[0001] INITTAI, CELL SEARCH ALGORITHM [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 colt
search algorithm. [0004] Initial cell search algorithms are used to
synchronize the 1lk? to a base station. The UE accomplishes this
procedure via a common downlink charnel called the physical
synchronization channel (PSCT1). Referring to Figure 2, the PSCII. has a
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group number. As an example, in a five hundred and twelve (512) cell system, there

are sixty four (64) groups. In each group, the patterns of the SSC and its cyclic shifis
are different. As a result, there are five hundred and twelve (512) primary scrambling
codes. Each cell, of a five hundred and twelve cell (512) system, is assigned a code
such that no one code is used by more than one cell in a given reception area.

[0006] Therefore the cell search synchronization systems determine the primary
scrambling code of a cell utilizing an initial cell scarch 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 slot offset and code group number; and a step 3 algorithm utilizes the
information provided by the step 2 algorithm and detecis the primary scrambling code.
Unfortunately, each step algorithm has an vinherc:nt error associated with it. The error

present in each of the steps is caused by the UE detection of noise associated with the



i received common downlink channel, which can result in a high number of
false detections. [0007] Also, the common initial cell search algorithms
can not handle a rejection by the upper layer of the wrong public land
mobile network (PLMN). 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
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detection@ccordance with a first aspect of the present invention, there is provided a
window exclusion method for conducting initial cell search and
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[0009] communication network, thod comprising the steps of: conducting a
[0009a] In accordance with a first aspect of the present invention, there is provided 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 method comprising the
steps of: conducting a cell search to detect a primary scrambling code and offset associated with
said base station; determining whether said first base station is associated with a specific public
land mobile network (PLMN); adjusting a search frequency in response to said determination of
said PLMN: storing said primary scrambling code in a code buffer and said offset in an offset
buffer; comparing said primary scrambling code with a primary scrambling code stored 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.

[6009b] In accordance with a second aspect of the present invention, there is provided 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 unfavorabl'e; and further conducting said cell search excluding a predetermined

window around any rejected offsets.
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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
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responseas pgonseddeheccode decision. Also disclosed is a ~li system for
conducling jtialcell search and establishing a communication link
between a UE and a- base station in a communication network, the
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 | 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
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coupled to the first module, second module and third module for
controlling the adjustment of a search frequency of the UE to retrieve the
primary scrambling code in the communication signal. Also disclosed is it
method for establishing a communication link between a UE and a base
station in a communication network, comprising the steps of, processing
an incoming communication signal and generating an index value,
extracting a peak sample from in,,, communication signal in response to
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_ the step | module in accordance with the
communication signal and generating an index value, extracting a peak sample from the
communication signal in response to the index value, determining a code group number in
response to the index value, retrieving a primary scrambling code in response to the code group
number for synchronizing the UE to the base station, and adjusting a search frequency of the UE
in response to the retrieval of the primary scrambling code.

Also disclosed is a system for conducting initial cell search and establishing a
communication link between a UE and a base station in a communicating 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 1n response to the code group number. and a controlier coupled to the first, second. and third
modules. for controliing the adjustment of a search frequency of the UE to retrieve the primary

scrambling code in the communication signal.



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 (FIJI) 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 of the code group matrix structure in accordance with the
preferred embodiment of the present invention. [0020] Figure 9 is an
illustration of the correlation matrix structure in accordance with the
[OOll]preferred SRIFPDRSIRIDT I FESENDRAWMINGS. [00211 Figures 10A and |
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[0016] DE%% E’M %%P&%F%%%MQ%PAMWI%{QOZS] The cell
search synchronization system 10 in accordance with the preferred
preferredentbodimeaint dicthresprteésentionvention is. illustrated in Figure 1. The system

{0017] Figure 6 is a graphical illustration of me Fast Hadamard Transform

(FHT) 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 of the code group matrix structure in
accordance with the preferred embodiment of the present invention.

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

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

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

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

the preferred embodiment of the present invention.
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10 comprises a step | module 12, a step 2 module 14, a step 3 module 16,
and a controller 18 to accomplish synchronizationbetween a user
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 algorithm, to be disclosed hereinafter.
[0029] The step 1 algorithm ofthe initial cell search algorithm is
accomplished using the step | module 12. Referring to Figure 3, the step |
module 12 comprises two Hierarchical Golay Correlators (HGC) 21, 22,
two absolute value modifiers (AVM) 23, 24, a decision circuit 25, a
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synchronization system 10, utilizes an initial cell search algorithm, to be disclosed
hereinafter.

[0029] = Thestep 1 algorithm of the initial cell search algorithm is accomplished
using the step 1 module 12. Referring to Figure 3, the step 1 module 12 comprises two
Hierarchical Golay Correlators (HGC) 21, 22, two absolute value modifiers (AVM)
23, 24, a decision circuit 25, a normalizer circuit 26, a look up table 27, a multiplier
28, a splitter 19, and a step 1 comparator 29. The root raised cosine filter (RRCFIR)
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
samples the downlink communication signal from the base station attwice the chip rate
and forwards the sample signal to the splitter 19. The splitter 19 splits the sampled
signal into its even and odd samples and passes them to HGCs 21, 22.
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is determined according to the following equation : abs(x)- max(Ix,,,d, Ix;
n,J)+0.5*min(lxj, Ix;magi) Equation | The use of the approximated
absolute value in accordance with Equation | reduces the hardware
required in this implementation and causes no significant performance
degradation. Once the approximated absolute values have been
determined by the AVMs 23, 24, respectively, the modified even and odd
samples are output to a decision circuit 25. [00331 The decision circuit
25, coupled to the AVMs 23, 24 and the controller 18, determine the chip
offset. The modified even and odd samples output from the AVMs 23, 24
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[0032] MUX imnfoawanded, miacasted o watBiGooL showng sitdbeitivn daeiston

circuit 25. This accumulatar h five thousand one hundred and twenty
25, deteg By ARER R A ELC A <S PEERR BTG P EIHBIE vl
is deterddhebabestaingfieves Ydilawieg anehimerates on the slot rate. The strength of

the 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
abik)-camaisslIhe. [ollewisgnisigaal gkength values (1,5 Edpathm 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

The useSXMB i pRdienfiiednbiolle i REdesctoridim ce GitaRy @ftitte] reduces the
hardware required in this implementation and causes no significant performance
degradation. Once the approximated absolute values have been determined by the
AVMs 23, 24, respectively, the modified even and odd samples are output to a
decision circuit 25.

[0033] The decision circuit 25, coupled to the AVMs 23, 24 and the controller
18, determine the chip offset. The modified even and odd samples output from the
AVMs 23, 24 are input into a MUX 8 within the decision circuit 25, and combined
into a single stream. This stream is a representation of the strength of the signal
transmitted in one of the samples of each slot of each frame. As illustrated in Figure
2, there are two thousand five hundred and sixty (2560) chips in each slot and fifteen
(15) slots in each frame. Since the input signal is sampled at twice the chip rate, there
are 5120 samples in each slot. Therefore, the decision circuit 25 determines the
location of the PSC in the signal, chip offset, by sweeping through the 5120

accumulated samples at the end of each slot.



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 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 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

[0034] prefermeid sehadgienentedbihd RS iforeatied thushesuhealsegigiots of
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Isjian circuit 25 is greater than the offset value of 511 then the
values 23&’@2{9?"&%@%%@& ACeord: nuce’el_kci%ﬁf:)t qﬁa?l}é)zdllweﬁz tBe (fvﬁcgﬂﬁ?_offset
register=VIRE ¥he 2dcufnolaadidiasthe values {1,5,0,0} and so on. Once the last
sample value of slot 1 is added to the accumulator, the first sample value of slot 2 is
added to the first register of the accumulator, resulting in the accumulator having the
values {3,5,3,7}; when the second sample value of slot 2 is added to the second
register value, the accumulator has the values {3,9,3,7}. The preferred embodiment
of the present invention, flushes the registers of the accumulator after five (5) frames
have been accumulated, which is equivalent to seventy five (75) slots. The number of
accumulated frames is counted by a step.1 counter (not shown) within the decision
~ circuit 25.
[0035] A decision, determination of the chip offset, by the decision circuit 25
is generated at the end of each frame, fifieen (15) slots. The decision circuit 25
determines which register in the accumulator has the maximum accumulated sample
value MAX and assigns an index to it. The index corresponds to the half chip location
of the PSC signal for the base station with the strongest signal.
[0036] Chip offset assignment is determined 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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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 4-
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 offset from detection by the decision
circuit 25. This mask generator 5, therefore, prohibits the decision circuit
25 from utilizing an index associated with a rejected chip offset. The
details of the mask generator 5 will be disclosed hereinafter. [0038] The
calculated chip offset and the frame count step 1 counter are output to a
Thereforentiaiiethd 8edizibe discitBeabdigne mafidex Thbedeeikiamplectit PR3E@lso
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ofthe multiplier 28 is considered the Noise Threshold and is forwarded to
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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

insteatipf diffee = 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 offset from
detection by the decision circuit 25. This mask generator 5, therefore, prohibits the
decision circuit 25 from utilizing an index associated with a rejected chip offset. The
details of the mask generator 5 will be disclosed hereinafter.

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

[0039] The accomulated chip value OUTPUT 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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slots. The reliability increases as the number of slots accumulated
increases. The highest reliable output is generated at the M1th frame, Mi
being an integer greater than or equal to one (l). The controller 18 resets
the frame count step 1 counter and the accumulator registers at the end
of every Meth 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
UE detects the receipt of communications over the common downlink

multiplidictynkd faikip 46 DB. alie sappletiibmeidpiidra lyicm thdeetithe laise

nerating eve d odd samples (step 4 These even a dd
Threst A e o P g e B RO 159 0
maxim@stepcift)atiieshiplesvaic2A A nIfodwandsitheo atputsuiattidesdiids 23,

4.and sample selector 34 (step 404). The AVMs 23 roximate the
vatue NEA R e e s ey ol AR R SRS )
a high (stpp fioh)simel fortberdsritnaiorf drttheatiegi si@owircleitigion Aepstepo), Upon

receipt of the.ou magnitudes the decision circuit 25 combines the

tput
Othemr%eaagLivtvusd%nsa%sté)bﬁ%ti), which represents the signal strength of the signal
[0040] transAittddhcarienfibeelspoffiesind ehehodipits headtidramed dttikesignal
strength for. aclgsa le i cumpllated for all slots within each frame
ond of G AAH) TH R o S e e e e BA T
the secfrahbechas the secodthdenisiostisnutakedvsathpiy vhitseilsteqd 40%)@aul

SSi 8 index to itéste 10). ed on the index, a chip value is
slots. g%%l‘%ﬁ%éq{t% fﬂcer?ﬁsaﬁgxafs eepn%ﬁr, tr%%)v%ﬁ %%C%‘% %Fpgo srg?s ‘%Shd\iglgtput to
highesttrebiabdninafier it @¢atepella)thd Mdibcrdhweg Vb Heialyienisnhger gen@mated

using.the accumulated chj lue for.all samples and the frame count
tan or A ORI R e e R R e en TS S e

the accwmhiletdstegisicr4 ptiticieating evéirnMthcivates eTheqgeidorioative oonttoller 18
ep 415). [0042].Referring backto Figure. 1, the outputs of the step

under R s D B R e

to detedP$@ ddovirokes (AR ifitegration can be changed to more or less frames.

[0041] A flow diagram of the step 1 module is illustrated in Figure 4. The UE

detects the receipt of communications over the common downlink channel (step 401)

and samples the signal at twice the chip rate generating even and odd samples (step
402). These even and odd samples are passed to the hierarchical Golay correlators
(HGC) 21, 22 (step 403). The HGCs 21, 22 then forwards the outputs to the AVMs
23, 24 and sample selector 34 (step 404). The AVMs 23, 24 approximate the
i:rmgnitudes of the even and odd outputs received from the HGCs 21, 22 (step 405) and
forwards them to the decision circuit 25 (step 406). Upon receipt of the output
magnitudes the decision circuit 25 combines the magnitudes (step 407), which
represents the signal 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 slots
within each frame (step 408). The decision circuit 25 then determines which sample

in the frame has the maximum accumulated sample value (step 409) and assigns an
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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 firom 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 Trans form (FI-IT) 33, an envelope remover 31, an input matrix
generator 35, an RS encoder 37, and a step 2 decision circuit 39. [0043]

index topheshin g ofinecsop shedrdirnd ichip prolviadsnesigapdtathsrimaex (step

Wi r li OH% 0y I fset- T hip, .
411), kné)f set ro%%t%g%stggf%?gc%ﬁe 1 is‘rgléjr?tfl 5&%@%@%&’%3&?82% | de arglmsc
threshol 32 alid és stem Zeneduledihinpthchipatisdi isdichay edl{er fafedRedinRpisand

the delay-32 in order to allow the.step | module to make a first decision.

the frameiconptdterchip bad henromaareddadls maximmpecaiaribied sample
value (st}‘#} ieD45 SRURIEE IR shﬁxﬂ?lﬁyté%na&gaggg% g(géﬁg%nﬁgfé%&é%fs).

e step'1 module™12. Using the index y the decision circuit’
[0042] 25, thRedampig batdctol3gaxtiadhs thepaaloHGEsAD RhodidutEXydi¢ chip
the iEp t signal, which_ are then conjlé%ated by the canjugator 36 and

offset, siRplittE IR R 8 domypriRds Smbre RRitolcatibh.  The
controllFARLIRNE AR RAAHIRLEAS HPULER AnBIGNEPR! ACUEER ABGD, che

aligns the input signal so that step 2 module 14 begins its ‘searc
step 2 mschalnlthgtchdesgrotgprilialperidnd sidiiclifset et the begimfitgt oftipert dasm

step 1 a et Ty RO et SHPGll WoLaind e A dmghe
S L T
30, a delaps Beers&lg;dmﬂb@tby Be stemjugasdu %;mgaplzmmdlnlplm&n@East
radams S Bl T RS
an RS Cm@@gaﬁﬂ any¥elppIseRIsieq éhAPRiied to the rows of an Hadamard
[0043] matn)'(l“lk?e 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 oi‘fset from the
“step 1 module 12 is sent from the controller 18 to a delay 32 of the step 2 module 14.
The chip offset is delayed for a frame through the delay 32 in order to allow the step
1 module to make a first decision. The delayed chip offset is tﬁeu_ forwarded to the
sample selector 34 which is coupled to the delay 32, a conjugator 36 and the HGCs 21,
22 of the step 1 module 12. Using the index determined by the decision cifcuit 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 complex_mulﬁplief 38.
[0044] The same communication signal to the step 1 module 12 is input to an
alignment circuit 15, which aligns the input signal so that step 2 module 14 begins its
search for the scrambling code group number and slot offset at the beginning of the
slot. Once the signal is aligned, the alignment circuit 15 forwards it to the step 2

module 14. Even though there are two thousand five hundred and sixty (2,560) chips
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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 31. [0045] Once the envelope has been removed from
the input signal, the signal is output from the envelope remover 31 to the
FIT 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 FLIT transform 33 is multiplied by the conjugate of the peak HGC 21,
in each slotjyshuld baanpacent finon izve edbithe B thes tesajed sidpnthelsthe FUT

256 chig%%f%ﬂ 3R ThendismoTciie SRRIARIS OfRRBaRInQY Mk QR ihe HGCs

1, 22 provides a phase correction to the FLIT output and transforms the

moduleghe e rednluirtspinudhoShe usina Sinleetionel bsdaBeistheteal

in the 118560948 2056t F WY dRRsoney FBRURPHENGS, RarRA SydtiRlird in the
complex ‘multiplier 38, the real part of the FHT out@uts are forwarded to

are generaseth sutenloRe gedansols appbgdHethrartstief 28] dupatihelryT
-order to RSO 58N MBI B4 REAPPSC L d SRUEELHS. MK EndibpelRalite INpUL

matrix, there are fifteén (15) slots and in each slot sixteen (16) elements

be remofedpgfaspprorpedingintaibeicmsining et geatthssier THEMHMR kX is
envelopl B IRAVY HED i G das iR At b 3ehberg 8 determination of the slot

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

[0045] is illuCnendepienreienelns fooarguoved framtbrivpatsiena tsstarebitvithin
 output iR SIELRSFSIARFIEY i3 hignahRiRRI TR8HeA AR AN code

group matrix, which results in a 64 X 15 matrix. The correlation matrix is

removergbendvmuliiplicribnabishedprer the coaploxibatbe nustadunpwd M2,
wneluﬁmb?éﬁﬁéﬁaw&@@%daﬂﬁnﬁlﬁ% bIRdpier Lraedgt oraebiedhe
e T mn i 5 e congogate of ot ek HOC 51 0y e
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
transmitted SSC code onto the real axis.

[0046] Once the FHT transform 33 output 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 matrix 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 mairix, which results in a 64 X 15

matrix. The correlation matrix is reset when the frame counter for the step 2 module
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code group matrix and the elements of the input matrix 35 in accordance
with the equation 4 below: corrlviatrix[il [j]J+= Equation 4 inputMatrix [k]
[code_group_matrix [i] [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 0 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

reachesoffhesiwilactorthakifisolesehinthe thepcotwdplouponenddsdp gaetate dadumn is
L. >imi . lati
correla{&%)%%&gg s d[:ggf]?l%] éﬂ%ﬂel : Si%t%%?l gﬁ?#éﬂ@%iy@’ i éiéﬁ%ﬂga&(f@ﬁ’é relation

IS greater thant res , the’comparator circuit 30 will output
code gratrighattispandfihe elagresitsoofHbe dopiiatelriks hticeegatdanfienivitbdizgton,
equatiofﬁﬂ%@@@ a low _signal is output_indicating a tentatiye decision. The

threshold value is calculated using the mean magnitude value of the

correlation matrix: 63 xa | Equation 5 Th=k 960 Mag(cy) r=o0 I=0 k=5.12,

Pn=1Q4Whei8; (s the probability of false alarm. Thg step,%module 14
u

AriX E)
outputs 8 CORtFoller H%erﬁ%l& number, slot offset, step 2
firm, ané&sté%ni( @gl[nter.“%-%l 0049] I%jerfrgw diagram for the step 2

algorithm is illustrated in Figure 10. The step 2 module receives the

where jC fmy ﬂﬁé '%%lﬁ&ﬁla&' %Bnllh@ Q)aff @af',otﬂa? ‘f@fiﬁ&%n%%@ﬁ@‘%ﬁhﬁn ne_l

(step 1001). An envelope sequence is removed from the “communication
perfornsideal thetislsntigomalrsrwibugsneebla el &St cReT (Bespobah).
from 0 to 63 by 1; and k is an integer incremented from 0 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 offset.

[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
tentative decision. The threshold value is calculated using the mean magnitade value

of the correlation matrix;

63 14 } Equation 5
)

Th=k 9—}‘5[2 Zmag(cﬁ

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

~where Pg, is the probability of false alarm. The step 2 module 14 outputs to the
controller 18 the code group number, slot offset, step 2 firm, and step 2 counter.
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At the same time, the chip offset from the step 1 module 12 is input to a
delay 32 in the step 2 module 14 (step 1002b) and forwarded to a sample
selector 34, which 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 FHT 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 F14T 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

[0049] matrixe flevedorezan S festnd)p gpratvpisi Rstrated dnBigtis 85 then
step 2 FIGRIRS HAGHRPYL AR RIRRRAAIndiNSoMRHE BRKIX i TAes éprarded to

the decision circuit 39 to determine the slot offset and code group number

downligktehanoebstapli2 MY the fHpenrekars SPRIRRSWIS CEROEFAUEOThANTX, the
commuilRGIRIAREIAULSS 19898 AADRFRSRUISTIIANBESIER ,l@gg)l donge the

correlation matrix has been %enerated, the decision circuit 39 locates the

At the sisinuanthe stiip inffrs Gormdhamerrhamedylad sotoyt tedelhithi
the ste{f‘@rfﬁé&ﬁeqimseegvmm AV RGBT, QatRpIS detsiningdiade the

code group number and'the column is the slot offset. The code group

extractiimberiapieanes sidd onyat sraeredrbribeddE ¢S e LoptbfieiPel(step
module]ﬁl]b]a%eﬁ‘ Jhigs Iaﬁi? SRl R AR Cyi et ipsitd hermeanntiaaiude

value of the correlation matrix (step 1012) and compared to the max

33 is themaultinbed kxdheronmeasof henealasv e add samplrrpyt fomdive

sample QBRGNP 1€ CUMPURH 1RGN Ght) HA9O0T TiREFENIP RifRRt AP UL
from the step fmodule 12 and the slot offset and code group number

correspordp i thehSheasie puorhsdorbasisd Fspatiod Bha fifes i Lo the
outputsHERANAHUIC LR MNIED WiAERA 18R ThBlEQHIRT: (RhRARYRPQES Of

determining which one of the primary scrambling codes is cominﬁ with the

1006). [Bhginpupmashrgsneatonabhensraates thp inmshmalreddier 80P nihtoer is
input nB¥R"s TS FANGAYIND HUBEKISH'ARRINY sodefihRRUMAIDESRHP.
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 maximum
entry in the correlation matrix (step 1010), for which the corresponding row of the
found maximum entry is determined to be the code group number and the column is
the slot offset. The code group number and the slot offset are then forwarded to the
controller 18 (step 1011). A threshold value is then calculated using the mean
magpitude 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 slot offset and
code group number output from the step 2 module, are forwarded by the controller 18
to the step 3 module 16, which utilizes a step 3 algorithm for the purpose of

determining which one of the primary scrambling codes is coming with the least
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[0051] 112e.block diagram of the step 3 module 16 is illustrated in Figure

11. Similar to the step 2 module 14, the communication signal is input to

a second alignment circuit 17 which aligns the input signal so that the

step 3 module 16 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 modulel6. The

step 3 module comprises eight (8) scrambling code generators 40,...408,

eight (8) correlator circuits 41,...41s, a noise estimator circuit 42, a step 3

- probaleiditjorf Eriscis andRigdivihorstipnasdeiedityu mBailRACRRN & cight
© . comparat [ circuit 47. The code group number generated by the step 2
pr‘mm&@q@ L8 AASH Th 82 ehRdB EERERmMbling code generators 40,...408.

oSt scrmiianerts A pepael, L TR SRS, i 1.

scrambling code genefators 401 S forwar

Simikurteldtorstepl 2 sid@]uksdctivelycdahhiblonrgvibihe ﬁcqﬁ?}hﬁw a second
_codes. ’outPut fr,9m the scrambling cade generators 40,...408, the o

alignmient Sreiarioh’sthigh AlierpibessiigWy a feamsmét Sester? mudyle 16

communi
begindies RIP ARt AL St Bffsetd controller 18, 15 input_to the
. B orrelators 41,..418. The c%r?%%?o“éslﬁ 4%? %P&ﬁ?ﬁﬁ%‘g%gﬁ-géﬁ&é%ﬁme- 8ie the
input siggtdiiorbeveslignediaiicnlipheeef slaist INteYr iR hia PR ignal to the
Vt‘ 'ﬁnulti@ fi.%mfﬁ The orreaiijgn is made coherently for, each. symbol that
B b l§8 s 10 ERECP5EIRA e mpHSSRishiéRSompthhagsodmgencrators
40,.. oy lis edplAtdcaGid U N BYMols,per Jiame, where Nisthe o 4
o nuﬁ"lbe;ﬁ(r)t?(sg[’;t's to be accurh:lljIate"idI ffgxn’f’t%e gg%iner?riﬁgq% % ‘%%l"l%jt. Z?r’%’ a step 5

decisgimghireiot ideredexdsion 26pairiiong éia paais: tisrefons, edPBeuifParator

-circugtgﬁr '

e[r[ﬁecgrr lation and ten accumulations are made per slot. Figure 12
ows the

faff UP A UBIPErRSP AR 008 S nstepthanesitdristsunputio the

ek SIS SN, NP BN O g
‘therefigue. cBterwiond of thea@ addingicedethercontelet d04.1.404 18 it ihted i@ the
Asrcr'ambling code ¢orre[at0rs 41,..41,, fespectively. |

[0052] Along with the scrambling codes output from the scrambling code
generators 40;...40;, the communication signal, after processing by a fealignment
circuit 17 using the chip offset and slot offset output from the controller 18, is input
to the correlators 41,..41;. The correlators 41,...41, utilize non~cghérent integration
over a certain number of slots. . ,ggtggrggipg__tqgn_:bgt -over multiple frames. The
correlation is made coherently f(__)g each symbol that corresponds to the 256-chip data.
The absolute value of the correlation results are accumulated over 10 * N symbols per
frame, where N is the number of ,5-_19@';“) be accumulated from the beginning of a
&mnc, In a single slot there are ten 256-@hip long data parts; therefore, ten 25 6-chip

' coherent correlation and ten accumulations are made per slot. Figure 12 sh0§vs the
details of a correlator 41,. v

[005 3] 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 411.’7-5,1_3,,-:‘13@@3195- the correlator 41,...41; with the
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maximum output, and generates an index thereof. The index is the
scrambling code number. The scrambling code number is then forwarded
to the decision support circuit 45 and the controller 18. The decision
support circuit 45 observes the last M3 decisions made by the decision
circuit 44. If a code repeats itself more than k 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

maximutiOEBGISIAN sURRAESs Sitdbistepsfl Teairedisthe siemBlngdolR 16, a
" decision support circuit 45 as disclosed.in the step 3 module 16 can be
numbery,Fhs éﬁ%&bg%‘?‘?ﬂ‘é%hei‘%fhan@éﬁ’ FdpdiathedersiaysiReer SEi¥ierein

45 and @RO¥Ex(ABA1 & firndesision isppeicaiadivhisroibedetgigriagdBaximum

correlation value is greater than the calculated threshold valﬁle. The

decisiong, faafify oy it 46 HGH GEEtEt sl oo KRR RS e Kuhich is

repetitiodS@Ror MISEpReAsHHensepicanst Agdicedaspontddie theisadmbigrmined
the magnitude qfthe difference betw e successi

code T A R BN S R RO TGt A A AR Lgs any

Howevepj@cipuipatnigiee estisiaisugpatoiriihagasahsigniliatengteacThe result
ofthe noise estimator 42 is mé;rj%;i%lied by t?gmgﬁ{? factor in the multiplier

no firm decigi e sS He RMMTRLE TBIB IS tnIOSHLIRL TRh NS tiesiteRciRRRsh
circuit iTERIMUT ELEEL RANED &g h@ﬂi&ilﬂéam,tﬁed&ﬂémﬂlﬁgﬁ)ﬂﬂfd eﬁh@ldfqlﬂm

. comparator 47 outputs a high step 3 firm signal indicati irm decision,
. disclosed; b figder %W%%P%@%&éra{é)&?f{o{&%a@ éht%ﬁi%ﬁi\gg&%c%ﬁi&? [0055]
modulesthe1donsdiaeaararahtivep 3 algorithm is illustrated in Figure 13. The

code group number qutput from the step 2 module 14 is input tq the step 3
[0054] moq Wﬁ@%&g égﬁ%@? 7,16 poae a@f@ﬁ“ﬁ%‘&%{%ﬁch then
value is GRABAI S B8 Calinstcs ademdnEvefio iR epciBOR)valheiocipulnédhe

. scrambling code, generators s then %orwa,rded to the scrambling.code
using the QR ARSI CUFLI s HSh s U300 T ARNCS SEPBN AT LA SE output
factor. THYRJREiSAcanRiRG Bparigemneiatpistddor4alifieence between the

successive common pilot symbols. This method of noise estimation eliminates any
bias in the noise estimate due to orthogonal signal interference. The result of the noise
estimator 42 is multiplied by the gain factor in the multiplier 46, which is determined
- to be the threshold. When the determined maximum corrélaﬁon 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 a tentative decision.‘
[0055]  The flow diagram ofthe 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
~ scrambling code generators 40,...40; (step 1301), which then generate scrambling
“codes therefrom (step 1302). The output of the scrambling code generators is then
forwarded to the scrambling code correlators 41,...41¢ (step 1303). Along with the
scrambling codes output from the scrambling code generators 40,...404, the

communication signal is correlated in the scrambling code correlators 41;...41, (step
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communication signal is correlated in the scrambling code correlators
411...418 (step -14 1304), which then generate ten 256 chip coherent
correlations and ten non-coherent accumulations per time slot (step
1305). The accumulated results are forwarded to the step 3 decision
circuit 44 (step 1306). The decision circuit 44 determines the 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,

1304), thdcht€ed gmxdaﬂeténﬁlﬂﬁtphi;scehbﬂgh sheei3tium sigrial (stepob8&0), which
ults |n |on 4 outputting ,the scramblin mber to
accum‘%ﬁ %)%(é Ll%:tﬁ \Bn tlzrl}gd ﬁs mtb ljf <1qt8t'ﬂg

e Tl erwise, a low" S|gnal IS0 to the
step 3 cctemsmkhemﬂs&(tsvdp(m;mﬁ@ﬁh tﬁﬁxsctamhbmgmde %rdﬂwmmwﬁpat to the
ecision suppart circu 131 Sln.c deC| 198 SHp) [t circuit
comelay b B P AR ot o R SRR o
scrambtiopprodil ingnbedéstepul BOBr IS thnft{duﬂdorahs mhmodaculatedt(sm}al §@8&mbllng
code repeats itselfk tlmeso ts( 13 00 erring
and oognga(% %lglure imfﬁe c:onfrokJ %%omgsﬁs s%%? %llghéhlp Ege{ buffer

correla@otavahye itereatoiiofith czdudmcumreahtdfh ¢bedtppi ﬁqudcrmmgscod e
uffe a |mar scrambling cod ecision
Iy R T B

Shic CircuR a WI exe‘iusmn 0QIC CIrcui r 18 is
the scranﬂﬂdlga:asdakedﬂmnm thkematmik:d].& i3Ephs Ehtirethetiaeardowigignithm in

rdan r bod| nt of the n.
is qu)lﬁ)%%i c§£ thé) r%g?) C|S|orr1nf)al gl% us%J%m ?geq %é{g}‘(f&ﬁ{er 18 to
the decthbin rmppertfmrpmtr@;(&mpammm gSindethor dnikibrosippoit vtk te
observdFREMIDR RESE SEIONI VRSN Bl - WamaRAoIGAAS
recelves the chip offset, the %te irm signal and he step unter
numbeﬁmaﬁmmheoatamdzm&m izctamﬁdmgmﬁcmpham@ﬂhhmes@nal is
of M3 lrdi% Eggpcg]t[yller 18 forwards the firm chip offset to the step

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

offset buffer 9, a rejected chip offset counter 11, a rejected primary scrambling code

vector buffer 13, a rejected primary scrambling code counter 3, a decision logic circuit
2 and a window exclusion logic circuit 6. The controller 18 is used to make better

decisions during the entire cell search algorithm in accordance with the preferred

embodiment of the present invention.

{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 offset, the step
1 firm signal and the step 1 counter signal from the step 1 module 12 (step 1401). If
the step 1 firm signal is high, the 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 controller forwards
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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, stop 2 firm, and step 2 counter (step 1403). Ifthe step 2
firm signal is high, the controller forwards -15 the firm code group to the
step 3 module (step 1404a). Otherwise, the controller 18 forwards a
tentative code group to the step 3 module 16 (step 1404b) and if the step
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

the firneode [ga@nehs n@@mdé&m@tbgdé@@)sl@ﬂmﬁwme(swp@ltﬁﬂ)em step 3

dule 16 then | Fi
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2 counteoiddegy thip Maythestdp thestiejr 34wontmg¢ﬁblgdmghtetﬂmpdde gsision
that.the d
numbergﬁﬁg E%{é%g ﬁsmn rggfgosbnrloiess %r%%p irm s%ﬂj g}\gg%atr;]e
is reset $b8gp 1407 ngnmte&ﬂmgﬂn thethtep 2tepdle@entertisgesodhanmber and step 2
slot Oﬂnéfh%FWI Sgﬂéﬁnu@ eratgll? C?éj %&{’O%C[Q%@Qeg()%gmlé

duferecenves areset signal from ¢ ntroIIer 18
numberand E&ﬁﬁi%ﬁeﬁgﬁ;ﬂ e;mpwm)tgeﬁe@st@mwwmﬂmemﬂ@ elitinues

uptil the deC|S|on outpyt b tep.3 | etoa
oftset i oSBT AMEG LIy Rt TS sl i i
circuit Zdetetating thaythesennitione tod, mlumhbf:@ ﬁ‘gn‘req@ endy tbredesiglan order

to co | the i |bIe fr u and the
1°g1°pr88ﬁssu a% ﬁ%l n%az%lfl gltohz glc%% | ller 1 %Itl gﬁ ILéﬁceell
step 2 csaﬁr@hs‘leguhmnwm,sm@sthp me’mdlémcyxm;mﬂae@g@rem¢ Retﬁéﬁgtglm Figure

number, @% TR eI R D o RRRAe S AN A R PINE HEmioRGhCrou

ge contro?% oscillator O 7 or numerically
controlleph§ etié¢ ceasciliatier( R GDpidFHe 0\GtEp4 463 pléis prapeduso nomigics 8 and

uniil th% éﬁ\{f%é})g E‘cg(_rlg‘?r sestep tjremqoéeﬂg%a{ %%ypn table (FAT) and a frequency
[0058] Due to a possible initial frequency error in the VCO, excess loss of
signal correlation may occur. Therefore, the VCO is frequency stepped in order to
" control the maximum possible frequency error between the UE and the cell. Upon
initialization of the UE, the controller 18 initializes the cell search frequency using the
frequency synthesizer 20. Referring to Figure 1, the frequency synthesizer 20
comprises an adaptive frequency circuit (AFC) 4 and a voltage controlled oscillator
(VCO) 7 or numerically controlled oscillator (NCO). The AFC 4, coupled to the
controller 18 and the VCO 7, comprises a frequency allocation table (FAT) and a
frequency step table (FST).
[0059] When the controller 18 is initialized, the AFC 4 sets the frequency using
the first frequency in the FAT and the offset value from the FST. This initial
frequency is the frequency used by the controller 18 to conduct the cell search. The
FST is a table of step frequencies, or offset frequencies, for example {0, 2, -2, 4, -4,
6, -6...N, -N} which are used to offset the frequency in use by the controller 18. The
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[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 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 -16 FAT includes a
plurality of predetermined frequencies for which the controller 18, or a
level | controller (not shown) utilize to locate and synchronize the U1 to

FAT ingludgsaplysalély, elopisdrsesayiet frrgursgissuier ibishithmpontroller 18, or
. f inc ' . in.the FAT the

v lovl [SOHERTE (RARIEHT AP0 TRl 0 (IO M TS e e

station - 162 pigphisesSHNhactoctingly, thghtadisoofrfiteguedriialiteddihee defined

' fiset yv.is . SF., and the f /> F0Q. The AFC 4 bi the
5 Fo FnBrvehonels U5 603, AL HSGHERCHth bR s 4 0 ek SF,
SF,,‘-SP’Q@I%L'WQEFW@FNW%%E%F}M Fy%ﬂéﬁ%%”%ﬁﬁﬂii%ff%“{%@% ized, the

frequency. f006 ‘The controller 18 performs the decision logic disclosed
offset fedgueacy &8F, Xandhthe fiohiframes the diltputBEpIZGmbilassthetgo values

e L
| maintaindtihtherfe %me&gmgg&ﬁ]ﬁmﬁwms the resulting

frequency to the VCO or NCO 7 to maintain the U13 at this frequency.
- [0060] [0061] Tittrecomvitadlier EiBmmfvimue throdstepithr dogictdés olfseiditdsmenciéa frer

" inthe FST until a high signal is defected from the step 3 module 16,
o g s WA (i i oL s sl ghe
AFC 4tee geptrolige 18@nsesell iaf the piget Sipquangns haye begn teRcthe then

_ AFC 4 resets the FST offset-frequenc’y to SFO, steps to the next
combinfieigarsy et Eaquencsvd bdhefiequeneywbthallresT, IR, +SEQ, dod outputs

e R B IR R VB ey
{00617 performadhentietisiorslegigiyast ehkiap gisnakis GRISEES FRIGUIBEHERBthe
‘FST unirz?log ukll?g%l(séi;glasl %goggtséited from the step 3‘ module 16, indiéaﬁng a ﬁrm
_vdetection or until all offset frequencies have been tried by the controller 18. Once all
of the offset frequencies have been tried, the AFC 4 resets the FST offset frequency
to SFO, steps to t_hé next frequency in the FAT, F, and combines the two values,
F ,w_LSFO, for output to the VCO or NCO 7. The VCO 0r>NC‘Q__7 then regulates theLUE
frequency to this new resulting frequency and the controller 18 théﬁ performs _fhé
| deéiéibn logic until a high signai is detécted from the Step 3 moduie 16. This préccss
of stg:pping throﬁgh me FST and then stepping to the next FAT frequency is continued
Vu_l'ntilﬁ a high signal is output by the step 3 module 16. Once this event occurs the
.dgtgction of a vsqrambl}ing code, the AFC 4 lo_(;ks the EST offset value at its cutrént
fosition, ndt to be readjusted untibl thé anﬁolle: 18 is initialized.

'i[0062] As _thos“e skilled in tﬁé’ aft kﬁow_, most service providers in a
| communication system have a differcntipublic 1vandb mobile network (PLMN). The UE

A u;iliz_t;s ’t_hefivga‘teg;‘_tcd PLMN to determine whether or not the service provider provides
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of stepping through the FST and then stepping to the next FAT frequency
is continued until a high signal is output by the step 3 module 16. Once
this event occurs the detection of a scrambling code, the AFC 4 locks the
FS.T 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 detected PLMN to determine
whether or not the service provider provides -17 service in the UB's
location. The controller 18 utilizes a window exclusion logic within the

service MR WX Gusien. 0Tie esatiblkfas atiiesningeloejestiisiduddgiche

... wrong PLMN. Since detecting the I-IGC 21,.22 output at pgak vglue
witin 0 G B ROLITRE ST o CORFONPA S SRS AR o

wrong PEMINSIORdeditettinydrcAIBE i enshoakpdie/utinddwapxglusidnlogic
B T
deadlockOTas/eiiasbelicnsion iptcairepidtadypisdan/ise troitibndopdderadunter 3.
2 iR SEELEIReqe SHSULS Sheckpe i oAb code
primaryGegeshigredde viceordjetfte dpriandry sftewbprinandscuanblingetide 13. If
cote TIPSl SRS i A5R mly sy e
output ffEtit Gtepicisdile sadarheriitrizenihg denisilindogitzcstordd again.
B e
output fpoiffehd agsdliseditly isdonaskngbndnelior 33.Toe inask@gnBradl & of the
s B R IR BRI R TR
decisiof togicitieceongateEdd imderimineserhicbliogipsdaiemjtcsiditte ehiplude in
ot o S P, e e S o
vector buffer 9 and used by the mask generator 5. The mask generator 5 of the
decision circuit 25 within the step 1 module 12 uses the values stored in the rejected

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

to determine which chips in each slot to exclude in the window. The exclusion of the
detected primary scrambling codes and chip offsets are made only within a single
frequency band. The buffers and counters are reset when there is an acknowledgment

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 or NCO 7 is then
adjusted to maintain this combined frequency. '

[0064] A flow diagram of the window exclusion logic utilized by the controller

is illustrated in Figure 15. The controller 18 runs the cell search decision logic and
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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 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 or NCO 7 is then
adjusted to maintain this combined frequency. [0064] A flow diagram of
the window exclusion logic utilized by the controller is illustrated in Figure

finds a plithalPSERMIRIEICHS (Es 1@ Reliirqaiehd ecisapling i@ pdselinds a
primary scrambling code (step 1501). The primary scrambling, code is
to the upgerlayars; GigRelg W%%E?@@@ﬁq%@ﬁ?wm%?m fi and the

code indBXI(BR}Y 1505 MbliRPIOvRiE iRdexdSent Padicilatheidyihidtideeatiect for

. the patrticular service provider, the UE is_synchronized to i%l%gaig station,
UEis WB%?H%&@@@?@%M@&B%@%@%W% imcdrrect and

the PLMKE5E 8o &2 ahe iyd R disingnsy thenmifhihthe AET o tHha 6CE, 4 steps
to the next frequency in the FAT and the controller 18 chan esfgge .

the AGG b 5B e BFRLSBUEPY AR A i ot o loe VECRAPESHLF 13, and

frequendig SB3FciiiBe pRtheLAIsAmIgRAEbsac B dR 1660) biifstodd 41 rakeslthat the
ailure condition monitc_)rs either the counte bu%;rz 31T 11, mtimgr to
cell searghalparifby ieRet W 1dileli Lonfshroted Falnthe LY HEh SRS icates
o ney) 1 Toefe 15,10 hecency It wihin the. EAT fhe controllr 18
.. frequency). If there is no frequency left within the FAT,.the controller
'Condmo‘bggﬁ‘l‘?to%@‘i@;e@ﬂmgﬁ ‘é?'fﬁ%@% °§i%?88“p¥{}ﬁ; 30/% $&fbling
under théea@datesmd o) (3 hefcontiiior 18iiberiseaiftaadist fequithiaytand

passes  the rejected primary scrambling code to, the initial cell search with
FAT, the,rrasalesdhssms dectifs @%ﬁhﬁr&%ﬂ)‘f%?ﬁgsc‘%{’rg&ﬁ%? PEARIPLL e initial

scrambliG8bS@AEE WISV ITEOYsnasikiSiR thengtiatiedlist Alsquensgimdpadaiiure
. condition (step 1508). The rejected. primary scrambling code, is.pushed
the rejwmé&m%éﬁ&%ﬁﬂm&f&émﬂ@ Gelferbygh window exclusibn

method (step 1507). The controller 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 run and a primary scrambling code and chip offset are
-~ found (step 1510). If the primary scrambling code is stored in the rejected primary
scrambling code vector buffer 13, then the chip offset is pushed into the rejected chip
offset vector buffer 9 and the rejected chip offset counter 11 is incremented (step
1511). The cell search decision logic is again run excluding a window around the
rejected chip offset (step 1512). If the primary scrambling code generated by this cell
search decision logic is again stored in the rejected primary scrambling code vector
buffer, then the detected chip offset is pushed onto the rejected chip offset vector
buffer and the rejected chip offset counter is incremented (step 1511) and the cell

search decision logic excluding a window of value rejected chip offset is run again
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buffer 13 and therejected primary scrambling code counter is incremented
(step 1509). The cell search decision logic is run and a primary
scrambling code and chip offset are found (step 1510). If the primary
scrambling code is stored in the rejected primary scrambling code vector
buffer 13, then the chip offset is pushed into the rejected chip offset
vector buffer 9 and the rejected chip offset counter 11 is incremented
(step 1511). The cell search decision logic is again run excluding a
window around the rejected chip offset (step 1512). If the primary
scrambling code generated by this cell search decision logic is again

(step 1510y iepthe 1ejeates prostanusari Hig-aRud yeiary budlers ifmthe
. . detected chip, offset is pushed onto the rejected_chip offset vector buffer
the it R PRJRASPR oS RO O BRI SIS RRPYEIFTS 510 the

await aeeHcheaxthigacisivy theibeyattinng @ty ndaw).of Makugdajegtesiahip offset
...isrunagain 19 (step 1512). Steps 1511 and 1512 continue until the
condic G B § DT SRS R R AR
availabRofaspolsiy cadiatie fasy dediaithedpaedayassda falal i there
acknowledgment py the base station (step,1513). If there is a failure
was & g TGS 2 P i P ST e 0 et o
and pasS&y e dicidgitahiey (Siembbly paidith e feqsmis (eiepinsteyl. ifbere
W. failure and ther as a frequency, remaining in the bandwijdth, the
oot S B SETEh ) i e e s st ey
failure cagidinh]ingiod Gigr 1He8)regs eonydste 8 ibdtoithres artiaiien E8ithen
' resets the initial cell search with window excluding method and the failure
search K3 HAN RO P SE LB PRI AREP 3 TRARE PO AR i
conditicie lhnsle e PIMIN visneteri st x ehigstontrolsa oL dndiisete bat aheveH fithere is
_ no failed, condition and the PLMN. is coyrect, the controller 18 indicates
synchropze 33 (618 SO PR BRI L DR A TSR B o e
~ the proc@skiouiedigmednIf(icPLIIRNG) @ookrébe theaepstkbptnminatesmiithe PLMN
. Is incaortect, the rejected primary sgrambling code s pushed ino the
code is e R e R P TS SRS B eroser SR L i
rejectedppiinady Serantiipoceds eputor s indratemdriaep(sErs) 51he dde cell
search decision logic is run again excluding a 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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search decision logic is run again excluding a 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. -20 CLAIMS What is
claimed is: 1. A window exclusion method for conducting initial cell search
and establishing a communication link between a liE and a base station in
a communication networkst ethod comprising the steps of conducting
a cell search to detect a primary scrambling code and offset associated
What is ¢latmeshisi base station; determining whether said first base station is

associated with a specific public land mobile network (PLMN); adjusting a
search frequency in response to said determination of said PLMN; storing

Lsaid dritviadpscesphising wsthothiarcsadustiteratitnlset sgnsekin an offset
and estatHEeRCORRRNRG RAH AIIMADLIEABRING LW h.aPthnagy scrambling

code stored in said code buffer and said offset with an offset stored in

in a comyypicafreRneumer; thejaetheg sompprinsihe stapsrAbling code and said offset
coliRARENSEAP SAldhcRMRAE N, ARG RMUHRE SRificeth sl

. excluding a predetermined window around any offsets in said offset
associategyidysad e #8Mbd as claimed in claim 1 wherein said cell search

deR@MRAMRERh AR SIAR TRk BREENNG 30 ABLLEATWRY QIR SianR: first

processing said communication signal and generating an index value
land mobglggstnaukd RNY:primary synchronization code within said communication

adfieR aSRifch frequency in response to said determination of said PLMN;

storing said primary scrambling code in a code buffer and said offset in an
offset buffer;

comparing said primary scrambling code with a primary scrambling code stored
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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index value being used to calculate said offset; extracting a peak sample
from said communication signal in response to said index value; -21
second processing said communication signal in response to said index
value and said peak samples and retrieving a code group number, slot
offset and secondary synchronization code: third processing said
communication_signal and retrieving a primary scrambling code in

secrBdBARSESIBIHY COUEBRSGHMMERE 1B AePRANE R P dadcyoyalue
and said pEYPEMARIZING saidills IocsaidRABSiANeNIsalfsatgyabedraid primary

_scrambling code being a firm code decision: and adjusting a search
SYHCMOUWQ%P\QS) of said UE in response to said code decision until said code

thikBHSIREsifofEAT Sorhhfa MEHIGH sAnalaifaed i elaimspliffag, wherein said

a justmenf of said search frequency comprises the steps of: extracting

scrambling adsfiaTBIDRAIRYOSAIGHOSE YD EHERES HNFUh eV SIuiflity of search
synchroniZHEHARNGIER SRMIAIRG F3Hd-are f spifdpkia mmkeiiReldisencies with

~ said one of said_plurality of search frequencies for generating said search
code beingra gyl decifieairing said search frequency; and setting said offset

adi{EeTEHD reRaRsSIasaidieardsaion. dmethaddpnganducting

Initi searc establishing a communication link between a LTE

said code dersmibidemstation 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 iq’ifr)}rimary

3. scrihatigibod selelaumpddn plenetdresd prikaesty sidadislimgiedsasind
search frequency comprises the steps of:

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

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

maintaining said search frequency; and

sefting said offset frequency in response to said code decision.

4. A method for conducting initial cell search and establishing a commmunication 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 scrambiing 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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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 winuo" around anT rejected
offsets. -22 INITIAL CELL SEARCH ALGORITHM ABSTRACT A system
and method for establishing initial synchronization for the link between a
UE and a base station in a communication network uses window
exclusion logianitarde Coidysdardendipcloranditian upon a detection of
the wrong public land mobile network (PLMN). The communication signal
is processed in a three step decision process. The first decision step (12)
determines a chip offset of the strongest path detected over a frame of
samples. In response to thé:ieTdfefsibn (12), the second step (14)
generates a scrambling code group number and slot offset for retrlevmg
A system anscrgg%ox %%rr]reosnzli gtl A C?gl 12 he t%?)nqgg I%S St(% tr!sggeen? g
UE and 31 b sstC{%n 10 % agoons Svor eSCé) wi exc usmn ogic in
order tg)g']f%x(iondzé 0@1‘(3 condErl Bon upo%sg c 1on ogi‘he wrong public land mobile
network (PLMN). The communication signal is processed in a three step decision
process. The first decision step (12) determines a chip offset of the strongest path
detected over a frame of samples. In response to the first decision (12), the second
step (14) generates a scrambling code group number and slot offset for retrieving the
second synchronization code. The third decision step (16) retrieves a primary
scrambling code in response to the code group number for synchronizing the UE to
the base station.

Fig. 1
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