@%@@%’2@%‘%@Wfﬁﬁﬁ&r&ﬁﬁ@%ﬁ%ﬁg?ﬁiﬁﬁgsmm%aﬁiéﬁ&lgampIe selector

34 (step 404pakimui\dMarddaid sppsimRieNIe METhEuaes Al erveRRd esdutputs received
from the HGCs 2 step 405) an wards them to the decision circujt 25 (step 406). Upon receipt
of the outpuﬁsm&ﬁpf’ﬁ@r&éﬁ%ﬁgﬁgﬂ’éﬁ%@%@%%m@g?eﬂ‘%%, which
represents thehkigndmtrangiicahthe signalinefismitaiddinne ghéedsanipiesopiseach slot of each

frame. The signal strerf%’h ,forﬁgach sample is accumulated for all slots within each frame (step 408).
The decisio CREMTA INSHEIRERRES which sample in the frame has the maximum accumulated

sample valugagemp 409)48sttassighs: e thip dfietont (ten diPfiasesemihediaday, a chip value is
A noise. tr SR VR TG EEF Ll CLR 8 SOEFRIACEER S (A B Somples and. e
frame countisteadiBhandihirn woopdadesdod e madsisuemiiesusiutiniad-samplenamlue (step 414),
At 2 e O i o et T Mer of slots ahoulsted increases. The

highest reliable output is generated at the Mith frame, M1 being an integer greater

than or equal to one (1), The controller 18 resets the frame count step 1 counter and

the accumnulator registers at the end of every Mlth frame. The performance resuits

under different channe} impairment show that five-frame integration is good enough

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

00411 A flow diagram of the step 1 module is iilustrated 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

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 cutput

magnitudes the decision circuit 25 combines the magnitudes (step 407), which

represents the signal strength of the signal trangmitied in one of the samples of each

siot of each frame. The signal strength for each sample is accumulated for all slots

within each frame (step 408). The decision circuit 25 then delermines which sample

in the frame has the maximum accumulafed sample value (step'409} and assigns an

-8-



[0042] Referring back to Figure 1, the outputs ofthe step | module 12,.the chip offset, step | firm, and
step | counter, are forwarded to the controller 18. The controller 18 forwards the chip offset to the step
2 module 14. As stated above, the step 2 module 14 utilizes a step 2 algorithm which takes the chip
offset output from step 1 and the HGC 21, 22 outputs and detects the slot offset and the, code group
number. The step 2 module 14 illustrated in Figure 5, comprises a step 2 comparator 30, a delay 32, a
sample selector 34, a conjugator 36, a complex multiplier 38, a Fast Hadamard Transform(FHT) 33,
an envelope remover3 1, an input matrixgenerator35, an RS encoder 37, and a step 2 decision circuit
39. [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 18iipiaxdelay A<:0d 108 SR mReaH: The, shinaffsat,l r. a,frame through the
delay 32 in order to allow ﬁ'Stgggl module to make a fir%?decisiona.‘%r%%%}@g%/ﬁe%ﬁc%% @ﬁ%’et. is then

forwarded toﬁﬁé}*éﬁ%ﬂ%@e@& ‘ Mﬁfﬁ?éh%‘%@WWGWE&l& M@&br@ﬁz@i@the
HGCs.2I, 2%}Q&&H@@t@gdMg@ﬁﬁ%%%%m{Qggﬁg‘;Qx?léj%ggg&gﬁé;gslt2 , the

sample selector 34 extracts the.peak HG om the thput signal, w e then

conjugated BPHHERESHAYEEFSE 4hd) npted caempareiex timuitiplien@s afofud]dtbsaapk
communicatipisigah e sieRRed e & %dnait BN BlIdment ArcL 1, which alians the
% r h BiNG code é%““i?p‘%ﬁ

input signal so that step 2 module 14 begins. its search for the scram ber and

slot offset atli#fetBbginninG¢ffmiagdheiGn Fdgins $ighabisgmiigreihtisenllgnoi Cirauk &ﬁ%orwards it to
cach Sot,  ShBU B At h o Fr TR (1S R R I5hefb i APRFLSr st 2EPEhips of each
slot. Since titemnipiefbéttrsdsée thd eteprifise: vy tesseprlmmdde b4 thessar 2 pedklig,determines
ihe SSC using 1he ocRlen L1 A N9ERL AR GR35 2000 s e3gh slot A those skdled n
step 1 and the HGC 21, 22 outputs and detects the slot offset and the code group
number. The step 2 module 14 iliustrated in Figure 5, comprises a step 2 comparator
30, a delay 32, a saraple selector 34, a conjugator 36, a complex multiplier 38, .a Fast
Hadamard Transform (FHT) 33, an enveloperemover 3 1, an input matrix generator 35,
an RS §>ncodcr 37, and a step 2 decision circuif 39, )
{6043} 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 controlier 18 to a delay 32 of the step 2 module 14,
The chip offset is delayed for a frame through the defay 32 in order fo aliow the step
1 module to make a first decision. The delayed chip offset is then forwarded to the
| sampile selector 34 which is coupled to the delay 32, a conjugator 36 andthe Hﬁés.zi,
22 of the step 1 moduie 12. Using the index determined by the decision ci,ftcuit 2‘5’ , the
sample selector 34 extracts the peak HGC 21, 22 outputs from the input signal, which
are then conjugated by the conjugator 36 and output to the compicx,muiﬁp-&erl 38.
{0044} The same communication signal to the step I module 12 is in;ﬁ;t 1o an
alignment circuit 15, which aligns the input signal so that step 2 module 14 begins.it;s_‘
search for the scrambling code group number and slot offsef at the beginning of the
slot. Once the signal is aligned, the alignment circuit 15 forwards it to the step 2
module 4. Bven though there are two thousand five hundred and sixty (2,560) chips

R



are generated, an envelope sequence is applied to the rows of an Hadamard matrix in order to have
some orthogonality between PSC and SSC codes. This envelope has to be removed before
proceeding into the remaining portion of the step 2 algorithm. This envelope removal is accomplished
by the envelope remover 3 1. [0045] Once the envelope has been removed from the input signal, the
signal is output from the envelope remover 31 to the FLIT transform 33 coupled to the envelope
remove 31 and multiplier 38, which reduces the complexity of the pure Hadamard correlation
operation. Figure 6 is an illustration of the FHT structure. The output of the FHT transform 33 is
multiplied by the conjugate of the peak HOC 21, 22 by the complex multiplier 38 coupled to the
conjugator 36 and the FHT transform 33. The use of the conjugate of the peak output from the MOCs

21, 22 provigesasuRhtAsesiiestiaphiodier b Fipuin hana dpesio inadieane eity$hat corresponds
to the transmitted SSC code onto the real axis. gﬁ%ﬁﬁ?nce the FHT transform 33 qutput has been
P e TG

multiplied in‘?R FYATIE:E2 ieP3sehe & 18KvEf8et to the input
matrix generkashayhe mukinddeEinivbicke 98S ikiegdthd iotipoisote sutpabspsix of 15 X 16,

called the input matrix. In the input matrix, there are fifteen (15) slots and in h slot sixteen (16)
elements fo%%%ﬁﬁgéﬁﬁé’ dﬁ%‘?&‘t% é@& %ﬂﬁ%és%ﬁ@ﬂ%?y Bl ‘Eﬂ‘i‘?‘? forwarded to the
d;acistion ci;ﬁ&@&mt etaa@lﬁt@ _WI 't 'agpeéghp;ﬁie;iw(‘)tﬁetrawﬁ Sfaes ,..::,-ma;, RiaeE Bre m?dde. T_tr;:_a
structure of the inpyt matrix is_illustrated jn Figur. correlation matrix js generated within
the step 2 d& §T§ﬂ¥ﬁ?’8§ﬂ‘§ Oﬁ’éﬁﬁf n@%ﬁf&%’%‘gﬁg‘@q@ﬁ? vn ‘é‘%ﬁﬁ fix, which results
in a 64 X 15hgvnatibred bersemalotiatingaiiitis wesabivhsntia fameerepuntgsitithasiep 2 module -10

reaches M2, sﬁi%;iqlar to that disclosed.in th stl%p I mIe.In ord%r to generate the correlation matrix,
the decisiorFBEaRISINBLEATOGP Y 5 FRLHRRRIS BN *Eode group matrix and the elements

of the input jpa4sx 35 in @sesiloasrofdiRbeen removed from the input signal, the signal is
 output from the envelope remover 31 tothe FHT transform 33 coupled o the envelope
remove 31 and muitiplier 38, which reduces the complexity of the pure Hadamard
correlation operation. Figure 6 is an illustration of the FHT structure. The output of
the FHT transform 33 is multiplied by the conjugate of the peak HGC 21, 22 by the
complex multiplier 38 coupled to the conjugator 36 and the FHT transform 33. The
use of the conjugate of the peak output from the HGCs 21, 22 provides a phase
correction to the FHT output and transforms the one entry that corresponds to the
transmitied SSC code onto the real axis,
{0046} Onee the FHT transform 33 output has been multiplied in the complex
multiplier 38, the rea! part of the FET outputs are forwarded to the inpul matrix
generator 35 by the muitiplier 38, which puts the FET outputs into a real maftrix 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 freme. The input matrix is updated per frams.

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 inpuf matrix is
ilfustrated in Figure 7.

10047} A. correlation matrix is gencraied within the step 2 decision circuit 3%
using the input matrix 35 and a known code group matrix, which results in a 64 3L 15
mairix. The correlation matrix is reset when the framne counter for the step 2 module

-10-



equation 4 below: corrMatrix[[i] [1-1= Equation 4 inputMatrix [K] [code_group_matrix fi] [K]] where j is
an integer incremented from 0 to 14 by 1, that represents cyclic shifts performed on the identity matrix
with respect to columns; i is an integer incremented from 0 to 63 by 1; and k is an integer incremented
from O 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 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 oftseL [0048] Similar to the step 1 module
12, ifthe 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 rtewiativeltatisipniolthe tirdshaldn duetip dadouihied lnsindetite pepanmdgnitude value of
the correlation m%ttrijx 14 g4 g%tion ) f:‘k !:—t ?ggécq%} d;& |= k:%lz1 Pa= O}%here PFA is the
probability of fa1S6 Alarm.. The ste% Gt % ou 6u SHNEE %%ro er 18 the Tod& group number,
slot offset, stegdionmp andrstepdieotintemt<] df [Ge4abiTthedtow Hidgraenfdedbe widptBealgorithm is
illustrated in Fi%g{%gnjnggige. step 2 module receives the communication signal from the base station
over the doWwhfit channe‘iv(step 1001). An envelope sequence is removed from the communication
signal (step 1002a) and output to an FFIT transform 33, (step 1003a). At the same time, the chip
offset from the step | modul S.input to a delay 32 in the step 2 modyle 14 (step 1002b) and
forwarded to a sargple sgf)ér%%z}%%h ! N P %quaﬁén ZP )
inputiviatezx K] {code_group matrix [i] {kI]

where j is an integer incremented from 0 to 14 by 1, that represents cyclic shifis
performed on the identity matrix with respect to columns; i is an integer incremented
 from 0 to 63 by I; and k is an integer incremented from 0 to 14 by 1. The structure of
the code group matiix and the resuliing correlation matrix are illustrated in Figures 8
and 9 respectively. Once the correlstion maftrix has been generated, the maximum
entry is found by the decision circnit 39. The corresponding row of the found
maxintum enfry is the code group number and the column is the slot offset.
{0048} Similar to the step 1 module 12, if the max.comiaticnmz 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 outpuf indicating a
tentative decision. The threshold value is calculated using the mean magnitnde value
of the correlation matrix:

} Eguation 5
)

63 14
Th=k ;,fﬁ(z Z mag(cy

=0 jeb
k=512, P, =107

‘where Py, is the probebility of false alarm. The step 2 module 14 outputs to the
controller 18 the code group number, siot offset, step 2 firm, and step 2 counter.

-1i-



extracts the peak even or odd output generated by the HGCs 21, 22 of the step | module 12 based on
the chip offset (step 1003b). The output of the FLIT transformer 33 is then multiplied by the conjugate
of the peak even or odd sample output from the sample selector 34 (step 1004) and transforms one
entry of the FFIT output that corresponds to the SSC code onto the real axis (step 1005). The real
part of the FHT outputs for each slot in a frame are forwarded to the input matrix generator 35 (step
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 matrix has been generated, the decision circuit 39
locates the rfigbé®ium eiilny fiowhi agpanefatite sivaliad gettip (b sfoxtedhichighee BOrigsponding row of
the found maximum entry is determined to be tge c?egiqeh reu mber and.the column is .the slot
offset. The c%%n%%ﬁ%&r?um e“rfeasngﬁhcéms}% Offaet are eng%ﬁflwn‘é%r%égas fo emcg%?%%r 18 (step 1011).
A threshold vialemtiistvbanpalc (Bagedi 08INg tha neeesiopaagmiiuiesy alu ecmtieg dooreldtion matrix (step

docislon to (AN T 08y OB oA ML AN oS EeF | moduie 12 and
the slot offsettthd sandémeptip gh&plb@ejlﬁpw&laﬂmmém ibdulgprate zfdnbaar’déélby the controller
one of the pAR AP oo e L e e Sl B ey
when the codergetsupanpeaberis givedd Thigng geeceilsi bprithialiQCabhblib gLduetem kach code group.
ol 14, B R Sl one ey
, gnal i1s inputto a Second alighment circuit 1/ which aligns the input
signal so that3idistemdtipbeiite §i6 conjugate of the peak even or odd sample output from the
sampie selector 34 (step 1004} and transforms one entry of the FHT ouiput that
corresponds to the SSC code onto the real axis (step 1005). The real part of the FHT
outputs for each slot in & frame are forwarded o the input matrix generator 35 {step
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 mateix (step 1009). Once the
cormrelation mafrix has been generated, the decision circuit 39 locates the maximum
entry in the correlation matrix (step 1610), for which the corresponding row of the
found maximum entry is determined to be the code group number and the columa is
the slot offset. The code group number and the slot offset are then forwarded to the
controfier 18 (step 1011). A threshold value is then caloulated using the mean
magrﬁmde vaiue of the correlation matrix (step 1012) and compared fo the max
correlation (step 1013), forwarding an indication of a firm or tentative decision to the
controller 18 (step 1014).
{00650} The chip offset output from the step 1 module 12 and the slot offset and
code group number cufput from the step 2 module, are forwarded by the controfler 18
to the step 3 module 16, which utilizes a step 3 algoritbm for the pmpose of
determining which one of the primary scrambling codes is coming with the Jeast
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begins its search for the scrambling code number at the beginning of the frame. Once the input signal
has been aligned, the alignment circuit 17 forwards the input signal to the step 3 rodulel6.: The step 3
module comprises eight (8) scrambling code generators 402.. 405, eight (8) correlator circuits :
41.2...4i5, a noise estimator circuit 42, a step .1 decision circuit 44, a decision support circuit 45, a
gain circuit 46, and a comparator circuit 47. The code group number generated by the step 2 module
14 is input to the eight (8) scrambling code generators 40,_.405 and scrambling codes are generated
therefrom. The output of the scrambling code generators 40,...405 is forwarded to the scrambling
code correlators 41 t...4i5, respectively. (0052] Along with the scrambling codes output from the
scrambling code generators 40,.. 408, the communication signal, after processing by a real agnment

circuit 17 using %}%‘&%ﬂ%@ugﬁf&%ﬂ%'m %ﬁsjt %utput from the controller 18, is input to the correlators
41,...415. The ebrrelators 41, AT tilye rereehEreRbdnegrunanrdwsisgivmiThamberdfislots. late

‘on.can be over mhﬂmémﬁmghedwﬁ%ﬁm&&%poherently for each. symbol that corresponds
' lue of thé‘correlation results are accumulated over 10 * N

to--the 256-chi2@8mThe abféql te va

symbols per frdme, Where N c[lo i AiBeRe: §fép§t3ﬁéfam¢ﬁlﬂétéébﬁhmwa&begiﬁrgﬂ@ efia frame.
In a single slot tBardiaredethe 2fp Chipdang: datadarts, thergfare, ten.256-chip_coherent correlation
and ten accumulations are madé per slot. Figure 12 showggtlﬁ%ea% gasllg'o% &EcEPdaisruiectsdsa) After

the correlators 41 gmﬁ‘eigt é’gﬁ’é‘fate th&@BidtheiertHeomarimpuin osiput antkitslindes avedadedound.
the s_crambling &Wé SMMW @W@ﬁmuwﬂs thpfbmrd;ﬁqﬁg&r@gg%igﬁ support
by the decision a1 St g oo onerwos
40,..40,, eight (8) correlator circ;;its,-fi_r;}ﬁ,l...4ig, a noise estimator. circuit 42, a step 3
‘decision cim_uit 44, 8 decision_sz_xpport circuit 45, a gain circuit 46, and a comparator
cireuit 47. The code group number generated by the step 2 module 14 is input to the
eight (8) scrambiing code generators 40,...40; and scrambling éodes are generated
~t}1§reffem. The output of the scrambiigg code generators 40,...40, is forwarded io the
scrambling code correlators 41,...41;, respectively. |
E%S?:} Along with the sczémbﬁr;g codes output from the scrambling code
generators 4§;...40;, the communication signal, after processing by a realignment
circuit  '}7 using the chip offset and slot offset output from the controlier 18, is input
to the correlators 41,..41,. The correlators 41,...41, utilize nox:a-cghércnt integration
over a certain pumber of siofs. Integration can be over multiple frames. The
ggr;eiaﬁan is made coherently for each symbol that cor;cspohds {othe 256—«&1'1;3 data.
The absolute value of the correlation resulés are accumulated over 10 * N symbols per
frame, where N is the number of siots to be accumulated from the beginning of a
fzpm_e_. In 2 single siot there are ten 256-chip long data parts; thersfore, ten 256@hip
- coherent correlation and ten accumulations are made per slot. Figure 12 shoﬁrs the
details of a correlator 41,. o
{0053} After the correlators 41;...41; 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 41,41, determines. the correlator 41,..41; with the
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repetitions out of M3 inputs, then the code that has been repeated is the scrambling code number that
is output from the decision support circuit 45 to the controller 18. However, the output of the decision
support circuit 45 is only utilized when there is no firm decision over the consecutive M3 frames. Even
though the decision support circuit is only illustrated in the step 3 module 16, a decision support circuit
45 as disclosed in the step 3 module 16 can be utilized for both the step | and step 2 modules|2, 14
disclosed herein above. [0054] A firm decision is indicated when the determined maximum correlation
value is greater than the calculated threshold value. The threshold value is calculated using the noise
estimator circuit 42, which is used for noise measurement, and a gain factor. The noise is determined
by taking the magnitude ofthe difference between the successive common pilot symbols. This method

f noi t ' liminat ias. | ' ti > . h | si | interf .
The resurt oics SR SBERnGRAR B e L AR o8 T e S B e
determined ntgsbertchernaahblihgsrisnmtnbad stthen fecdanied ndm doisslatopistgicatér than the

lculated | . 2 firen < g firm decision.
calculated tyioahph N6 AAAIEIOTAL SUlp Sih Yg0.A UsnHgaaLiicipg firm decision

otherwise a low signal is generated indicating a tehtative decision. w diagram ofthe step

3 algorithm fsdiniencaredimPigtre ti%zismei"i@mi&eﬁij’rodﬁ n P rapegiuifheinbes diwp Xmodule 14 is
input to the é%‘a%&oﬂﬁogﬂlgf]l@ﬁﬁ FANRY GOSN RO A0 et OB 4516R 130 yICh then generate

scrambling cbdes therefrom (step 1302). The output of the scrambling code generators is then

forwarded toodrenssben M&@M@@Qéﬁ@r@ﬂi&i%ﬂmsﬁﬁﬁ WI@W@WH@Q 18crambling codes
output fromﬁ&%@&éﬁ%@'%ﬁ?ﬁ?tﬂ@ﬁ@é %%80{'&%%@% ?ﬁ%%@@%&%@ gorrelated in the
0 -141 which t

scrambling code correlators 41,...418 (step 304), n generate ten 256 chip coherent

correlationsﬁarfaneﬁﬁmgmﬁmww&ﬁérf@mrtiﬁwsmﬁliggﬁ}iqﬁﬁmﬂ?ﬂmuIatgd results
are forwardggl 16 the,, 3P RidASES A0 U GHS 444GIER 1300) ad B Hesisin Gcult 44 determines the

disclosed in the step 3 moduie 16 can be utilized for both the step { and step 2
modulesi?, 14 disclosed herein above,
[0054] A firm decision is indicated when the determined maximum correlation
vakue is greater than the caloulated threshold value. The threshold value is calculated
using the noise estimator circuit 42, which is used for noise measurement, and a gain
factor, Thenoise 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 o orthogonal signal interference. The result of the noise
estimator 42 is multiplied by the gain factor in the multiplier 46, which is determined
1o be the threshold. When the determined maximum correlation is greater than the
calculated threshold, the comparator 47 outputs a high step 3 firm signal indicating a
firm decision, otherwise a low signal is generated indicating & tentative decision.‘
[00551  The flow diagram of the siep 3 algorithm is illustcated in Figure 13. The
code group number output from the step 2 modale 14 is input to the step 3 module 16
scrambiing 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 scrambiing code generators 40,..40,, the
communication signal is correlated in the scrambling code correlators 41,...41, (step
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correlator with the maximum output and generates an index thereof; which is the scrambling code
number (step 1307). A threshold value is then calculated (step 1308) and compared to the maximum
correlation value (step 1309). If the maximum correlation value is greater than the calculated
threshold, the step 3 module 16 outputs a high step 3 firm signal (step 1310), which results in the
decision circuit 44 outputting the scrambling code number to the controller 18 (step 1311). Otherwise,
a low signal is output to the controller 18 (step 1312) and the scrambling code number is output to the
decision support circuit 45 (step 1313). Since the decision support circuit 45 observes the last M3
decisions made by the decision circuit 44, a scrambling code number is output to the controller 18
when a scrambling code repeats itself k times out of M3 inputs (step 1311). [0056] Referring back to

Figure 1, the Goupiroiee1i S0smRsisRsah g ieg SHioassbullen S iiSHed iR pTset counter 11,

a rejected primary scrambling code vector buffer 13, a rejected primary scrambling code counter 3, a

decision logRCEBYietions ReF Wﬁ%@@ﬂé@%ﬁbn%&%‘%dﬁ%@ el srrfemerrdedittived to make better
decisions duggg the.enite Gethicaichrloqntin iITrcerrdanse withdhe Rraismad; gmbodiment of the

present invention. OOS%OThe flow diagram of the decision logic used by the controller 18 to determine

the primary §€ TGiEO/E FEREHHER IR RRE RIS RIeS 1IN it Nepresbswhighido ihes illustrated in
Figure 14. Tg&ﬁm}ﬁ@%ﬁé&mg%@ﬁ}?i&%ﬁﬁ@%&%ﬁs MM&%&@% hagiigp 1 counter

signal from the step 1 module 12 (step 1401). If the step 1 firm signal is high, the controller 18

¥

forwards the2RfnfURRTEEH Jat 5 (R SmRm Serstlaion, yalute 65194023 bihEnitis angsisntmtive chip offset is
forwarded (ggpekARgRiud Resian-hacduiaiddaenaralgsihecods gmsmRIRbaEuslot offset value,

step 2 firm, and step 2 counter (step 1403). If the step 2 firm signal is high, the controller forwards -15

the firm cod@YRBires i sterrisiad dilistdpchaenlls iotbrsanriion sEQE i oRFetingorwards a
tentative Cogig-grpibitithariaRndbraslie HadtelRe 194h) 1@ehif MG3IRRe, 2 low signal

is output fo the controlier 18 (step 1312) and the scrambling code number is output to
the decision support circuit 45 (step 1313). Since the decision support circuit 45
observes the last M3 decisions made by the decision circuit 44, 2 scrambling code
number is output to the conirolier 18 when a scrambling code repeats itselfk times out
of M3 inputs (step 1311}
10056] Referring back to Figure 1, the controfler 18 comprises a rejected chip
offyet buffier 9, a rejected chip offset counter 11, a rejected primary scrambling code
vector buffer 13, areiected primary scrambling code counter 3, a decision logic circuit
2 and a window exclusion fogic circuit 6. The controlier 18 is used fo make better
decisions during the entire cell search algorithm in accordance with the preferred
embodiment of the present invention.
[0057] The fiow 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 1§ recsives 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 I firm signal is high, the controller 18 forwards the firm chip offset o the step
2 module 14 (step 14022), 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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2 counter is less than M2, the step 2 module 14 continues to generate the code group number (step
1403). If the step 2 counter is equal to M2, then the step 2 module 14 is reset (step 1407), which
results in the step 2 module generating a code number and slot offset (step 1403). The step 3 module
16 then generates a scrambling code number and step 3 fain signal (step 1405) generated in step
1403, receiving the slot offset and code group number. If the step 3 firm signal is high, then the
decision logic circuit 2 determines that the scrambling code number is firm and ends the decision
logic process. If the step 3firm signal is low and the step | firm signal is high or the step 2 counter is
less than M2, the step 2 module continues to generate a code group number (step 1403). Otherwise,
the step 2 module receives a reset signal from controller 1 & and resets the step 2 counter to O (step

1407). This gogRAWSIEBRIRUS s BiEL B e desisier P wipwE YRR SR, JeshsIks 1s firm. [0058] Due

to a possible initial frequency error in the VCO, excess loss of signal correlation may occur. Therefore,

the VCO is FEGUERLH SREBESH ORI Bsrtin THaadakikirieadédtheard s af@ror between the
UE and the gelh Hien iinitializaionef das PhotheqanisaliandSinitiigasibesrlbsgarch frequency

using the frequenczgsynthesizer 20. Referring to_Figure 1, the frequency séynthesizer 20 comprises an

adaptive freBueRey Etre it Ar &) Beter L vomale Esand ied s dirabie fre omedindfnerically

controlled oggilatorANCQY7T bl s auplestdp 1hemonpalienkl B RMER hicomprises a
frequency allocation table (FAT) and a frequency step table (FST). [00591 When the controller 18 is

initialized, ttfoAPESa $8e8 (HO e qhBAED S Hgotite e thett GEMEH e ItPIIgaeR offset value from
the PST. Thigiiliabfiaauenay-sstbaliasyentsysadande septratier d&ivsondugbihe cell search.

The FST is a table of stop frequencies, or offset frequencies, for example {0, 2, -2, 4, -4, 6,-6 ... N,

-N} which aRiligedsinearRamRTieHqiaRd Hytnenal fiygh e tRdecifPEREfcludes a plurality
of predeterming euensies dok whichihp RRRUAChBx& is firm and ends the decision

logic process. If the step 3 firm signal is low and the step I firm signal is high or the
step 2 counter is less than M2, the step 2 module continues to generate a code group
pumber (step 1403). Otherwise, the step 2 module receives a reset signal from
controller 18 and resets the step 2 counter to 0 (step 1407). This procedure continues
unti! the decision output by the step 3 module 16 is firm.

10058} Due to a possible initial frequency error in the VCO, excess loss of
signal correlation may occur. Thersfore, the VCO is frequency stepped in order fo
control the mayimum possible frequency error between the UE and the cell. Upon
initialization of the UE, the controlier 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 2 voltage controlled oscillator
(VCO) 7 or mumerically controlled oscillator (NCO). The AFC 4, coupled to the
controfler 18 and the VCO 7, comprises & frequency allocation table (FAT) and a
frequency step table (FST).

10059] ‘When the controlier 18 is inifialized, 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
FST is a table of step frequencies, or offset frequencies, for example {6, 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 locate and synchronize the LSE to the base station. For
purposes of this disclosure, the plurality of frequencies listed are defined as FO, F1, F2._FH in the
FAT and the offset frequencies in the FST are defined as SFO, SFr, -SFr, SF2 -SF2...SFN, -SFH.
Accordingly, when the controller is initialized, the offset frequency is SF,.. -and the frequency >FO0.
The AFC 4 combines the two values FO+SFa, and forwards the resulting frequency value to the VCO
or NCO 7, which maintains the UE frequency at this forwarded frequency. [0060) The controller 18
performs the decision logic disclosed above. If after X number of frames the output step 3 firm does
not go high, the controller signals the AFC 4 to step the next offset in the FST, for example, SFz. The
AFC 4 then combines the new offset frequency with the frequency ofthe FAT, FO+SF1, and outputs

the resulting freguanskdedbeMGRPL v4 rﬁ%[% e is frequency. [0061) The
controller 18 continues to stm—? thgtfghf\%%éagf%%ﬁ%que gé%‘%gfﬁg&gé%un%@ﬁéﬂ%igga%’% detected
from the step 8 IGAUIETEIHET @R GheRNudEze sddecateLanil siirafisentreqheridesshmusaen tried by
th troll | " : ' en tried, the AFC 4 ts the FST offset
oncy 1o S e e erey e MR T Rt e T v

frequency to SFO, steps to the next frequency in the

F1+SF00, for #tfpuk tofthe" v @ahsriMGam, ﬂlh@mngb@ei itheirerBEUlatesidfadiRasgquency to

this new resulgpg freguercyand tie captrollgr. 18 them performs the decision logic until a high signal
is detected -fromgthé@sﬂtép 3 modiule TB.%%{ Ais %ﬁ)ggéélggg%’s‘f!e%f)}in Riikelie %ﬁﬁe‘ﬁ:@*ﬁﬁﬁl‘l@ﬁﬂéﬁ%tepping to
the next FAT fiEetidrrapeaeoinibliedudritt &rbighreiyhdl,is The pUF Oy tbenstene3 hosie ifionce this
event occurs fhegetect ciambling.code, the AFC 4 |ocks the FST offset value at its current
position, not to'be réa ju?'g’e%ﬁ%nc%l f g%oﬁ%ﬁﬁé%@@?ﬁitﬁl’i%&?[35’65@@3%3‘%@@%%&% art
know, most s@keioe ot €78 imeguentnmuihicfiomsyatdradiamea different public land mobile network

(PLMR). The fdbsdff == e g iRl Wb eRrdsiet oY Jotihe Seice provider provides
| X number of frames the output step 3 firm does not go high, the controller signals the
AFC 4 to step  the next offset in the FST, for exan}.p}e,‘ SF;. The AFC 4 then
) coq:&bé.nes the new offset %&quency with th:; frequency of the FAT, F+SF,;, and outputs
the rcsxﬂﬁng frequency to the VCO or NCO 7 to maintain the UE at this frequency.
[0061] The controiler 18 continues to siep through the offset frequencies in the
FST uatil a high signal is detected from the siep 3 module 16, indicating a ﬁrm
A detection or until all offset frequencies have been tried by the controller 1§. Once all
qf the offset frequencies have been tried, the AFRC 4 resets the FST offset frequency
to S?o, steps to the next frequency in the FAT, F, and combines the two values,
_Eg%SE o for output to the VCO or NCG7. The VCO or NCQ;,_?. tﬁ_cn regulates the UE
‘Iff;reg;:;:’mc‘:y tq this DEw ;;sulting frequency and the controller .18 mén performsj;the
decision togic gntii a high signal is detected from thé step‘ 3 mo&ﬁié 16, This ﬁr;);ass '
of stgpping through fne FST and then stepping to the next FAT frequency is cautin‘uéd
};txtiil a high signal is output by the step 3 moduie 16. Cﬁcc this event occurs the
:_(‘ir;t;cﬁan of a‘s;;rambiing code, the AFC 4 lac;ﬁfs the FST oﬁsét vaiue at jts cﬁﬁrent
position, not to be readjusted until the controfler 18 is initialized.
10062) As thase skilled in the azt kﬁom’; most service providers in a
; gommu;;—icatimrsystgm have a different public land mobile network (PLMIN). The UE
uﬁh:ms _#13. de&cctedPLW to dgis:;qiﬁ; .wh;;t_é;a: or not the service provider provides
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service in the UPs location. The controller 18 utilizes a window exclusion logic within the window
exclusion logic circuit 6 for overcoming a rejection due to the wrong PLMN. Since detecting the HGC
21, 22 output at peak value always gives the same PLMN, the controller 18 utilizes the window
exclusion logic to overcome this deadlock. The window exclusion logic circuit is coupled to the
decision logic circuit 2, rejected chip offset vector buffer 9, a rejected chip offset counter 11, a rejected
primary scrambling code vector buffer 13, and a rejected primary scrambling code counter 3. The
window exclusion logic circuit 6 checks the primary scrambling code output from the step 3 module
against the rejected primary scrambling codes stored in the rejected primary scrambling code vector
buffer 13.. If the primary scrambling code output from the step 3 module is found in the buffer 13, or

the wrong PLIN N5, d5teata i Jogmnaa SXalEgmoUsGIe Wt I8isrts g 6ad8A0d initializes the

decision logic circuit again. Each time a primary scrambling code is rejected, the chip offset that was

generated byithin shepwindosiredusios deip dreuiefedes o eenprotinp e veiswion irerto ted used by the
mask genergiog, ST NMasl AEASIRIONS Al 9SSR FUEL2SNINIRIIR Si6R kipodule 12 uses

the values stored In the rejected chip offset vector buffer 9 and rejected chip Offset counter 11 from

the controllsiems RbMbtetinipnatiobien! Emihizes Sxchistivtossisrioe vgin&ovirraesnerthé exclusion of the
detected prigagRio3r 2R INA LG RGL LR OHRGR R&MAUEOBlY i 21 5h0l&figquency band.

The buffers and counters are reset when there is an acknowledgment by the base station or new

frequency ban@irctededipyafie svaior dviipofer 100631 whinddbe avjaistthb frégjgeiséy band used by
the controller 18, diEing 1Re, WIRHOVLEXE ILHIRR 180G, RrORSSSNE LERRIFREY Sigpals the AFC 4 to

step to the 'next ffequency in the FAT. Since the offset frequency of the FST is Set, the AFC combines

the new freGaaney vitfhgEineqvs rdpsieryiogitrmid viEoks N eTp tHembiigsess to maintain this
combined fr&%%}gm[g%@gﬁ Mﬂ%&% alchesindonrexciunianingicdsilizedaythe controller is

illustrated in Figure 15. The controller 18 runs thé cell search decision logic and
the rejected primary scrambling code vector buffer 13, Ifthe primery scrambling code

output from the step 3 module is found in the buffer 13, or the wrong PLMN is
detecied, the window exclusion logic circuit & rejects the code and initializes the
decision logic circuit again. Each time a primary scrambling code is rej ectéd, the chip
offset that was generated by the step | module. is stored in the rejected chip offset
vecior 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 ofiset 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 ofisets are made only within 2 single
frequency band, The buffers and counters are reset when there is an acknowledgment
by the base station or new frequency band is used by the level | controller.

[00631 . Inordertoadjustthe frequency band used by the controller 18 during the
window exclusion logic process, the layer 1 controfler signals the AFC 410 step to the
next frequency in the FAT. Since the offset frequency of the FST is set, the ARC
combines the new frequency with the set offset frequency. The VCO 0r NCO 7isthen
adjusted to maintain this combined frequency. ‘

[0064] A flow diagram of the window exclusion Jogic utilized by the controlier
is illustrated in Figure 15. The controller 18 ruas the cell search decision logic and
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-18 finds a primary scrambling code (step 1501). The primary scrambling code is passed to the upper
layers (step 1502) which store the frequency and the primary scrambling code index (step 1503). If
the PLMN is correct for the particular service provider, the LIE is synchronized to the base station,
and the process is terminated (step 1504). If the PLMN is 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 fi-equency, stores the primary scrambling code in the vector buffer 13, and resets the
cell search algorithm (step 1505). It should be noted that the failure condition monitors either the
counter buffers 3, 11, or a timer to determine whether a failed condition occurs. A failed condition
indicates that synchronization will not occur under the current conditions (e.g. frequency). If there is

no frequen f withi Qirol ' jes with the stored
primary sc%r%b%ﬁgg%g{ayg @%@%@gﬁﬁ%ﬁﬁ# llgfl %g}gﬁ&e%@a%ﬁeﬁgﬁté%%q enc%land passes the
rejected priméry epperitiiny(esop d WP ihwhinhisibreths Samisnoriandifyoniasssstemblirghod (step 1507).
The Contfoggaé%&%ﬁé&smgé@ji%k&%'bﬁ%@ﬁ,&AME%@% exeibsion-melind.and giso resets the

failure condition (step 150 he rejected primary* scran?bling code is pushed into the rejected

primary scrdfhislisxpcugeivetiotht bifsrstgion duddhsjprseaspintamyiseihtBingd @¥e Hounter is
increm(ste%%%%%mggﬁeﬁi@?m%%&%@ G5 140300 A PHTRISGFAEbIRE gode and chip offset

are found (step 1510). e primary scrambling cdde is stored in the rejected primary scrambling
code vectofioifef-13stpe totthe abip Bpeniy pushedidtent &rgesmelieniy cbfmesietor buffer 9 and
the rejecteqghig, ASebARualSt s URTIENENLFR 1R dlie.cpll sarehdegision logi is again
run excluding‘a wi dc%% ar_or? the™ rejected chip offseteZstep 1512). It 'tfne primary scrambling code

generated bstiisiandi| atgosibmdetisidplingiclisshgaid bronetbinthat Yejclidrprmdiigtrambling code
vector bufte s I detrcloebiaitaeslsinushedigio N eisale Labife Usglugctor buffer and
chip o ' ¢ I

the rejecte ffset counter Is incremented (step 1511) and the cel
condition occurs. A failed condition indicates that synchronization will not occur

under the current conditions (e.g. frequency). If there is no frequency left within the
FAT, the controlier 18 begins to the sweep the frequencies with the stored primary
scrambling code(step 1506). The controlier 18 then sets the first frequency and passes
the rejected primary scrambling code to the initial cell search with window exclusion
method (step 1567). The controlier 18 resets the initial cell search with window
exclusion method and also resets the 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 rap and a primary scrambling code and chip offset are
 found (step 1510). If the primary scrambling code is stored in the rejected primery
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 nm excluding a window around the
rejected chip offset (step 1512). Ifthe 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 decision logic exciuding & window of value rejected chip offset is run again
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search decision logic excluding a window of value rejected chip offset is run again -19 (step 1512).
Steps 1511 and 1512 continue until the detected primary code is not in the list at which point the
primary scrambling code is forwarded to the upper layers to await an acknowledgment by the base
station (step 1513). If there is a failure condition and there is no frequency left, the controller 18
indicates that no service is available (step 1517) and the process is terminated. If there was a failure
and there was a frequency remaining in the bandwidth, the controller 18 sets a new frequency and
passes the rejected primary scrambling code for that frequency (step 1516). The controller 18 then
resets the initial cell search with window excluding method and the failure condition monitor (step
1508). The controller IS then continues the initial cell search with window exclusion method as

disclosed atiup 115! falaa nsaR AN BLUBLRSYER PSRRI 18 indicates tha

the UE is synchronized to the base station upon receipt of the acknow tep 1518), and the

process is téfnlFaftdvhiheckE Rnprinauceabling refede Bbpvarisd isBrargbingyeode is pushed into
the rejected aimay seidmpliag:AA Dby I6LopRUMREH 20ddhes relegied, pimaty sgrambling code

counter 3 is incremented (step 1515). The cell search decision logic is run again excluding a window

around the rRAABIM R Bistsds ep Bogmast Jafl dbescepimiier | STinfiopresdeime womtnsies until the
controller ingigatase a0 BeY vigeris 1hAR.ACKNOMIROMEN Ham.ARAsE.plation is received.

-20 CLAIMS 1. A method for establishing a communication link between a user equipment (UE) and a

Lanie
base station"{As WFra¥easyBHARIALCE A tedvidl.the reatralierddrestisingw Stoawtingy an incoming
communicaliag signa i ReERiBdhgsaRIRGUNGILARS BF | &1\5?@5@%%9 signal samples of the
each of t

communication signal; z;gproximating a signal strength magnitude for e signal samples;
controfier 18 then resets the initial cell search with window excluding method and the

failure condition monitor (step 1508). The controller 18 then continues the initial cell
search with window exclusion method as disclosed sbove. If there is no failed
condition and the PLMN is correct, the confrolier 18 indicates that the UE is
synchronized to the base station upon receipt of the acknowledgment (step 1518), and
the process is terminated. Ifthe PLMN is incorrect, the rejected primary scrambling
code is pushed inio the rejecied 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 2 window around the previously rejected
chip offset value (step 1512). This procedure continues until the controller indicates

that no service is available or an acknowledgment from a base station is received.

% % %
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accumulating the signal strength magnitudes of the signal samples; identifying a peak sample, wherein
the peak sample is the signal sample with a highest accumulated signal strength magnitude;
-assigning an index value to the peak sample, wherein the index value indicates a chip location of a
primary scrambling code; assigning a chip offset to the index value based on the index value;
determining a code group number and slot offset based on the chip offset; retrieving the primary
scrambling code based on the code group number and slot offset; and adjusting a search frequency
of a UE based on the primary scrambling code. 2. The method of claim 1, further comprising: first
processing‘é‘l}? ommunication signal, wherein the first processing includes generating the index value
associated ﬁ“%primary scrambling code; second processing the communication signal, wherein
the second processing includes retrieving a secondary synchronization code and determining the

code group number andthe gt effsel; and,third processing lne cammupication. sianal, wherein the
third processing includes retrieving the primary s€rambling code for synchronizing the to a base

station, whersipntbe éikie\maildof thesphtaaey strambithgscodaiziaicudm detision. 121 Bethbé method of
claim 2, wherel mggadjustment of the search frequency step comprises: extracting one of a plurality

of offset frequencies and one of a plurality of search frequencies; combining the one of the plurality of
offset frequenciessaiithlite ahausPNE DieHaRtyBEselrchdrequeheres tahgesferataanijdsted search

frequency; mainigihing e Fiketed MRUIISR ARt SeliRg tggifset requency based on the
code aecision.
approximating a signal strength magnitude for each of the signal samples;

accumulating the signal strength magnitudes of the signal samples;

identifying a peak sample, wherein the peak sample is the signal sample with a
highest accumulated signal strength magnitude;

assigning an index value to the peak sample, wherein the index value indicates a
chip location of a primary scrambling code;

assigning a chip offset to the index value based on the index value;

determining a code group number and siot offset based on the chip offset;

retrieving the primary scrambiing code based on the code group number and slot
offset; and

adjusting a search frequency of a UE based on the primary scrambling code.

2. The method of claim 1, further comprising:

first processing the communication signal, wherein the first processing includes
generating the index value assoctated with the primary scrambiing code;

second processing the communication signal, wherein the second processing
inciudes retrieving a secondary synchrénization code and determining the code group
number and the siot offset; and

third processing the communication signal, wherein the third processing includes
retrieving the primary scrambling code for synchronizing the UE to a base station,

wherein the retrieval of the primary scrambling code is a code deciston.



4. An apparatus for conducting an initial cell search and for establishing a communication link
between a UE and a base station in a wireless commnunication network, the apparatus comprising: a
first module configured to: sample an incoming communication signal, wherein the sampling includes
generating even and odd signal samples of the communication signal; approximate a signal strength
magnitude for each of the signal samples; accumulate the signal strength magnitudes of the signal
samples; identify a peak sample, wherein the peak sample is the signal sample with a highest
accumulated signal strength magnitude; assign an index value to the peak sample, wherein the index

value indicates a chip location of a primary scrambling code; and assign a chip offset to the index
value based on the'inde t}%|ﬁ]§ﬁh°aé’é]oﬂa‘%dd’féeé?}ﬁf@ﬁra‘é?%“a%?éﬁﬁi%& S5 GO Rumber and
slot offset kagegnnitha.chip offset; a third module configured to retrieve the primary scrambling code

based on the codg:X roup nunrgb r aqglrglg{)t of el a oé a gg{ggrsog% cgupl ad tgly‘ke fi(ﬁl,s gg‘gﬁ)nd and third
modules, the controfier cgnchgu?ea 0a Jl}jsf)a searchtrequency OfAUE.A2 'b‘(l.L%e'apparatus of claim
4, wherein thegfiestiodule is configured to first process the communication signal, wherein the first

processing incIudeC%rg nerat'mg the ir}d%av Iuelg‘%sofciaftggtv%h the rima%a%%ang]te)ligg %de; wherein

jisnings one o urd 8] LCHCICS Wl
the second nodule IS conhgured to second Broces’s the communication signal, wherein the second

processing ieteldes fetdeslintpausecondarysyacHoaizetion seode Berhdetermining the code group
number and the S'&%ﬁﬁ%ﬁhgﬁ%%}ﬁ@é@ ggg.gpifgdgagq{eaj%configured to third process the

communication signal, wherein the third processing includes retrieving the primary scrambling code
for setting the offset frequency based on the code decision.

4. An apparatus for conducting an initial cell search and for establishing a
communication link between a UE and a base station in a wireless communication
network, the apparatus comprising:

a first module configured to:

sample an incoming communication signal, wherein the sampling
includes generating even and odd signal samples of the communication signal;

approximate a signal strength magnitude for each of the signal samples;

accumulate the signal strength magnitudes of the signal samples:

identify a peak sample, wherein the peak sample is the signal samiple with
a highest accumulated signal strength magnitude;

assign an index value o the peak sample, wherein the index value
indicates a chip location of a primary scrambling code; and

assign a chip offset to the index value based on the index value;

a second module configured to determine a code group number and slot offset
based on the chip offset;

a third module configured to retrieve the primary scrambling code based on the
code group number and slot offset; and

a controller coupled to the first, second and third modules, the controller

configured to adjust a search frequency of a UE.



synchronizing the UE to a base station, wherein the retrieval of the primary scrambling code is a code
decision. 6. The apparatus of claim 5, further comprising a frequency synthesizer configured to adjust
and maintain a search frequency for retrieval of the primary scrambling code, the frequency
synthesizer comprising: an adaptive frequency circuit configured to generate a search frequency by
combining one of a plurality of offset frequencies with one of a. plurality of base frequencies, the
adaptive frequency circuit comprising: a frequency step table including the plurality of offset
frequencies; a frequency allocation table including the plurality of base frequencies; and an oscillator

configured to maintain the UE at the search fre us of claim 6, wherein the
oscillator is a volte?ge co rhet]PSIPé)é) a@%ﬁﬁlﬁf&%@a ¥8};\I qée oes%;sllﬁa ?Uured to'firs

process the communication signal, wherein the ﬁlst processing includes generating the
index value associated with the primary scrambling code;

wherein the second module is configured to second process the communication
signal, wherein the second processing includes retrieving a secondary synchronization
code and determining the code group number and the slot offset; and

wherein the third module is configured to third process the communication signal,
wherein the third processing includes retrieving the primary scrambling code for
synchronizing the UE to a base station, wherein the retrieval of the primary scrambiing

code is a code decision.

6. The apparatus of claim 5, further comprising a frequency synthesizer
configured to adjust and maintain a search frequency for retrieval of the primary
scrambling code, the frequency synthesizer comprising:

an adaptive frequency circuit configured to generate a search frequency by
combining one of a plurality of offset frequencies with one of a plurality of base
frequencies, the adaptive frequency circuit comprising:

a frequency step table including the pluraiity of offset frequencies;
a frequency allocation table including the plurality of base frequencies;
and

an oscillator configured to maintain the UE at the search frequency.

7. The apparatus of claim 6, wherein the oscillator is a voltage controlled

oscillator or a numerically controlled oscillator.



