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rel ates generally to comruni cation systens. Particul arly, % present
invention relates to reverse link signal acquisition in a CDVA environnent.
DESCRI PTI ON OF THE RELATED ART (00021 The radi o frequency (RF) spectrumis a
limted commpdity. Only a snmall portion bf the spectrumcan be assigned to
each comuni cations industry. The assigned spectrum therefore, nust be
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access (TDWR), frequency divisi on nmul tiple access (FDMA), and code division
mul tiple access (CDVA). 10004l #y JHH ys a spectrumtechni que
for the transm ssion of infor rrat I-on. e sprea spectrum system uses a
nodul ati on techni que that spreads the transmtted signal over a wde

f r equenFiL BB rueIvENTIgIUENcY band is typically substantially w der than
the m ninmum bandw dth required to transmt the signal. A signal having a
bandwi df0@0bf The Ipyesantf mwektiborelates genermliyetosgymmminivaton 3ydiemnsl vivaititulady,nibe e

than a nmegahertz, ?051 CDMA conmuni cati ons systens typically use
di r ect i RFFEANE HWFB%%" iesctareverstink eignal gequisition ina €BMA sRdrawmsaticasti ng into
sectors of the cell. The cells are located in major netropolitan areas,

al ong hi ghways, and along train tracks to all ow consunmers to comruni cate

Jbot h atpmnl@ﬂq)mgm{.xﬁﬁﬁhﬁg 100061 Al of the nobile tel ephones
‘conmuni cat i ng in the COVA systemtransmt on the sane frequency. Therefore,
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must be used efficientty in order to allow as many frequency users as possible to have access to
the spectrum.

[0003] Multiple access modulation techniques are some of the most efficient techniques for
utilizing the RF spectrum. Examples of such modulation techniques include time division
multiple access (TDMA), frequency division rﬁultiple access (FDMA), and code division
multiple access (CDMA).

[0004] CDMA modulation employs a spectrum technique for the transmission of information.
The spread spectrum system uses a modulation technique that spreads the transmitted signal over
a wide frequency band. This frequency band is typically substantially wider than the minimum
bandwidth required to transmit the signal. A signal having a bandwidth of only a few kilohertz
can be spread over a bandwidth of more than a megahertz.

[0005] CDMA communications systems typically use directional antennas located in the center
of a cell and broadcasting into sectors of the cell. The cells are located in major metropolitan
areas, along highways, and along train tracks to allow consumers to communicate both at home
and while traveling.

[0006] All of the mobile telephones communicating in the CDMA system transmit on the same
frequency. Therefore, in order for the base station to identify each mobile, each mobile is

assigned a unique pseudorandom (PN) spreading code that identifies that particular mobile to the

system.
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[0010] A typical frequency searcher experiences difficulty finding the signals transmitted by
mobile telephones due to the double Doppler effect. The double Doppler effect may reduce a
mobile’s signal as much as 24db below the threshold used by the searcher to find mobile signals.
There is a resulting need for a frequency searcher that is capable of acquiring mobile signals that
are affected by Doppler shift.
SUMMARY OF THE INVENTION

[0011] The present invention encompasses a searcher that finds and tracks the frequency of a
received signal. The received signal typically is experiencing a phase error from the phase that
for which the searcher is looking. The searcher comprises a frequency locked loop that generates
a phase increment signal in resbonse to the detected phase error of the incoming signal. This
phase error is used to generate a phase increment signal. An accumulator is coupled to the
frequency locked loop to accumulate the phase increments. After the accumulator has

accumulated a predetermined phase increment, the accumulator generates a control signal to a



frequency | ocked | oop to accunul ate the phase increnments. After thﬁg

accunul ator has accunul ated a predeterm ned phase increnent, the JUL 2005

- accumnul at rates a control signal to a 19 JUL1005 WO 02/069594
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PCT/ US02/ progranmabl e rotator. The programabl e rRStEVIRAEH: or s a
phase rotation function in response to the control signal. BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 00121 FIG 1 shows a bl ock di agram of the
Frequency Locked Loop with the programmmble rotator of the present

i nvention. [0013] FIG 2 shows a flowchart of a programmabl e rotatar process
of the HspErammableyptater. Jhe programmable retatog perfsms aphase retation fasgtiemin tespopsts

(in PN ase increnents for different frequency bins. [00151
FIG 4 téhﬁ?\%))"g%&lg'?qof the probability of pilot signal detection versus the

frequency deviation in accordance wth the progranmable rotator of the
present invention. 100161 FIG 5 shows a bl ock di agram of a base station
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the frequency bin offset is introduced into the baseband signal,

mul tiplication is generally required and the bit
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0017] The searcher of the present invention incorporating a Frequency Locked Loop (FLL) with
a programmable rotator eliminates the searcher coherent loss resulting from the Doppler effect.
The present invention provides a significant improvement of the searcher sensitivity by replacing
a periodic 90° rotation with a programmable rotation of multiples of 45°. The searcher’s
performance is substantially equivalent to the searching technique known in the art as frequency
binning.

[0018] In frequency binning, the intermediate frequency (IF) of the local oscillator adjusts the
offset frequency control logic so that the baseband signal is already corrected by the amount
required. The amount of correction or offset by the local oscillator represents the bin spacing.
[0019] However, in order to perform frequency binning, the hardware needs to introduce the
frequency offset into the received signal. This cannot be done on a per mobile basis since all the
mobiles are received together as 2 CDMA signal. Additionally, in cases when the frequency bin
offset is introduced into the baseband signal, multiplication is generally required and the bit
width of the datapath must increase. This increases the hardware complexity in a non-linear

fashion.



wi dth of the datapath nust increase. This increases the hardware conplexity
in anon-linear fashion. 1 9 JUL 2005 WO 02/069594 PCTI US02/ 0148% 34JUL 2005
100201 The searcher process of the present invention replaces the frequency

bi nni ng pwareaweddy phase conpensation or rotation that isSpepRishesissp the
baseband 1/ Q sanples. In the preferred enbodinent, the rotationis limted
to multiples of 45 steps. Alternate enbodi nents use other rotation limts,
such as 90 phase rotations. [00211 The hl ock diagramof FIG | represents
the searcher of the present invention, FLL with hardware' s/ 4 rotator. In
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conbi ni : . f-(%gents, spanning an interval of |ength 2048
chi ps. rﬂﬁgggggﬁﬁz#gfr)ﬁ%%{q}%?ﬁoéﬁ , the preferred enbodi mrent of the present
i nvent i [0021]sThediguk disggtamfof FIGL dtrepresenpotht isearcler@t the grasdinh fivemidn) adFIHL with
portion (102). In the preferred enpodinent, the rotator portion (101) is

i npl eneWIERIE Vs Fetr@halndbosphsequent discusyion of the present invention| eagh slotds divided

di gi tal,_signa rocessor .(DSP). 100231 1 n.qgeneral, the rot at es
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then de-rotated to generate an output of the pilot filter that is valid for
a gi verbaseseoméirst accuimulatoigathe gle-spreade handwars-motsted pilotchilps over dagh segmengaade of

the pil pt | at ed h segnent relative to. th .
tos bt Afn R EHE Fomb T e el A BR Sre bR spapniEe e infay DT Sobfh 2048 Ghigs.
fi1ter (00)efiting 18 RRG.PNREpr@fertdcerMdiibn ot theproliil AchtioRs %dg.g;zris;eamt

kih
over which the prlot filter output is used for denodul ation.
Ref er r irptgtar ortios.(141) togathdriwith a FLédppartiop(102). Ini the prefompdi embodimentotherotatns

ver cRORRELHA & P EmenEh N Ea et hile e BLL, Sinf (BT s trRe St 8 e
one. 1 e B o™il t1 bl ed by the angl e of rotaiion e(bri)
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di scussa%gunsm ator that' tSll.ll'}'/lS its input over four segments. The output of the sliding window
accumulator is then de-rotated to generate an output of the pilot filter that is valid for a given
segment. The rotation of segment sums is used to align the phase of the pilot accumulated over
each segment relative to one another. The de-rotation step is performed in order to align the
phase of the pilot filter output with the phase of the signal at the midpoint of the segment over
which the pilot filter output is used for demodulation. (
[0024]) Referring to FIG. 1, the first step in pilot filtering is to decover the pilot channel from the
hardware rotator output and accumulate the result over each segment of 512 chips (105). The
decovering operation is performed by the multiplier (126) that has the phase of the input signal,
g7 | as one input. The phase signal is multiplied by the angle of rotation, ¢/#, from the
hardware rotator (110). The generation of the angle of rotation is discussed subsequently.
[0025] The output of the multiplier (126) is the decovered pilot signal that is input to a summer

(105) for accumulation over 512 chips. The accumulated signal is multiplied with the local
estimate of the frequency error, ¢/¢:. The multiplier (130) output, ¢~/ , is then input to a
discriminator (110) to determine the cross product. The FLL is driven by the output of the cross
product between successive 512 chip accumulations of the pilot signal. The output of the

discriminator (110) can be expressed as Gsin(88,) .
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cross product between successive 512 chip accunul ations of the pil ot
signal. The output of the discrimnator3(110) can be expressed as
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of n/4 radians. The resulting rotation is applied to each sub-segnent of the
recei vednSianianaous signal PRIsE oyes bR SEBBAENt . As a result, the instantaneous

phase ofip429¢ 18t H3RtoP{1 E6)€operates under the hypothesis that the difference between the

instantaneous phase of the signal and the average phase of the signal over the given segment

nﬁ

varies linearly with time. It starts with an initial value, 8 radians, at the beginning of the segment
and ends with a final value of -3 radians at the end of the segment. With this assumption, the
rotator (110) computes the average phase over each sub-segment (64-chip interval), quantized to
. the nearest multiple of /4 radians. The resulting rotation is applied to each sub-segment of the
received signal, over the given segment. As a result, the instantaneous phase of the signal at the
output of the hardware rotator (110) remains nearly constant over each segment. The output of
the hardware rotator (110) is used by the tracking loops, pilot filtering, and demodulation of a
communications device.
[0030] The average phase of the signal over the segment is the same with or without the
hardware rotator (110) of the present invention. Therefore, the hardware rotation process is
transparent to pilot filtering and demodulation. The hardware rotator (110), however, provides
coherence gain by reducing the variance of the instantaneous phase within each segment. If the
frequency offset is small, then the hardware rotator (110) provides no rotation, and the system

degenerates to the prior art implementation of a FLL.




out put of the hardware rotator (110) remains nearly constant over each
segnent. The output of the hardware rotator (110) is used by the tg gﬂlwg
| oops, pilot filtering, and denodul ati on of a comrunications devr ce 01
The aver agwOIR#6Y6f the signal over the segnent is the sameTwisohomss wi t hout
the hardware rotator (110) of the present invention. Therefore, the
hardware rotation process is transparent to pilot filtering and
denodul ati on. The hardware rotator (110), however, provi des coherence gal n
by reducr ng the variance of the I nst ant aﬁ1eous phase wi t hin each segnent.
t he r offset ) t hen t rdwar e, r ot at ok rovrd
ot at 1 RO ER infhlerd el Misim dediiie BIG- /1S SR SEbE Rl LT b
FLL. 1 n,
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an accumglewbdrot4tichy )2, {/mhtthitds inpaate thecdDBP yotatb? (120) s genthate chet lpedl esfimatecof
accumul ator (117) is the angle of rotation, 8 [m, that is input to the DSP
r ot at orthé fr2Quericy ep@ncedte the | ocal estimate of t he frequency error, CA .
[0032] The outputs of the FLL can be expressed in x (initial ghase) and y
(phase (0933 ])chamoytputseeithe SLLf ean barexpreseaiin x (inigal phaseYend yHphase iporsthenty y =
. * 64Tc ﬁ(:ﬁifsﬁg where N is the coherent accunulation length that is 512
ch| ps fiErm W& demodul ation. The x termis approximately equal to a
negative of half of the phase shift suffered by the received signal over
the length of the segrrent The "32" termis used to center the initial phase
to the first y=s EA g] ddHd chips. The additional "/s termis

re nee

used sq0083k th har truncate, rather than round off, the
value of itsysd g te iable in order to determi ne the actual phase
rotation. In the 8-bit scaling used to represent x, (err) radians
corresponds to the nunber 16. [0035] The phase |ncrenent y, represents the
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the fr eqb_esggct}/legly gfolteggt?li& chips. 3. r’[)ht: additional "/ term is used so that the hardware nceds to
truncate, rather than round off, the value of its state variable in order to determine the actual
phase rotation. In the 8-bit scaling used to represent x, “/g radians corresponds to the number 16.
{0035] The phase increment, y, represents the phase shift of the signal over a sub-segment (64-
chip interval). The same phase parameters may be used for the demodulation of all RAKE
receiver fingers, in a communications device, associated with a given user.

[0036] During a frequency search, the above expressions for x and y are modified slightly by
replacing the frequency offset estimate, f,.., from the FLL with the frequency hypothesis, £, ,

and by setting N equal to the number of chips of coherent accumulation used to compute the

search energies. This results in x and y being expressed as:

c=F £, + (V4 -32)r, +n/8fmod2n

y=fy *64T.

[0037] During a search for frequencies of mobile communication devices that are already being
tracked, the search, in an alternate embodiment, may be restricted to the single frequency
hypothesis. This is the frequency offset estimate that is closest to that estimated by the FLL for

that particular mobile.



and by setting N equal to the nunber of chips of coherent accunul at g E?@g
to conpute the search energies. This results in x and y bei ng expre s’g
Cx o= {- " - .32} Tc +n/ 8} nod2;r Y=fy *64Tc. (0037] Dur search for
frequenci é‘é"&%% il e communi cation devices that are al reah@%’gﬁ‘b‘“{ racked,
the search, in an alternate enbodi nent, may be restricted to the single
frequency hypothesis. This is the frequency offset estinate that is cl osest
to that estimated by the FLL for that particular nobile. 19 JUL 2005 WO
02/ 069594 PCI/ US02/ 01484 7 00Q38] ., The hardware rotatar (110), of the pr esent
i nvent i 93 %Tf»ﬁ i"ﬁ?a%“ﬂa‘l?f't([k(ﬁ f]et hg Rresanl mvenlinss@ainiaine apdy ?’Eﬁﬁ? arigble
phase | r.e t
Phisr ougydh, PhlyE b BpedsE e thalafle P RILN: e BubpE ot SofinsChh (BEMRRteERA.
t he DSRemtpstfiink@t) tisl 3d1uéibn ﬁ.h"i‘upfaﬂ&@n@tDuﬁ?@ﬂﬂélﬁﬂdlﬂitﬁﬂimafdhﬁhitﬁRMeEDSP
rotator (110) with a 16-bit word that contains the two 8-bit paraneters, X
and vy. qc@ﬁmilmfoérthq pugseng divention pragrarts thehardwarpirotapar ddi @nwithag 1ésbi werd
generatg t he conbg ba(tlon £150 f x that has been left shifted 8 bits
to trun (@fl{ams -t onbi nation is expressed as: z=(x<< 8)1
y. (004839} RefRirfaSpaitl 9FIG. @aen& 1@39. 8 GoRi {s geRed: @lleré'énfblﬁﬁ\t
|n|t|al4ﬁva uee ohmghgastate var i abl eleprvx%iﬁc g’%t grm nes the phase of th 1on
r ot at or(16@kof & it fhias beerms letft safjed B tbits Gel trohigse thet £L8BE,) and jhEhis @mrbmat:on is
significant b te of the 16-bit word contains the phase increment, which

determ%ﬁesf S-amount by which the state variable is increment ed from one
sub- seggre Lpe next. The phase accunulation is perforned nodul o 256,
whi ch correspo s toa full rotation of 2n radians. The actual phase

rotati qood®y Tie Higﬁ@ﬁsn%blﬂ‘rc%ﬁgﬁ?t@toﬂ the ABLRE MR QMntHn'd rtﬁ@tniu'ﬂﬁl yVhRieofLiBBSstade t he
'state variable, "and nultiplying the 3-bit result by "/4 radians. (00411
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FEALTS AT T O COR N S GHE R TS
of the Jfadun@b§ whiththe std NRiabRiS iRreftdd R6m he hlb-Sdgmidi® tPHRIRAE. The phase
accumulation is performed modulo 256, which corresponds to a full rotation of 27 radians. The
actual phase rotation for a given sub-segment is obtained by truncating the 5 LSBs of the state
variable, and multiplying the 3-bit result by "/4 radians.
[0041] During demodulation dispatches, the initiél phase and phase increment are computed
from an the estimated of the frequency offset provided by the FLL, and the {ength of the segment
(N = 512 chips).
[0042] The x and y outputs of the FLL are input to the rotator portion (101) of the present
invention. The rotator portion (101) is initialized by the initial phase (x) from the FLL. The phase
increment (y) is input to a modulo 256 accumulator (140) that is updated at a 64-chip rate. Both
the x and y inputs are 8 bits in width.
[0043] The output of the 8-bit accumulator (140) is input to a shift register (125) or other shifting
device that shifts the accumulated signal by five places to the right. This generates a three
remaining bit signal (R=R;R;Ry) that is input to the hardware rotator (110) of the present
invention. These are the bits that are applied to the hardware rotator (110) that instruct the rotator
to perform the phase rotation a predetermined amount. For example, in one embodiment, R =
001 (R2 =0, Ry =0, Ro = 1) would instruct the rotator to rotate by "/a.
[0044] The hardware rotator (110) in the rotator portion (101) minimizes the coherence loss in
the presence of large frequency offsets between the reverse link signal, received by the base

station, and the local oscillator. This is achieved by phase shifting the signal by a (possibly)




I nvention. The rotator portion (101) is initialized by the initial phase (x)
fromthe FLL. The phase increnent (y) is input to a nodul o 256 actgmulquggr
(140) that is updated at a 64-chip rate. Both the x and y inputs are bits
in w dth. wo0z&bsekhe output of the 8-bit accumul ator (140) pcsmls@mug.to a
shift register (125) or other shifting device that shifts the accunul at ed
signal by five places to the right. This generates a three remaining bit
signal (R=R2R1R0) that is input to the Eardvvare rotator (110) of the present
i nvention. These are the bits that are dpplied to the hardware rotator (110)
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way, the instantaneous phase of the signal remains close to the average
phase okept hmsmngqedrcmlmubeagrhcme(gémhms) [0045] The hardware rotator (110)
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mul tiple of 45 and the angle is "kept cohstant over each sub-segnent
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[ 0047] he base station receives the p signal and S It (step
205) . Tirecese sovedt knogvn ipticatand s neediscussalMurther.t he art and is not di scussed
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(step 210). This error is determined after a 64-chip interval as described above. Alternate
embodiments use other intervals of chip lengths.

[0049] The phase error is accumulated until it has reached a predetermined accumulated error
(step 215). In the preferred embodiment, the predetermined accumulated error threshold is 45.
For example, if after every 64-chip interval the error is 6°, this error is accumulated until the total |
error reaches 45°. If the accumulated error has reached the predetermined accumulated error
threshold (step 220), the rotation 1s performed (step 225) as described above. If the threshold has
not been reached (step 220), the process goes back to receiving and accumulating the phase
errors (steps 205 — 220) until the threshold is reached.

[0050] After the rotation is performed (step 225), the accumulated phase error is reset to zero
(step 230). The process then continues the tracking by retumning to the receiving step (step 205)
and repeating. .

[0051] In an altemate embodiment, the same 8-PSK rotator can be used for both the FLL and the
searcher. The rotator control in the searcher needs to be separated from the phase estimate output
by the FLL. Instead, the value of the phase needs to be overwritten by the DSP and has to be

interfaced to a higher layer of the software that implements the searcher process.




(step 210). This error is determned after a 64-chip interval as described
above. Alternate enbodinents use other intervals of chip |engths. 1{90491005

. The phase error is accunulated until it has reached a predeterm ned

accunul at w eregmv4 (step 215). In the preferred enbodi nent PCTW&02/01484
predeterm ned accunul ated error threshold is 45. For exanple, if after
every 64-chip interval the error is 6, this error is accunulated until the
total error reaches 45. If the accunul&ted error has reached the
predeterm ned accunul ated error threshold (step 220), the rotation is
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opt i malappiopriataéd.- H‘aﬁg@c@urerforswmﬂngTmfégerc?é\aﬁwnﬂe&wnb?@ 1SFREeSsed 25 bi trary
and does not have to be strict. One can assune that L = 448 w |

(L/64) 0 =1256/8,

[0056] where 256 is the 8-bit representation of a full 360° phase, and 256/8 is the representation
of 45°. Thus, = 256*8/L can be used to compute 6 increments for the DSP. FIG. 3 illustrates
the phase increments in LSBs and the corresponding L, in PN chips, using this alternate
embodiment approach.

[0057] 1n the embodiment where the FLL and searcher share the rotator design, the knowledge
of frequency can be shared between these two blocks. During the initial acquisition, if the
scarcher signal 1s found in one of the frequency bins,i this bin center can be used to initialize the
FLL. Similarly, when performing set maintenance séarchcs, the searcher can be programmed to
search only one frequency bin corresponding to the offset value in the FLL accumulator.

[0058] FIG. 4 illustrates a plot of the probability of pilot signal detection versus the frequency
deviation of the pilot signal. This plot shows a comparison between the probability of detecting
the pilot signal using a searcher without a rotator and a searcher using the programmable rotator

of the present invention.




be an optimal L value for sone range just above +/-440 Hz and wel | bel ow
+/-800 Hz. [0055] Using this approach, we can derive phase increnentd vl Q85
to generate a value close to an appropriate L. The procedure for conputing

i nt eger Phgoaippsnenent (0) is expressed as: (L/64) U= 2 ] where
256 is the 8-bit representation of a full 360 phase, and zggff@’sfﬂg‘?‘?ﬁg
representation of 45. Thus, 0 = 256*8/L can be used to conpute O increnents
for the DSP. FIG 3 illustrates the phase increnents in LSBs and the
corresponding L, in PN chips, using thidQalternate enbodinent approach.
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the frequency bins; this bin center can be used to initialize the
Si mi | arT%2t0fhen perform ng set mai ntenance searches, the searcher can be
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pilot signal. This plot shows a conparison between r obabi

det ect i wyentiame This| ip espeicghzitrug svhey the pdaris heperienting at-400 Hzt crtmore afid Doppler
search\e/%i sing the programmable rotator of the present invention. 1 9 JUL
2005 2/ 069594 PCT/ US02/ 01484 10 [00591 Both plots assune that EcNt =

-18dB, MUEHEFIR(S alisB@tdsNChlock ama1s big ﬂé&iﬂ?ﬁfnc%grﬂ&@':EQQé‘a[r%.of the
us ep ot Is a

accunmul ations (Nn) = 6. Additionally, the rotator In-t

2-bi n, Mssent dneansion. Thedppe Rationris egmiprised Gf adtrarismitan(30d) slee maoddites had
probabiljty.of.a searcher.wthout a rotator 1) detecting the pjlot is
subst aan“ta?"l‘@ sjelbals et A air Shapnal wsing; e, a'etﬁ@mrééﬁg} 3!?16 {rABSRISE Beth s pieaal e

I nvent itetmodillated iafid @SASHIRH MO0k G : | BRG] Hz
or nore ofoa Doggl er shift. [0061]e Fiﬁgtﬁ?qls F?du@%drgﬁgiﬁgégrﬁgﬁ' Qﬁ%gﬁéﬁ]’%f a

base st°&_t1ib@na Fel _ ifpmf@@im@umh@l@_em dhepublic $witchep telephrnei meneori onanjTbthebase
Si anal Sebfork WRLEE Coflecton (ORI Tstiting (502) . The transmitter gets
Ic E) 3 pISIe g(_)?ﬂozqtﬁg %rgggﬁﬂggzlggaﬁé E"-_Fﬁ?lg&fq g{gﬁiﬁ&ﬁ ibBIe EEmBRIAREK dENRLs. IFhese
signals are coupled to the receiver (505) of the base station for demodulation and transmission to
the network. The receiver (505) comprises the searcher incorporating the FLL and programmable
rotator of the present invention.
[0063] The base station is further comprised of a base station controller (510). The controlter
(510) is responsible for control of the base station’s transmitter, receiver, and other components
not shown but are well known in the art.
[0064] In summary, the searcher of the present invention can specify an arbitrary number of |
frequency bins and perform frequency as weli as code space searching. By using a
programmable rotator, the searcher is able to find and track a signal that has a large frequency
error, such as those experiencing a Doppler effect céused by movement away from and towards

the base station.
WE CLAIM:



can be a cellular infrastructure network, the public swtched tel ephone
network, or any other network requiring connection to a wrel ess bhSejil 2005
station. The antenna al so receives ' 100621 (502) signals from nobile
communi cati on devi ces. These signals lare coupled to the receiver (505) of
t he base station for denodul ati on and transm ssion to the network. The
recei ver (505) conprises the search€LAIMSrporating the FLL and programmbl e
rotator of the present invention. [0063] The base station is further
conprised of a base station controller (510). The controller (510) is
responsi bl e for, contA gdarcer H&moaa‘ﬁleﬁﬁdiﬁ% h Signal Habipfrdquehcy desiudioner , and

ot her conponents not shown but are wellT known inthe art. [00641 In
summary, ttem seexpehted fsiquenvy, the extimd ¢omprisinigdhe staps efpeci fy an arbitrary
nunber of frequency bjns a performfre ncy as.well as code space

sear ching. By &ﬁ%ﬁ%%%ﬂ?ﬂ%&%ﬁ%@ﬁ%@ y}é%ﬁ’cher is able to find
and track a si L reguency error, such as those
experienci ng aﬂ%%tlgxr@?ézpﬁa@g?néggggﬁg y noverment away from and towards the
base station. \$Endchiirigd pHase inbckmd @brespdnsClichiphase erddrsear cher net hod for
fording a signal having a frequency deviation fraoman expected frequency,
the method consFswRHating, C?E'éﬁﬁs!“‘HFf:ncmﬁit‘i geerale ﬁ&tﬁt@ageearciher on

pr edet er m. % e ncy bins; determning a phase error in the signal;
generating a phase Increnment in response to the phase error; accunulating
t he phase i ncr efatthe fotal phaeriaérement ol atachéths predétosiged nital phast when t he
total phase increnent has reached a predeterm ned total phas I ncr enent

t hr eshol d ingsemers thieskpld, nerfasmings phaseietationdungionithatds substaphaliant i al | y

equi val ent t I e _jner nt. 2. The nethod of claim1, and
further iﬁ&f"&&feﬁtgt°t‘ﬁée?°§?‘§’§g%fmlﬁ@§1§ ‘ing the accunul ated phase increnments
after perform ng the phase rotation function. 3. The nethod of claim1,

wherein the phase rotation function is a ) i .
2 The method of claim 1, and further including the step of resetting the

accumulated phase increments after performing the phase rotation function.

3. The method of claim 1, wherein the phase rotation function is a
Quadrature Phase Shift Keying function.

4, The method of claim 1, wherein the phase rotation function is an 8-
Phase Shift Keying function.
5. The method of claim 1, wherein the total phase increment threshold is

substantially equivalent to 7/4 radians.

6. The method of claim 1, wherein the total phase increment threshold is

substantially equivalent to n/2 radians.

7. A wireless communication de:vicej for finding a signal having a

frequency deviation from an expected frequency, the device comprising:
means for initialising the searcher on predetermined frequency bins;
means for determining a phase error in the signal;

means for generating a phase increment in response to the phase error;




Quadrature Phase Shift Keying function. 4. The nethod of claim1, wherein
the phase rotation function is an 8- Phase Shift Keying function. 3.9 Jhe2005
met hod of claim 1, wherein the total phase increnent threshold is
substantially equivalent to n/4 radiahgd. 6. The nethod of claimi1, wherein
the total phase increnment threshold is substantially equivalent to n/2
radians. 7. A Yicafd R acAPNIIMMChE pRikedBitements & gdrneflé Atotal sHagal having a
frequency deviation froman expected frequency, the device conprising:
means for incrdméngddndi ng t he searcher on predeternined frequency bins; means

P R T S R e T
accunul at id‘lﬂe?&&l fick n@%@ﬁ?hé@tﬂ?ﬂ%@?ﬁ&exﬁeﬁt%@}ea@ﬂ&ﬁ@ i ncrement; and

means for performng a phase rotation Tunction that 1s substantially

equi val enpredewrrhined tathlophaphmsemeant theeshiold. when t he total phase increnment has
reached a predeterm ned total phase increnent threshold. 8. The device of
claim7, further conprising nmeans for resetting the accunul ated phase

| ncrements aftgr pe‘[%%@@i@é’o%%lﬁitrﬁ??)ﬁﬁ@hép a?ﬁc}lrﬁl ggé‘aﬁ&fg es«?ctin%t}ghde“ ce of

claim7, wherein the phase rota unc n ratur ase Shift

Keyi ng f upgdunfulated Phasé ecrelagmts eftef peefoaning the plse estatiéhfunptiase rot ati on
function is an 8- Phase Shift Keying function. 11. The device of claim?7,
wherein the total phase increnment threshold is substantially equivalent to

Thrcshol a s Subst JhERRIES oBbiaf 1) WhroindBEpEisP rhfifiod RBlioRfyape ' nerement
Quadrature Phase Shift Keying function.

10.  The device of claim 7, wherein the phase rotation function is an 8-
Phase Shift Keying function.

11.  The device of claim 7, wherein the total phase increment threshold is

substantially equivalent to n/4 radians.

12.  The device of claim 7, wherein the total phase increment threshold is

substantially equivalent to n/2 radians.






