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-20M&0O7 -1- A METHOD AND SYSTEM FOR FREQUENCY OFFSET ESTI MATION FI ELD OF
THE I NVENTION 5 The present invention relates to a nmethod and system for
est i mat i NGumbddSumlnl@ldeMBrmdl EAURRNGCY.»f f Set between a Base Station Transmtter
and Mobile Station Receiver for a wreless conmunications system and in
particular, for a Wdeband Code Division Miltiple Access ("WCDMA") radio

t el econmuni cations system 10 BACKGROUND OF THE INVENTION In a radio

comuni cations system signals are typically transmtted fromthe fixed

| ocation of a Base Station ("BS") (suCH as a radio transm ssion tower) and
travel towards a noveable Mbile Station Receiver (" I\/BR) (such as a nobile
phone) via many different 15 physical paths. The sign recei ved by the MSR
will rarely béMBETEQHRAND SKNSTEMEFORFREQUENQY @FFgEWéESTIMAEIﬁ)Nt ed signal,
due to influences fromthe physical environnent during propagation. Al ong
each propagation path, the signal nmay be subjected to interference from

backgr oungImoDF THH INVENQMION f obj ects in the physical environnent, signal
attenuation due to the distance of the path between the BS and the MSR, or
be subjected to 20 frequency variations due to the relative notion between

the MBR and t henBprebdnt Gnvenfsh! |rélét@s9to Ern@Ei'Rth&dDB@{éh? for'-:écsflﬁﬁhﬂ% tH3YretafiQe t i M
the transmitted signal is received by the MSR, 't he %Qals rom each of the

di fferent frpwpeagaffmrbepmengu Base Staéon Bransmitier pud ddpbiliet tspruRﬁcfeé\feérf@r aphase

del 25 1 I
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them in aMubipde Aﬁtessr'ahm&:rDMﬁoyradenalﬁmrﬁnumcatmamsystdm ed signal Whl chis
received by the MSR via two different propagation paths should be conbi ned
in phase to achieve the best reception results. If those two signals were

recei ygd BRECKOROUSH P THICINGRNTIORNt | - phase (or 180 in phase apart) then
30 those two signals wll cancel each other out, which thus |eads to | oss of

information or performance. Therefore, it is necessary to estimte the

Go. 1 o Eavaead VIS5 A, SR AORpI PR hmies tob BREREL .,

any phaselodatidnesferiBes SheiongEBs ") Kmshaas 2 cdio/eghssiigval tewhs hind Eavel towa.rds a
moveable Mobile Station Receiver ("MSR") (such as a mobile phone) via many different

15 physical paths. The signal received by the MSR will rarely be in exactly the same form as

the original transmitted signal, due to influences from the physical environment during
propagation. Along each propagation path, the signal may be subjected to interference

from background noise, reflection off objects in the physical environment, signal

attenuation due to the distance of the path between the BS and the MSR, or be subjected to

20 frequency variations due to the relative motion between the MSR and the BS (i.e. resulting

from the Doppler Effect). By the time the transmitted signal is received by the MSR, the

signals from each of the different propagation paths may each be attributed with a different

phase delay.

25 In order to improve the reception capability of the MSR, it is desirable to receive
signals from different propagation paths and combine them in a coherent manner. For
example, a transmitted signal which is received by the MSR via two different propagation
paths should be combined in phase to achieve the best reception results. If those two
signals were received and combined by the MSR in anti-phase (or 180° in phase apart) then

30 those two signals will cancel each other out, which thus leads to loss of information or

performance. Therefore, it is necessary to estimate the phase of each received signal from



conbi ning the individual paths. Sone systens (such as 3GPP UTRA- FDD syst ens)
use a pilot channel, which is a 5 continuous nodul ation of a known bit
sequence in the transmtted signal. Using the pilot channel, it is possible
t 0o esti matRudhA8wmphase.ofdi-fherentnsb gnal s recei ved corresponding to

di fferent propagation paths before conbining themtogether. As a by-product
to nmeasuring the phase of pilot synbols received by a coherent MSR
receiver, it nmay also be possible to estinate the relative frequency offset
that exists between the BS and MSR 10 .,The clocks in the BS and MSR are not
synchroni zed, thus creating a frequency ~ of fset between the generated
frequencies in the BS and MSR. It is desirable for the MSR to estimate, and
conpensate for, this frequency offset since w thout such correction,

degr adat i eashopath raadspeyrast ay | Phase slifferengss Remvesnatost treqehved\Vainals (is&pt i on

perfornan&gnnggt&gnhgﬁﬂﬂj used to estimte the frequency offset involves
applying an i nvérse tange function on the denodul ated pil ot synbols and

its conplex conjugate. This technique requires division, which is conpl ex

to inplenent. so, the output i rse tangent . ncti;on.can only be
calculated to Q%B?Sf%ﬁﬁi@% Ef6§ﬁﬁg¢ﬁ§A+§§55¥§?B§f§§aé?m{ég?ﬂ%’Vgﬁﬁé%? whi ch
i nevi t abl Yontiagsust BodulatR¥nl dTTaSkr@ivni BiPde@Gért ONthe AfAnkrhitied stb@si. résing eheppilovi de an
i mproved processing nethod and sKsten1f r,g;tinating thg frequency of f set

bet ween t #hanpsd WAyPISRle Greshigagtthe ahnse o%ﬁg e SIgNHS dFC5IVed|CPBFIPRPAIPE B0 t he

prior art diféén%%ﬁogﬁ?ﬁbﬁefb%%km Fog tege%ﬁ&.nhsiawba&@to%gysig%@ a

nmet hod for esti g requency offset between a reéceiver and
t ransmi t t g pheseef pibtychbiohsokcrdy adgpytaehereepSISBf recqivdy, it ouwialdorhy resfiblede si gnal

2 17 cquenEy e Tt M edE e St AR et KERSITUER . Wibomevrenpanty
I nl Libl est Conrl IESKYQBAKLVZ; 12215270 sped #3dx-2UMs+C3 -3 frequency factor
to generate a 'IS‘}?nglggkssiingt?lg ll?;S and MSR are not synchronized, thus creating a frequency
offset between the generated frequencies in the BS and MSR. It is desirable for the MSR
to estimate, and compensate for, this frequency offset since without such correction,
degradation of the signal will result and thus affect the MSR's reception performance. One
15 technmique used to estimate the frequency offset involves applying an inverse tangent
function on the demodulated pilot symbols and its complex conjugate. This technique
requires division, which is complex to implement. Also, the output of the inverse tangent
function can only be calculated to approximation (by using Taylor series or lookup tables)
which inevitably results in errors or imprecision.
20
It is desired to provide an improved processing method and system for estimating

the frequency offset between the BS and MSR, or to at least provide a useful alternative to
the prior art.

25 SUMMARY OF THE INVENTION

The present invention provides a method for estimating a frequency offset between
a receiver and a transmitter, the method inciuding the steps of:
(a) receiving a first signal from said transmitter and demodulating said first
30 signal;

(b)  performing a frequency shift on said first signal by a predetermined



(c) filtering each of said first and second signals; (d) determ ning the
power of each of said filtered first and second signals; (e) determ ning an
upper corner frequency value of said first signal using the 5 determ ned
power oOf Sab@sdubdhi-@fdefidskaand-saaend signals; (f) determining a | ower
corner frequency value of said first signal using the determ ned power of
said filtered first and second signals; and (g) determ ning a frequency

of fset based on said upper corner frequency value and said |ower corner
frequency value. 10 Preferably, step ( i ncl udes: perform ng a conparison
of the power of said filtered first signal with the power of said filtered
second signal, and if said conparison indicates that a first predeterm ned
condition is not satisfied, perfornming a first adjustnment of said frequency
fact or andreaegpentacty te gayssatg pyecond signal; preferably, if said conparison

i ndi cates that 15 t g ] Ltion is satisfied, the nethod
i ncl udes perfogcé'i ngﬁgm{sﬂgc%{:]}agfSggﬁrg{dr?g%?&gggggih%’ frequency factor.
Preferably, thé&d)compaensning theglondesf deh ef saichfilgyed fitse ambsecottbsignler of sai d

filtered second . signal i.s. less than th ower of said.filtered firs si gnal
nul tiplied by ge)pr e@%‘?’@?‘i‘r‘f’%@ﬂ 2By r RS gfﬁé%f‘%y Ovlaiuerilesfa c{r gﬁ? y‘,gg@huesn}% t&lgt
adj ust reNYefmins@pslvdriof gue moret Tedt@hd SO bigess;i ncr easi ng sai d frequency

factor. Preferably, the second 20 adjustnent includes, subtracting a
predefined conflol desermiring @ lopepRommel HeqUeRELENES of gaidofrst sigpdrusignily ¢ he

met hod fu&%tg%ipﬁlﬁéggg%Sﬁgrﬁﬁtg{egiﬁggﬁgﬁg};@_g{g@g aAf the control factor, X,

wth a pre accuracy level, ereinh 1f the conparison indicates
that a second (g@r edddteminingd foqgneticyioffseti asetben sad uppdredmes diequenicy galue

adj ustnment_is .(werfor msd.f Prefer aEI y, the first adjustnent includes

assi gni ng & OVaT GG S|S0 d control value, and adding the 25 new
controjg factor to said frequency factor before repeating steps (b) to (d).

Preferably, the conparison of the control factor Wlo}rg_\ t he Ergde(aﬁ; m ned
accuracy | eveFrafgablypiesehinsiydsy; priorming a copginsog of $epysyes Jetad g
| nteger g'ﬁ?&ts%'}laltxbﬁ‘ﬂt%eé@ver 39 5418 &itefe@RbYond SIgRRI, Ghd il dIetRSparionn RARStes
filtering eachi of sai irst and second signals. Preferably, ste? f)
i ncl udes: tiperffustriradgtamimdpaniision ivfott fdsfipdwperfasmingp dirstjadjustmesgt of said

?I \?/’V 3'\)29‘2/\8 Ly I ng}%%to*}%% er'égérl%cs?e%'sf%)]m &. 151%%%,\{?1‘&@ Gorh$ai50n FRMates that

15 the first predetermined condition is satisfied, the method includes performing a second
adjustment of said frequency factor. Preferably, the comparison includes determining
whether the power of said filtered second signal is less than the power of said filtered first
signal multiplied by a predetermined correction factor. Preferably, the first adjustment of
said frequency factor comprises increasing said frequency factor. Preferably, the second

20 adjustment includes subtracting a predefined control factor, X, from said frequency factor.
Preferably, the method further includes performing a comparison of the control factor, X,
with a predetermined accuracy level, wherein if the comparison indicates that a second
predetermined condition is not satisfied, said first adjustment is performed. Preferably, the
first adjustment includes assigning a new value of X/2 to said control value, and adding the

25 new control factor to said frequency factor before repeating steps (b) to (d).

Preferably, the comparison of the control factor with the predetermined accuracy

level is represented by X'= 2" where a is a predetermined integer greater than zero.

30 Preferably, step ¢) includes low pass filtering each of said first and second signals.

Preferably, step f) includes: performing a comparison of the power of said filtered



first signal with the power of said filtered second signal, and if said
conparison indicates that a first predeterm ned condition is not satisfied,
performng a first adjustnent of said frequency factor and repeating steps
(b) to (dYuwtl&leLaklVaridasal-d.comRari son indicates that the first
predeterm ned condition is satisfied, the nethod includes performng a
second 5 adjustnent of said frequency factor. Preferably, the conparison

i ncl udes determ ning whether the power of said filtered second signal is

| ess than the power of said filtered first signal multiplied by a
predeterm ned correction factor. Pref ertabl y, the first adjustnent of said
frequency factor conprises decreasing said frequency factor. Preferably,
said second adjustnent includes adding a predefined control factor, X, to
sai d freqlisheignilaeitiothe phoePpifaid SBknpd sedond wignWodnd Urseidetompasbedadicg®s f or mi ng

a conpari sQ the, contrql f or, X _.wth e 1 | evel
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relates to a systemfor estimating a frequency offset between a receiver

and a trawbethetttbe powereofspish Bierddesereons vignahis less thay the pavehef saist filérred fesscr i bed
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i ncl udi ngsaid fregimos fictor doameisasi degreasihg sad fiehgmal fhatenPedérablys sand sécbhdr and

denodul at i said first signal; b) neans.for perfor.m a fr enc
shift on %‘ggﬁﬁmﬁ“r §1°L§1ie§ ﬁ&ﬁmgya é?redﬁzﬁg’é‘?ﬂi)ef‘é‘?t’ﬁﬂl n%ﬁwT’r’g‘qEPeﬁ@? f}g%{ﬂg?y ﬁ%’% en)ér ate
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signals; d) neans for determ ning the power of each of said filtered first
and secondithsi ped¢termingfiagorasy leyicbcukesen thiwreompsriseieindiceiesithy) aipiserd and
| ower cor . val. ' | L ohal UsiNgy Phgedpieidi ned
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first adjustment includes assigning a new value of X/2 to said control value, and
subtracting the new control factor from said frequency factor before repeating steps (b) to

15 ().

In another aspect, the invention relates to a system for estimating a frequency offset
between a receiver and a transmitter, the system having means to perform the method

described above.

20
In another aspect, the present invention provides a system for estimating a
frequency offset between a receiver and a transmitter, including:
a) means for receiving a first signal from said transmitter and demodulating
said first signal,
25 b} means for performing a frequency shift on said first signal by a
predetermined frequency factor to generate a second signal;
c) filter means for filtering each of said first and second signals;
d) means for determining the power of each of said filtered first and second
signals; and
30 e} processor means for determining upper and lower comner frequency values

of said first signal using the determined power of said filtered first and second signals and
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for determning a frequency offset based on said determ ned upper and | ower
corner frequency values. Preferably, the receiver is a rake receiver.

Pr ef er abl Yynoluhi@udk @k Q@b M sh.S:xRased in 5 a nobile station. Preferably,
the transmtter is a base station transmtter. In another aspect, the
invention relates to a frequency offset estimtion nodule of a rake
receiver of a nobile station, conprising the system descri bed above. 10 In
anot her aspect, the invention relates to a nobile station having a frequency
of fset estinmation nodule conprising the system descri bed above. Preferably,
the systemof the nobile station conprises neans for perform ng the nethod
descri bed above. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 Preferred enbodi nent s
of the pr&¥edrterminiagtd Haquaney rébel based op ik defepaiged Bppetagnd bvexemite only,
W th refepg&&&_%g ahdle acconpanying draw ngs, wherein: Figure 1 is a block

di agram o onponents of a Rake Receiver; Figure 2 is a bl ock diagram of
the conponents of a Rake Finger of the Rake 20 Receiver shown in Figure 1

Figure 3(a) is,a h,of the power spectral .densi "PSD') of, denodul at ed
bi ot synbol SPRAEHIE B sshig: DA MHheR Ay HSRPULL e re et Hba g aph. of
the powver asfbilk satiod PaseiaylydihedaiBflineris adag satfonsiuifiaiter. 1 n the presence of
frequency offset; 25 Figure 4 is a block diagramof a Rake Finger including

a Frequency O f set Estlnatlon Bl ock; Figure 5 is a graph illustrating a
shift in the pawey ﬁﬁpteEta%heqﬁv%hBﬁ’ tesItB% fr &R?%f@&@é!niﬂah&ﬁ moyfie@kg due to
conpl ex rotatlon e b I's a diagram conpafatively illustrating the

power of fake repeiur oiﬁ mobids statBh, vertprisimptheststeoudescobgel abeve.ot at i on;
C. 9N NDOWSSTenpor mv | nrernel Fi ksl Com t FEAYQGAKLVZg2z! sr TDsped 07 d- 21 10&N7
6

10 In another aspect, the invention relates to a mobile station having a frequency offset
estimation module comprising the system described above. Preferably, the system of the

mobile station comprises means for performing the method described above.

BRIEF DESCRIPTION OF THE DRAWINGS
15
Preferred embodiments of the present invention are hereinafter described, by way
of example only, with reference to the accompanying drawings, wherein:
Figure 1 is a block diagram of the components of a Rake Receiver;
Figure 2 is a block diagram of the components of a Rake Finger of the Rake
20 Receiver shown in Figure 1;
Figure 3(a) is a graph of the power spectral density ("PSD") of demodulated pilot
symbols in the absence of frequency offset;
Figure 3(b) is a graph of the power spectral density of demodulated pilot symbols
in the presence of frequency offset;
25 Figure 4 is a block diagram of a Rake Finger including a Frequency Offset
Estimation Block;
Figure 5 is a graph illustrating a shift in the power spectral density of the
demodulated pilot symbols due to complex rotation;
Figure 6(a) is a diagram comparatively illustrating the power of filtered outputs,

30 with and without complex rotation;



Figure 6(b) is a diagramconparatively illustrating the power of filtered
outputs wth and without conplex rotation; Figure 7 is a process flow

di agram of a binary search to determ ne the upper corner frequency val ue;
and 5 Fi guRowSmbSn-arnfhQeassxh:Lomndixagr am of a binary search to determ ne the
| ower corner frequency val ue. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS 10 Code Division Miultiple Access ("CDVA'") systens are spread
spectrum systens that enploy radio channels with a nmuch | arger bandw dth
(for exanple, 1.5 MHz for 1S-95 systeK% and 5.0 MHz for 3GPP UTRA- FDD
systens) than conventional Frequency dul ated ("FM') systens, which
typically use around 25 kHz per channel. In CDMA systens, a single radio
channel can si rmltaneously support nultiple users, as opposed to 15 FM
systenms, whi ch Figgre o0f) ys aingspm cewealiagéfrly pystrating Hlecmfmﬁéqf filjegedy pefaptst o

di fferent ed for different recipients transmtted
'“% fli’lgﬁﬁfﬁh%”eﬁrﬂiaﬁﬂﬁ

over a share in a CDVA system each user is assigned a unique
pseudo r andonF rg@dae? (scarprbct?ass floe didgrantof a binarypearch samdétefongrtbieiuppersmmeence

such as a_,.stream bits to be transnmitted to a particular user (such as,
an MSR ha&ﬁeﬂ'&nﬁyﬁfﬁ}‘? |38€|I ar PN Code associated with the intended recipient)

typi calsly i nvoFisage 8nslal proéest NEwe Fm@bfabrne@ssemhe(ddeteimlhmlesmmn@aannel
with the intended recipient's PN The PN Code is a stream of chips
wher e eacﬁ’e%‘ieﬁlcbffaitl?\e i nformation sequence bel ongs to SF chips of the PN
code. SF is ternmed as the Spreading Factor. This technique is known as
nodul ation, and is one of 25 many ways of transmtting a signal intended for
one user BDEFAILEINBESCRIRIAON OF THEE PREFFERREP EMBONMEMNSal | users of the
shared channel but can only be successfully decoded by the MSR containing
the intended recipient's PN Code. Typically, for 3GPP UTRA- FDD systens, the

SE maylor ange f Code Eutlﬂ?mzultlpleImessq"CDMﬁ')@%ﬂe:nsmfd @Tar:]daia@eamSﬁ s9$temd 28,
that means a maxi num of 128 users can share a, si geca t system
30 O . WHRAMERpAY k3ie sharae! smtesa\whﬂare% bapdyidth (s posio o Q%L% @Es%
5. fAf gf'rsgnt F&;&Eegﬂaﬁnd( RQYhEHY G0 B GRPPETRIACHDE syitis) Sthitl cge%nbﬁal abeguen@y
Modulated ("FM") systems, which typically use around 25 kHz per channel. In CDMA
systems, a single radio channel can simultaneously support multiple users, as opposed to

15 FM systems, which can only support one user per radio channel.

In order to differentiate information intended for different recipients transmitted
over a shared radio channel in a CDMA system, each user is assigned a unique pseudo
random code (or "PN Code™). For example, an information sequence such as a stream of

20  Dbits to be transmitted to a particular user (such as, an MSR having a particular PN Code
associated with the intended recipient) typically involves multiplying each bit transmitted
on the shared channel with the intended recipient’s PN Code. The PN Code is a stream of
chips where each bit of the information sequence belongs to SF chips of the PN code. SF
is termed as the Spreading Factor. This technique is known as modulation, and is one of

25 many ways of transmitting a signal intended for one user over a shared channel. The
signal is received by all users of the shared channel but can only be successfully decoded
by the MSR containing the intended recipient’s PN Code. Typically, for 3GPP UTRA-
FDD systems, the SF may range from 4 to 512 inclusive. If a CDMA system has a SF of
128, that means a maximum of 128 users can share a single channel in that system.

30



i nformation sequences in the signal received that are intended for that
particular MSR from other information sequences intended for other users on
the shared channel. Bits in the original transmtted information sequence
ar e ext r actveehsto Rd hgumsivghal: Py Gommel ati ng the 5 PN Code with the signal
received by the MSR This process of correlation is known as denodul ati on
or de-scranbling. For CDVA systens to work properly, the follow ng nust
occur: the signals sent by the BS and the signals received by the MSR nust

be time-aligned; the auto-correlation 10 properties of the PN Codes are
preferably high; and the cross-correl ation properties of the PN Codes are
preferably near ideal (i.e. nearly zero) As such, CDMA systens (such as

| S-95 or 3GPP UTRA- FDD systens na¥ enp oy a pllot signal to nmintain the
integrity of tHeMFothet bésdopicigs o Wérfﬁfi lapisegisghCore l%abi%t%élﬁgerwwb.t

sequence Gih@bmiiRnRgithadGh 1S %}ﬁi éc&b&ﬂtﬁéﬂ a?@glté?ﬁ@c!‘ﬁﬁ thed BQ&%IQP%I( f6mPN
Code) which Is specific to th particular BS. Both the pilot signal bit

sequence amﬂt!:r nmfenmonesqv@ng@emtemrd fcuythmchmratondhe slared phanoelst Bits irf the a

partlcular The pi. |l ot .sigpa ns th BS as
bart of ¢ nerpL el ablemefitet sl i e TP by Shrhohe e S 3
schemats c BN Cudd withithe sighal deddaled HeheiMSR. Thisi procede of berrdiiiRin istkinohm das a
plurality of ke Fin ers , 13 and 14. These Rake Fingers are shown for
i || ust r at idEOPHAEILE eﬁﬁf f& may be enployed. In practice, the MSR may
receive a pl ural ity of signals since the original transmtted signal from
the BS may travel to the MSR 25 via different physical routes, since the
signal may be Fef C@M@dymS wmk@b]pedr sheifelloweng mvss pegyut the signale sens byt he

recei ved LAPHS SHINELichhy (BURMD 1850e MBI B BinASLACHE duic B O

many nul tipath Si gna irgnal ™ i's t su’ m o st gnal s that

have 1the ps@@mick Ioﬁ'ﬁlele &y&d&:m& Ipﬁésfﬁlaﬂ:ly hiph edd\te RrdsbeoBSaandpivbittiesat the

mul ti path har act ed by this unique time delay. The received input
signal 11 Ph\éc 2Fe Pl eff’@ YW’&F@&&@&F h?hzeé‘?)ong a plurality of processing
paths 1, 2 and 3 to carry the received input signal 11 to each Rake Fi nger
12, 13 and 14 in the MSR Each Rake Fi ngsir 12, 13 and 14 C. " W NDOWSSTCnponn
|-nmi FuevCow' nsf suvige ARMEZ 19ystems Averhs s FX3S o AGRN GBTRA-FDD systems) may

employ a pilot signal to maintain the integrity of the above conditions. The pilot signal is a
15 constant bit sequence that is modulated using a predefined pseudo random code (or PN
Code) which is specific to that particular BS. Both the pilot signal bit sequence and the PN
Code used for its modulation remain constant for a particular BS. The pilot signal is
modulated and transmitted by the BS as part of the transmitted signal over the shared
channel.
20
Figure 1 is a schematic illustration of a Rake Receiver 10 inside the MSR, which
has a plurality of Rake Fingers 12, 13 and 14. These Rake Fingers are shown for
illustrative purposes but more may be employed. In practice, the MSR may receive a
plurality of signals since the original transmitted signal from the BS may travel to the MSR
25 wvia different physical routes, since the signal may be reflected off many objects during
propagation. Hence, the received input signal 11 (shown as "i/p"} can be considered as the
sum of many multipath signals. Each multipath signal is the sum of all signals that have
the same time delay in travelling between the BS and MSR. Each multipath is
characterised by this unique time delay. The received input signal 11 is split 16 for
30 propagation along a plurality of processing paths 1, 2 and 3 to carry the received input
signal 11 to each Rake Finger 12, 13 and 14 in the MSR. Each Rake Finger 12, 13 and 14



is assigned to denodul ate one nultipath fromthe received input signal 11.
The output of each Rake Finger 12, 13 and 14 is then respectively passed
along different processing paths 4, 5 and 6, all of which are inputs to the
Conmbi ner d&povsFaes ko Biiefedbnt-hen«x@enbi nes (i.e. superinposes) the

denodul ated out puts from each of the Rake Fingers 12, 5 13 and 14 and sends
t he conbi ned output signal 17 (shown as "o/p") to other parts of the MR
for further processing. Figure 2 schematically illustrates the conponents
inside a single Rake Finger 12 as showp in Figure 1. The internal
conponents of the Rake Finger 12, shown in Figure 2, are 10 the sane for al
Rake Fingers (e.g. 12, 13 and 14) in the Rake Recelver 10. The Rake Fi nger

12 receives an input sign 11 froma processin recei ved i nput
signal 1 aéBE%qutPéieBPd&ra@fqriedn@F%'élf@m(%ﬁl‘%oﬁ“’ﬁiig“FE’it F@néo]rlre oMaPH Gitt o data
symbol s) apf @ikeOtings BN ASaddMY §hirRR ‘?eslﬁbétﬁfeﬁfoejé sgépgz@ﬁg Qﬂffér@ntplbxb@éssﬁg nbol s) .

The Rake Finger 12 |ncI udes a Pilot ner at o whi ch geneéerat es

the pr edeﬁ%thteé Pm@oﬁ@llr @hwhmédarff anputshigt the qmahingrcld. aﬂhB§0FId?mQ!e]r§oﬁEn ating
pilot sy ff| e C{H ar
uni que t rn‘g Iimslii}lglg n?jgrse rm%gﬂ%aﬁglztga gg@gtsb nslglg‘%i Sﬁ%ggla?%?ﬁ?e {‘Spfé.ﬂl’ ticular

user. 'fhelRaﬂ@lfaﬁtgﬁndiﬂleadoa(mmﬂdmpie&gaalﬂi?l (GhovGory &/pt)as otidr pats of theaf fi c
Correl ato ch respectively correlates the pilot and traffic PN Codes
gener at ed Bt Poressii€code Generator 21 and Traffic PN Code Generat or
22 respecti veI y vv| th the 20 recei ved input signal 11. The Pilot Correl ator
23 out puts denodul ated pil ot nbols 18 to the Phase Correction Unit 25.
Simlarly, theFignesf¥ scber@@tnqaay@l ustrates thg wopmerengeinpide k aingls Rakedfinges 13ywbol s to

L he_ Phase r s ﬁ%ﬂeélﬂgl Url”hé d&?mal%%&g?ﬂémﬁe{gf t%j ]t{hlgb?ﬁh 6:1‘(19r,5 eh%kﬁqnl? 23R%e

"chlps") received 1 nput in order to
denodubat ¢he came dut p)hhﬁ{akblFﬁngaar(m%sp@nm agd i14) a thatReks \Rebever2l0.offTha Rpkd: ot

nbol 18 t h 25 | th For st ,
ShaC Bl | o Fledsr T e Pt pparognal L @ alomc SRk Dol | TR Tebsigt o SR Tra

Traffic Opr cehsdtObf 2AfR SERNAPNNicHS8S bis @@:rrés«pb@dm o ldeadiymbeis) «hd phlot 16, 32,
64, 128, 256 or 512. Due to the differing éSIca | engt h of the propagatlon

path for sigedls fhich peetbits mspogémaﬂg@ﬂphém uekheyRajef %légerc&?eme’& the
by he t | B E OBl R, e PR Y Ao et o e el &)
C , ! WIBOwhtidulpo B farodamedduFatine spilco rayebpls| Ethﬁ’(TrAfflsVZNlZ@d@Z?@traapea 41 d
201W 3 generates a particular unique traffic PN Code for demodulating data bits intended for a
particular user. The Rake Finger 12 also includes a Pilot Correlator 23 and a Traffic
Correlator 24, which respectively correlates the pilot and traffic PN Codes generated by
the Pilot PN Code Generator 21 and Traffic PN Code Generator 22 respectively with the
20 received input signal 11. The Pilot Correlator 23 outputs demodulated pilot symbols 18 to
the Phase Correction Unit 25. Similarly, the Traffic Correlator 24 outputs demodulated
traffic symbols to the Phase Correction Unit 25. The number of inputs (or also known as
"chips™) from the received input signal 11 that are used in order to demodulate one output
bit corresponding to a data symbol 27 or a pilot symbol 18 is known as the correlation
25 length. For 3GPP UTRA-FDD systems, the Pilot Correlator 23 preferably uses a
correlation length of 256. The Traffic Correlator 24 preferably uses a correlation length of

4,8,16,32,64, 128,256 or 512.

Due to the differing physical length of the propagation path for each multipath, and
30 also the frequency offset due to the Doppler effect, the traffic symbols undergo phase
rotation (or phase delay) by the time they reach the MSR. The phase of the signal received



-9 11 is corrected by the Phase Correction Unit 25. The Phase Correction
Unit determ nes the phase delay for the current portion of the received

i nput signal using denodul ated pilot synbols fromthe Pilot Correlator 23,
and accor divighkieahfethsvany-phase-gel ay in the current portion of the
denodul ated traffic synbols fromthe Traffic Correlator 24. 5 To achi eve
optimal performance in a WCDVA system it is inportant that the chip
period (Tc) for each chip in a pilot or traffic PN Code are naintained the
sanme between the BS and MSR (i.e. they,are kept tine aligned). Failure to
do so results in poorer accuracy for &%ternlnlng each of the chips
transmtted on the shared channel, since 10 the timng of each chip begins

to drift (or overla w t h adj acent _chips _in ecei.ve signal 11
The Timin %@r@sﬁqtir%%ﬂthedhaéw%ﬂ%@oe&ﬁwé& sljhffﬁ a%ﬂ.‘fﬁf%?@“@% 8&63@ ieqaines BFors 21
22 and helps JMBiy %ﬁ'ﬂﬂ: &I}Fenﬁ b%oﬁ"o‘f@l%@&w&ﬂﬂﬁﬁ? Fﬁﬁ%sﬁ@d&mn%@ﬁ gy 21 22

and the recelved ignal 11. Since the clocks'in the BS and MSR are not
synchr oni swdbola flfoneweﬂdgt Géridasor 2heangeangondingly rc@m;émﬁt)egh@er@lm adthen BS

and MSR may_aris o ff 1 0 makes it
more difff° ritpf'glogé)g C{A Bu%te érramcnémbbotsrﬁomglul at '@Eﬁ@z’i pilot or a

particwlar trafflc PN Code, These factors degrade the overal |l performnce of
the MSR % t herefore nece sary to e iﬁﬁ%ﬁ the fre uenCé ob%se in the
BS and I\/SR and To iR OPRA RRBTRERGeriAra St CH RIS REr & N BRSERTISS Mol vos

using thecgg hz(tﬁdfo?léaa{ chipYiibPpfot 8r GafficnPrECidieart asiHANRY RE fanb
bet ween the BS an An exanpl e of a frequenCégfffset estimation

met hod i sbﬁtweﬁﬂsttheaBéchndsMﬁBl (i-ovibey apslkaptdimenaisnedle Bulure hdprispgesiligial s with
a carrier I}(Er%lq SI g¥1 t{&%}(ﬁ?ﬂﬂ%@é&ﬁ@%{ he cﬁl‘br 1 65minBE SH IR ghg.%d ch%g%@ﬁl ckeceives

only one Blrec there are no ected’signal s or
mul t I piaX hshe, tirding of bath chipebelyfRto mﬂhmtlolvgrlup)whthaadjaebmtchlps nstheeebeo:fed\mpun 25

relation to t , .and that_ B is_the en t ecei v al and
the dir ecF'igBﬂqgf %ﬁf@wgrﬂng&‘ronfrﬂéc ff‘?‘??éfeffé?&%a‘ga §ﬂéﬁ gWﬁaFOfﬁZL39 j ust
one fr equaﬁwelgﬁm i‘ﬁfh%mhe iU BAME A bebRednBRE ESR MR ass 1C22Hhl th rectived shi f t
in frequency, known as the Doppler Shift which is attributed to the

rel ative ﬁﬁV@rﬂéntSIB@‘t theetrckh in s BhanqVBRR amaopsypishwnisedig frequepey offset gi ven
by Equati @yken the frequencies generated in BS and MSR may arise. A frequency offset in the

15 BS and MSR also makes it more difficult to accurately determine bits modulated with the

pilot or a particular traffic PN Code. These factors degrade the overall performance of the
MSR. It is therefore necessary to estimate the frequency offset in the BS and MSR and
correct it. The estimation method herein described involves using the demodulated pilot
symbols to estimate the frequency offset between the BS and MSR.

20

An example of a frequency offset estimation method is illustrated as follows.

Assume that the BS transmits signals with a carrier frequency of fc Hertz ("Hz"). Further
assume that the MSR receives only one direct signal from the BS (i.e. there are no
reflected signals or multipaths), and that the MSR is moving with a relative speed of v in

25 relation to the BS, and that # is the angle between the received signal and the direction of
movement of the MSR. The received signa! will have just one frequency component,
which can be represented as f- + fy Hz. The shift in frequency, f, is known as the Doppler
Shift which is attributed to the relative movement between the BS and MSR. The Doppler
Shift, fz, is given by Equation 1:

30

Jfa=Jp cost Equation 1



30 fd=JD cosOEquation 1 C. ) WLNDOAS\ Tnp.,ra,v Incc tFd CoJ

t | EAYQBAKLVZL221327+1 spe[i M. doc-20,'3M3 -10- fD = (v/c) fc Equation 1A
where v is the speed of the MSR, and ¢ is the speed of |ight. The nmaxi num
val ue of tepowstegeRetied:-pysfDrrogeuraewhen the angle 0 = 0, and is given by
Equation IA. 5 In practice, the signal received by the MSR conprises of many
reflections and can be grouped into nmultiple multipaths. Each nultipath is
conposed of nmany signals. The many signals that nmake up a nmultipath have
different angles of arrival (0) at the,ySR Typically, 0 may vary between
180 to -180. As per Equation 1, the Power Spectral 10 Density ("PSD') of a
particular multipath of the recelved signal is therefore band-limted

bet ween the two corner frequenci.es, + fDand fc - fD, representing the
two extremes of the Doppl er Shﬁ?t(%fﬁgct on the carrier si&h&?ﬁo?ﬂgs
phenonenon is called the Doppler spread of the multipath. 15 Each Rake
Finger 12, 13 and 14 in the Rake Receiver 10 denpdul ates a particul ar

mul ti pat hvdiewnals the seeedtof sher MERclend Aat the gpeessedi light| Shenmaximam aliegi ks
recelved A the Pilot Correl ator
in Rakg%ﬁig’%gé’ﬁ@?“‘ﬁg"‘%%?‘ﬁ%g ?eq%eaﬁgllgégéﬂﬁ%%ﬁﬁl t he denodul at ed
p| I ot synbols are given by Equations 1B and 1C 20 256.fD.Tc (where cosO =
0) Equation 1B, - 256. wher e, C Equat i.on 1C re T is the
ohi b peri od anti PRARS: HesiatrerIAt & AT GbmBises oh gty orfaBets sy I
the 25 Pt @touped b &tiipld Paulfishal | KHah Inkilfi Stk @sesMifoséd16f BR8N SizhslsWTREe t he
MSR is travelling away fromthe BS and also is achl evi ng the maxi num Doppl er

Shift in PRay ﬁtﬁlﬁk‘sltb@ Halkkeeun popnlfipat) havdidiereah angles P%ﬁ‘iﬂé@]e@sat tieMSFposi t e
i mum DA ar e BrkEAL e OSBRI ek TR Bl B Reso e
di ff erl@nc@ehmtyvﬁéB&Dt)mf ea&‘araadlarl\rﬁﬂnpdttbmﬁ shel scaieaissigrad is thetaéairmamd lmnted

between the two corner frequencies, fo + fp and fo — fp, representing the two extremes of

the Doppler Shift effect on the carrier signal. This phenomenon is called the Doppler

spread of the multipath.

15 Each Rake Finger 12, 13 and 14 in the Rake Receiver 10 demodulates a particular
multipath signal (i.e. the few dominating resolvable multipath signals received by the
MSR). Due to correlation performed by the Pilot Correlator 23 in Rake Finger 12 the
corner frequencies of the PSD of the demodulated pilot symbols are given by Equations 1B
and 1C:

20

256.fp.Tc (where cosf =0) Equation 1B
- 256,fp.Tc {where cosfl = m) Equation 1C

where 7¢ is the chip period and it is assumed that a correlation length of 256 is used in the
25 Pilot Correlator 23. Equation 1B represents the scenario where the MSR is travelling away
from the BS and also is achieving the maximum Doppler Shift in the positive direction (f5)
Equation 1C represents the opposite scenario, where the MSR is travelling towards the BS

and is achieving the maximum Doppler Shift in the negative direction (-fp)

30 The timing difference between the BS and MSR clocks is measured in terms of

differences in parts per million ("ppm™). This difference, leads to 2 mismatch in the



differences in parts per million ("ppm'). This difference, leads to a
msmatch in the C MNOOW1Tenperary [=l FRas C nmlE31YQGn%. VM 2215270 speci 43
dm ?0/0861] - Il generated frequencies of the BS and the MSR, called as the
f r equency coffig@tu (e ndeFpew-foeguemney of f set can be described as shown in
Equation 2: fo= fc. Ap Equation 2 5 where fc is the carrier frequency (in
Hertz) and Ap is the clock difference (in ppm between the MSR and BS
clocks. Figure 3(a) is a graph showing the PSD 33 of the denodul ated pil ot
symbol's 10 without any frequency offsey _ between the BS and MSR According
to Equations 1B and 1C, the PSD 33 is band-limted between two (an upper and
| ower) corner frequencies, being 256.fo.Tc (shown as item 31) and

-256.fD. Tc (sho as item.32 espect i y. .The bapdwi dth of.. t PSD 33
cor r espon&&1FY° éq'ée_ﬁf:’éé(ﬂ’fékl‘a) Pﬁé’ngﬁ%’ %eﬂ%&ﬁs Weﬁ?%n%Bg‘Df‘Fér(f"?'r Iej,\[g’ﬁ_enci es
31, 32. FirgiidcpbMetictn Be QsaPibdsh aMwibintRafie2:35 of denodul ated 15 pil ot
synbols in the presence of a positive frequency offset between the BS and

MSR. The frequency offset causes the original PSD 33 to shift in a |linear
direction towards the right hanfc}if;sid of the graph by a faﬁ:t(plr .&;28 34
(where S is proportional to the ffeffueficy of fset between t d % and the
BS). Ag a result, the new linearly shifted position of PSD 33 is shown by
PSD 35, and the upper 31 and |ower 32 corner frequencies of the original PSD
20 33 ar evhbrofcrisghe catmief trgdudmpy dirf Hertar anst /D tl-‘b%}?ogl'p@k oHErgse i pam)
respectively. The ndw, dt 8 of the shifted PSD 35 does not change (i.e.
t he bandwﬁ e‘é@eéﬁgﬁ ‘Y\hgﬁp% 5 is the same as the bandwi dth 30 of the PSD
33). The PSD 33 and shifted PSD 35 can also be referred to as the Nornalised
PSD 33 25 and Nornmalised PSD 35. Accordingly, the upper 36 and | ower 37
corner frequenbigts 3fa) ihe sw@rhahdvsasg %BSQS3¥Qﬁ the dempdulated dilobaymbolas t he

Nor nalssed.: I hefROr - b e
Nor i 0zed Ry Holtty HREB R M MSRE MR ELHENGNRE 08 shd2 | ooy
35 of thel@ethedRBRt38dis fiahdiinsiedibetvecen 3&roi (8n nipgéit arslhlofweededigerafréquenaes, S 34,

In the presenoss i rohiedueasy A1 haftaseT.rS (EhE dliRE 3 BV res BN} O A
bandwidth 30 of the PSD 33 corresponds to the spread of the PSD 33 between the two
corner frequencies 31, 32. Figure 3(b) is a graph showing the PSD 35 of demodulated

15 pilot symbols in the presence of a positive frequency offset between the BS and MSR. The
frequency offset causes the original PSD 33 to shift in a linear direction towards the right
hand side of the graph by a factor of S 34 (where § is proportional to the frequency offset
between the MSR and the BS). As a result, the new linearly shifted position of PSD 33 is
shown by PSD 335, and the upper 31 and lower 32 comer frequencies of the original PSD

20 33 are also right shifted by a factor of § to positions 36 and 37 respectively. The
bandwidth 38 of the shifted PSD 35 does not change (i.e. the bandwidth 38 of the PSD 35
is the same as the bandwidth 30 of the PSD 33).

The PSD 33 and shifted PSD 35 can also be referred to as the Normalised PSD 33
25 and Normalised PSD 35. Accordingly, the upper 36 and lower 37 corner frequencies of
the Normalised PSD 35 can also be referred to as the Normalised Upper 36 and

Normalised Lower 37 corner frequencies of the Normalised PSD 35 respectively.

As shown in Figure 3(b), the Normalised PSD 335 of the demodulated pilot symbols
30 isright shifted by a factor, S 34, in the presence of a frequency offset. S is determined by
Equation 2A:




Cl . WL1i bONSl Tpnpprery lysngi Fil es% onl e, LI E14?Q6" LVZi 12215270 spW 01
dou201™111 -12- S = 256.fo. Tc Equation 2A and the Nornmal i sed Upper 36 and
Lower 37 corner frequencies of the Normalised PSD 35 are respectively

expr essedchybwsEepdatd @S 2BraR b2 was: f Ol | oOWs: 5 S + 256 fD. Tc Equati on 2B
S- 256 fD. Tc Equation 2C By estimating the Normalised Upper 36 and Lower 37
corner frequencies of the 10 Normalised PSD 35, it is possible to determ ne
the frequency of fset between the BS and MSR For exanple, let fmand f, be
respectively defined as the frequency_i'pits corresponding to the Upper 36
and Lower 37 corner frequencies of the rmal i sed PSD 35 15 for a CDVA
system (e.g. a 3GPP UTRA-FDD system using a correlation length of 256. In
the presence of a frequency offset éfo and Doppl er Shift (fD), .the val ues
off,,, and f, are respectively dé&t4¥ddlpy Equations 3 and Equation 24 - 256
fDTc + 256 foTc Equation 3 fR = -256 fDIc + 256 foTc Equation 4 By sol ving
Equations 3 and 4, the Doppler Shift (f2) and frequency offset (f,) are

gi ven by amgiubt Nonsalkedhippér Iespdotvwer 8l7\cormb freqiefi€ins bNihe Mot2zhiedBfIBBI ons fo

= (fm+.f | (512 Tc) Equatdion.6 a hy-product, from Equations I A and 5,
Tt Fol 1 oviie iRl Qb By 2B S W B BB "B A on 7
Ct WE+W\SI TCnpm | Neepci Fil, 1Corn, nt | El t YQBAKLVZ, | U21 927n sped #3 dm NAnV(13

- 13 From Equation 6, it can be seentjl hat the frequency offset (f bet ween
the BS and MBR can be deterni ned fi30/hdcfr equency val ues cBARBYHLHRI ng to

the Upper (i.e. fn 36) §—256p.Tc Equation 2C

By estimating the Normalised Upper 36 and Lower 37 corner frequencies of the
10 Normalised PSD 35, it is po‘ssible to determine the frequency offset between the BS and
MSR.

For example, let f, and f, be respectively defined as the frequency limits

corresponding to the Upper 36 and Lower 37 corner frequencies of the Normalised PSD 35

15 for a CDMA system (e.g. a 3GPP UTRA-FDD system) using a correlation length of 256.

In the presence of a frequency offset (f,) and Doppler Shift (fp), the values of /,, and f, are
respectively defined by Equations 3 and 4: ‘

S =256 fpIc + 256 fiTc Equation 3
20 Jn=-256 fpTc + 256 f,T¢ Equation 4

By solving Equations 3 and 4, the Doppler Shift (fp) and frequency offset (f;) are

given by Equations 5 and 6 respectively:

25 fo=Uu=f ! 51270 Equation 5
Jo=(n+ 1/ (512 T¢) Equation 6

As a by-product, from Equations 1A and 5, it follows that:

30 v=((fn—1) )/ (512.f-.Tc) Equation 7



and Lower (i.e. f 37) conmer frequencies of the Normalised PSD 35 are known.
5 Figure 4 is a diagram showi ng the process for estimating the Upper (i.e.
f,, 36) and Lower (i.e. fn 37) coner frequencies of the Normalised PSD 35.
Figure 4 t8oo@ithy narrscexempl-asy-kbdust rati on of the process in one particul ar
Rake Finger (e.g. for Rake Finger 12 in Figure 1). In fact, the process in
Figure 4 can be inplenented the same way for each of the Rake Fingers (e.g.
itens 12, 13 and 14 in Figure 1) in the Rake Receiver 10. The 10 received

i nput signal 11 serves as input to the;Rake Finger 12 and is passed to the
Pilot Correlator 23. The Pilot Correlator 23 uses the PN Code generated by
the Pilot PN Code GCenerator 21 for denodul ating pilot synbols, s(n) 18,

derived fromthe recei,ved jnpu sigpal,11. The d ted pi.l S ol s,
s(n) 18, are t'Hem pHELey t’écg'hhe I&?eé‘gﬁ%tﬁ@?/%e@efl%f’%%ggﬁhg?t?"ﬁfpﬁegéﬁ a%‘gbf or
further prEResehBE-detthRinedeNihe FRlueRp RRed okdipodding rpuligieedi 9, G6)
synbols, s(n), are split 41 along two separate processing paths 42 and 43.
The denpduiddtaser Gid. 6t373 poiber equenpesrdtieadNenmusvise B 34 areknewaubj ect ed to a
mul tiplication process 44, which involves nultiplying each pilot synbol in
s(n) by the factor e "0 (where nis an integer, and n > 0). The

mul ti pbi cat i orFipuredes a dizbraashaeviag theeprocess for estindtngabe Hpperdcest 36) and

form | tati ' i fting" . the, 20 denpdul at ed
D1 ot SynbRYe, teq iy A omeh diepitnsias GHE AR o7 APt [BHch ' RBOPED of { he
denodul at @@npidrPiilusiiRAl of tHSprbess HOWMR paftichiag Rake Bingétdeigs fol ®aké Fhrer in nore

detail in this specification. The output of the multiplication process 44
is a strehigire 4y) nfaetdthgipresessdp Aine 4 carpbe imnigmarded the jsame @ay dor cock gf
synbol s, - lf ; ki ReER, 5 {Rd SO
referred %ﬁgr%ag&%ﬁq%gsg@pﬁiﬁﬁq lgi’ rlr?Ingglla, 15?!#%&8?11 Il{lélbéegﬁlaeéﬁggég‘lr atlg}g p?‘% ot
synboll§, =¢eiyed ibfut sigral pil cpavgabethpal wthe Fakd Fagenhdl apd sspatsadntoothg Filat

separate J.ow.pass,filter 4 | so,, referr as "Filter, RLV). oW pass
filters 4 0%9]8109123.61%&3 Pﬂ%%‘?‘?rgei?t?r @n‘dsefﬁée 5‘8?"‘ EROFTAF V\Hhec%l% rtlePrlJ ?rg%équenci es
of the fiGtmigocan fheddhednitaidg gslot Byrabds,-dob) 1&ieeiotd Viohy theTleeeidéd tpput  of
each of the |low pass filters 45 and 46 are respectively pas e}tthrou h a

separ at e signdlilde The demodiateds pHlpt syanbols, sk el é‘f%F})enfRﬁﬁfeég‘ ctif dt'*Hythe power
L0 U0 ELSRRICHI G0 Uikl TE) fibg Sy
power 16f ddmendolstqoiupilos aymbolatsée), hrecplit Ak aloog/tywasepardté pegeessing paths 42 and
43. The demodulated pilot symbols propagated along path 42 are subjected to a
multiplication process 44, which involves multiplying each pilot symbol in s(n) by the
factor ¢“™" (where » is an integer, and # > 0). The multiplication process 44 can also be
referred to as a process of performing complex rotation (or "frequency shifting") on the
20 demodulated pilot symbols, s(#) 18. The effect of the complex rotation on the PSD of the
demodulated pilot symbols 18 is shown in Figure 5 and is described in more detail in this

specification.

The output of the multiplication process 44 is a stream of adjusted pilot symbols,

25  x(n) 19. All the adjusted symbols, x(n) 19, are passed through a low pass filter ("LPF") 45
(also referred to as "Filter F;"). Similarly, the unaltered demodulated pilot symbols, s(r)

18, are propagated along path 43 and passed through a separate low pass filter 46 (also
referred to as "Filter F;"). The low pass filters 45 and 46 are identical, and the upper and
lower corner frequencies of the filters can be denoted as LP and —LP respectively. The

30 output of each of the low pass filters 45 and 46 are respectively passed through a separate

device 47 and 48 (such as an integrator) for calculating the power of the output from each



46 is also referred to as Px. Simlarly, the power of the output calcul ated
fromthe low pass filter 45 is also referred to as Py. Both the power
outputs Px and Py are passed to a Digital Signal Processor 49, which

est i mat esatb@skpeuensysadd setmLhdhes The Digital Signal 5 Processor 49 al so
adjusts the value of f in the conplex rotation factor (ef'"') which is
multiplied to subsequent denobdul ated pil ot signals processed by the
Frequency O fset Estinmation Block 40. Figure 5 shows, in three-di nmensional
representation, a graph 57 correspondi % 10 the PSD of the denodul at ed
pilot synbols in the presence of a freg ency offset (i.e. the Normalised PSD
of s(n) 18, as shown in Figure 4) and another graph 58 of the PSD of the

denodul ated pil ot symnmbol s which have been shifted due_ to conmplex rotation
(i.e. thefitsDss gy Iﬁypemvelﬁas Tae power of the guipat cplculajgiofion e dqw poss IKFue of f

i s used i Bs {dhesof Bkl toda’s P SitteR teSpomet bf ik bt Qu&AR ﬁ%mttﬂélow ab
synbol s s(n) durlng conpl eéx rotation, the resultant 15 PSD (e. the PSD
shown as filtg358 alsn réfeged ® EB)waEol:hﬂhepgmrr ousphits GwanciB, mh@assﬁém aPagithl si de
of the gr by the f or.f. \Wen a ative val ue S

factor e’ gﬁf’al ?Wgess? %31 % (el fheb L & egis? \g{g’rdsﬁi @131% Sn%rgﬁrjud si de
of thesgrBpbedtyr theisbariris the valuehd f @xheRbApRRCWEtLA fEcttg:u(eé 75, wh1015)(1§l tive
val ue off is usgd and hence the reaé%tant PSD 58 EHE{ other and
accor di ngMpltinhed o sheseapse dempdulptsdatior sierals Hrewss QYGEY Sreésul t ant
PSD 58 argquidhaih mhified by the factor f 54 frompositions 50 and 51 to
positions 52 and 53 respectively. The respective bandw dt hs 55 and 56 of
the PSD 57 and 58 are the sanme before and after conplex rotation. The

;?gtqacran]::yng:‘:}ggur% h%“}i'gﬁlAt?\nEeth(gg}‘ﬁge rﬁf’%?% | ng tg{eﬁ{rre? %@E@M}gg té‘gﬁency
g?; l) rrg?] 11 othelPsmesmreldameidw;teb pllbeﬁﬁﬁtﬁﬂsr:ﬁleﬂle pﬁsgmrjaﬁ‘caﬁfre?ueaﬁgdolffédm)(i.e.Itne ]If: lg;J re fz
45 and 46 1@?@%&5 é’ilgrﬂis @Wlﬁéggl&ﬁe‘k)épwgerﬁ drerh {f}e%fe thg BEDg{ e | | pr

cor r espongki Riuldi& Mra?%ymsagi WhteavE BEREhiftddeNMep ebBBlck @@tﬁ@&{ ?‘ée{h)é pspr | ow
pass filters 45 and 46. The area 72 represents the passband for the LPFs 45

and 46. 30 xhelNesrhove duFiReE bF Waspapoaitize vine of / sywsdiin the fagtor ¢R%, PSD of
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Fi | es%&nnPSiI3 f(&R 4MQPAKL Mhdivin243 11ty 08 Sip & tbudd d)iwﬂﬁbé)&mﬁed idvards the right hand
side of the graph by the factor £ When a negative value of fis used in the factor &7 the
resultant PSD will be shifted towards the left hand side of the graph by the factor £ In the

example shown in Figure 5, a positive value of f'is used and hence the resultant PSD 58
shifts to the right, and accordingly, both the upper and lower corner frequencies of the
20  resultant PSD 58 are right shifted by the factor £ 54 from positions 50 and 51 to positions
52 and 53 respectively. The respective bandwidths 55 and 56 of the PSD 57 and 58 are the
same before and after complex rotation. The factor f 54 is used in the method described

herein for estimating the frequency offset (f,).

25 An example illustrating the method for frequency estimation is described with
reference to Figures 6(a) and 6(b). In Figures 6(a) and 6(b), the upper and lower corner
frequency of the low pass filters 45 and 46 are shown as 71 and 70 respectively. The
values "LP" and "-LP" correspond to the upper and lower corner frequencies respectively
for low pass filters 45 and 46. The area 72 represents the passband for the LPFs 45 and 46.

30 The Normalised PSD of demodulated pilot symbols (i.e. the PSD of s(#) 18 before filtering

using LPF 46) is shown as area 73, and has upper and lower corner frequencies



256(fo+f D) Tc and 256(fo- fD)Tc respectively. After perform ng conpl ex
rotation, the Nornmalised PSD 73 is shifted by a factor f. In this exanple,
the value off is positive, thus resulting in the right shifted PSD shown as
area 74 (ic:\wrﬁomeIn-;Ll,elmaE:)&Dszgswo)ﬁ(uﬂr)zmﬂinx:hr.@:f:sﬂre filteri ng usi ng LPF 45) . VWhen X( n)
19 is passed through LPF 45, the band-lim.ted result is shown 5 as the PSD
in area 75 (i.e. the PSD corresponding to Py). Simlarly, when s(n) 18 is
passed through LPF 46, the band-limted result is shown as the PSD in area
76 (i.e. the PSD corresponding to Pr). It can be seen from Figure 6(a) that
the power of the filter output (Pr) gsnearly equal to the power of the
dermodul ated pilot symbols (Py) if the PSD 74 of the input to filter 45 is

entirely contained within the passband of the LPFs 45 and 46 (i.e. = 10
Pr). In aréfhero)ézangl ES6hotaic resPachlitle. 6(HFT Refpmias Jostpiey cswae@ntqhé

demodul atﬁ% 48Py sﬁiﬂ&?ﬁzg c{té}gf 'N?Eh??%p!saﬁ% 'ﬂ}%%ﬁ?eé H&sﬁﬁveb g larger

factor f. I'S exanp resﬂ ts in the
ri ght shi i-etsehinESDt}m htg\kmﬂaﬂecb]i’ﬁa shofvn dsbarkioWeli er the 1 of m‘(n)okﬂ baogel fdseringt at i on

| eaves a ort 7 outs cor er frequenc LP) of
LPF 45. Tﬁﬂgg %‘ﬂ)ﬁ g"?aléds Q"(‘%ﬁ?‘i %@"%ﬂipﬁp‘&g&%‘?%r {itedes SR P gh LPFs
46 and 545as &B@sb&ﬁ@réalm(t@dhépeelcbn%oﬁ&l@g ROMEI Siadilakl ewﬁ@,ﬂﬂu}m‘fs@msb&’F 45
(shown as the PSD in area 78) is less than the band-limted &ower of the

out put of threyehgePF ééhﬁmbaaé -limHtedprepyly i shown apghe PSP dnarepdoséenther YR Fi gur e
6(b) that h
p(()V\A)EI’ o? té}rlfggut p togjf) T P ﬁagl(r)be?l%%'?ﬁ )npi:ﬂ‘gmel 6@);@%5&%%& %if lﬁ%zi?h%ro Fb ttt 2r 45
i s not en{f) sinpadpequai watle powdriof thehenpdsiaizd pdoodynttots (IEBFiﬁﬂwEPS&W dfgh¢ i . e

Y ese mealprbindites 35 Suorirel? oQiuging vl the PRYTR O%Z@%ﬁc‘iﬁ ASTEEAESi 1 ove.

LetfRipe Phe maxi mum positive value of f for which Py = P,,. The upper
corner frequency (J) can therefore be expressed as shovvn in Equation 8. fn
= LP -fR Equation 8 30 Let fL be the m ni nrum negati ve val ue off for which Py

i b Gmaai  ESSUCRRRE" ARV 727Ds Bl oM compler, rptation of the demodulated
pilot symbols causes the Normallsed PSD 73 to sh1ﬁ by a larger factor /. In this example,

the value of f is positive, which results in the right shifted PSD shown as area 77.

15 However, shift from complex rotation leaves a portion of the PSD 77 outside the upper

corner frequency (LP) of LPF 45. Thus, when s(n) 18 and x(n) 19 are respectively passed

through LPFs 46 and 45, the band-limited result of the power of the output from LPF 45

(shown as the PSD in area 78) is less than the band-limited power of the output of LPF 46

(shown as the PSD in area 79). It can be seen from Figure 6(b) that the power of the

20 output of filter 45 (P,) is less than the power of the output of filter 46 (P) if the PSD of the

input to filter 45 is not entirely contained within the passband of the LPFs 45 and 46 (i.e.

P,<P).

For a fixed value of fin 7", powers P, and P, are measured. These measurements
25 are used to estimate the frequency offset as follows. Let fz be the maximum positive value
of f for which P, = P,. The upper corner frequency (f») can therefore be expressed as

shown in Equation 8:

fu=LP ~fr Equation 8
30

Let £ be the minimum negative value of f for which P, = P,. The lower corner



frequency (f,') is therefore expressed as shown in Equation 9: f" = -LP -fL
Equation 9 5 In selecting LPF 45 and LPF 46 one has to ensure that the upper
corner frequency 36 and |ower corner frequency 37 is less than LP and

gr eat er th\aﬂﬂowsmlnpﬁryl(:riun&mumh\BmE\'nszlﬁzmsEin,aoclzaRm and LP > f" > - LP) . Since an ideal |ow
pass filter cannot be realised and a finite and discrete nunber of val ues
must be used to express the power cal culations Py and P,,, a threshold
value of T is applied, where T < 1. T is the correction factor, which is
preferably 10 given the val ue of about ,0.9. The value of T can be varied
depending on the roll-off factor for'% e low pass filter used in 45 and 46.
Thus, fR can be redefined as the maxi num positive value off for which Py and
Pc satisfy the criteria in Equation 10. Simlarly, fL is the mninum
negative WafwaCcHi/f) is drerefams expreesad pyshoma ipEayations¥y the criteria in Equation
10: Py > P, T Equation 10 The aimis to find (by estimation using a binary
search) the maxi mum positive 20 value of f (i.e. fR) and the m ni num
negative value of f (i.e. fL) whichiredH/5 in power values Egnafyndnd Pz
that satisfies the inequality in Equation 10. To determ ne the values of fR
and fL, the value off can be increased or decreased at particular smal
interval s untiin dehRtihg BRPAISIdnY IPF FEostRtlaemo dfbuteSthatathe sibpe@ctorder glequietldy y, t he
25 value off is increased (to find the maxi mum positive_val ue off% f

decr eased3¢ evd fovvea cOREr IIPRUSIGHAA 1depsthapel & and gregies thay rLP r@tf‘eié’ & ot % 25

(for exanp) gy pf 9'—453P)._0871ée a]p'ide%%iw s@ﬂhﬁ' Qhndt B tddlised arfd: 4 Finite an@Nd SO

S 7
on). Alternatlvep , 1t"is preferable that the value of f is increased or
decr easeddisyretr duamchienof Yalnes whist be mpddstoaexposss tilhiey powaert adpatatigne &) end tfham 0 and

where the_,valug of m..s initi.al at-.1, Preferably furt al ue of
mis incr g’é%séa b‘S?IUI?(?f léﬁgfﬂlefii Whé/rF ﬁ? %/'a tﬁsethgfc?rr?c Ioﬁ%c\{uosrt e I.CH% Prgge}pn%lyvel y, a
bi nar y10s e?fv@rhtl‘fé&)ﬁld@&)f@ﬁ@ltmdl"Heovahd:QifoTd"ﬁhrbe vahied depknidisg of tHeRoHndf faktor whi ch
is nore efficient. The varjabl e gified in the Ci 1NOOW1Tent parary

| nt t met Fi fesshedqy \m&l}&ﬁ\?zg?} 2151h1 spaei N3 dx-2M W- 17 binary
search is f. The range off is dependent on the upper (LP 71) and |ower (-LP
70) corner frequencies of the |ow pass filters 45 and 46. For exanpl e,
assune that thEhwsafumas befredefingdhds thePnanimumemsisioe ivela i £ éer whicl 2 agh &«

satisfy the criteria in Equation 10. Similarly, f; is the minimum negative value of / for

15 which P, and P, satisfy the criteria in Equation 10:
P,>P, T Equation 10

The aim is to find (by estimation using a binary search) the maximum positive
20  value of f (i.e. fz) and the minimum negative value of f (i.e. /z) which results in power

values for P, and P that satisfies the inequality in Equation 10.

To determine the values of f; and f;, the value of fcan be increased or decreased at

particular small intervals until the inequality in Equation 10 is satisfied. Preferably, the

25 value of fis increased (to find the maximum positive value of f) or decreased (to find the
minimum negative value of /) at intervals of 0.25 (for example, f= 0.5, 0.75, ... and so on;

or £= 0.5, -0.75, ...and so on). Alternatively, it is preferable that the value of f is
increased or decreased by a factor 2™, where m is a positive integer greater than 0 and
where the value of m is initially set at 1. Preferably further, the value of m is increased by

30 1 each time the value of /is adjusted. Alternatively, a binary search may be employed to

determine the values of f; and f;, which is more efficient. The variable modified in the



5 -0.2, and the speed of the MSR (v) is between O kilonetres per hour
("kph") and 300 kph, and the frequency offset (f) is |less than 2000 Hz (i.e.
equi valent to a nmaxi mumclock difference of |I ppn), and the correlation

|l engt h of iRk QhunQOLESLAL O LS 2R, the range of the absolute value off
that has to be searched to determne the values offR and fL (i.e. If,) can
be determ ned. The values of Tc and fc are assuned to be 0.26s and 2 GHz 10
respectively. By applying the above assunptions to Equation 3, the maxi num
value off, (i.e. fm= 0.17) occurs when v = 300 kph and f, = 2000. When fm
attains its maxi num value, fR attai ns s ni ni num val ue (i.e. TR = 0.03,
using Equation 8). Simlarly, according to Equation 3, the m ni num val ue
off" (i.e. fm= -0.13312) occurs when v = 0 kph and f, = -2000 Hz. \Wen fm
attai ns i tbenamy pdarchms valTlhe rafgR oAiftiadensnilens ondhd weper (&P dé) @id lowet R-IZ 1%

0. 3312, usin uati.on .. Ther re,.th ange of absolute values off that
has to be Coglgﬁg%huézﬂmf’soo%é g’rw aﬁghﬁ r54\5/a %égs of fR (andfL) is given as

Equation 11: 0.03 < VI < 0.3312 Equation 11 20 In Equation 11, the positive
estimated val ues off determne fR while th esti mated val ues of f

e negative
determne fL. FEhS®MPGHESLBSInatEe KplHeT 9f %Pearfdchlg'g ang espegliynly & at P an

separ atel Yo seafdthe §ded bP theMRXR MW Ys BRSIdeh Vi RetBRp&hovia [ eh'9Tahd 300 kpRe
m ni nrum negative estimted value of f. Preferably, the binary search
est i mat es an¢ghey Bequenef offRetdfidl if less thaar2008dda fige pawivalant ot masiagmislack, wher e

ais wthijn.the ran f . 125 Fi i f S e
Seps | n BRSSPI HBat e hepgticiaelgthih Bt the POECOOMEDRY {s it dene
t he maxi mila sigsiute watueval Atkatdias 4 be Jdaeched tddelermiiag the values b€y ardQ; (vhé¢fe f i s

initially set the value of 0.5 and the variable Xis initjially set the val ue
of 0.5. KAt deedsiaminedor Loe yplugh obilq e fedisi psuned éﬁ’igﬂe %’-g%%ﬁlffgﬁnéé%y t he

enmduf ot PaiREly? By Lplithelfe aivelodRiblion; RHERIARh SPUTM MR Pyt TO0
D e o P Epor Y
o ) e A b RO R o o Boneit i B, Rty ARORANER ©0

each of theEgeitoaol akesinphildtvalay 6D (5.3 =b9. 1802 )foacirewhen 2'=)0 kgidaddhp=conpl ex
rotated denpdul ated pi.l ot ,synbols 19 are 9assed t hrough anot her, | qw pass
filter 45 -%Q[Jth%.héNW attains its minimum value, /¢ attains its maximum value (i.e. fz =

15 0.3312, using Equation 8). Therefore, the range of absolute values of f that has to be

searched to determine the values of fz (and f7) is given as Equation 11:
0.03 <|f] <0.3312 Equation 11

20 In Equation 11, the positive estimated values of f determine fz, while the negative
estimated values of f determine f;. Hence, two separate binary searches are required, to
separately search for the maximum positive estimated value of fand the minimum negative
estimated value of /. Preferably, the binary search estimates the value of fz and /; to an
accuracy of a@ fractional bits, where g is within the range of 5 to 8.

25

Figure 7 is a flowchart showing the steps in the binary search method used to
estimate the value of fz (i.e. the maximum positive value of /). The method starts at step
90, where fis initially set the value of 0.5 and the variable .Y is initially set the value of 0.5.
In step 91, correlation of the received signal is performed by the Pilot Correlator 23 to

30 derive demodulated pilot symbols, s(n) 18. The demodulated pilot symbols 18 are passed
through a low pass filter 46 and the power of the filter output is measured 48 as P.. The



of the filter output neasured 47 as Py. After determ ning the value of Py
and P, the 5 nethod progresses to step 92. In step 92, the condition (Py <
Px 7) is checked, where T is the correction factor, which is preferably set
at 0.9. | kbwibhe~conaidd@ R dbaualep«82w:s sati sfied, the nmethod proceeds to
step 93, which decreases the value off by the value of X (i.e. f =1 - A).
However if the condition in step 92 is not satisfied, the value off is
unchanged and the nethod proceeds to step 94. In step 94, the condition (X
= 2") is checked, which 10 determ nes whether the value of X has reached the
required | evel of accuracy (i.e. by thé” nunber of fractional bits)

determ ned by the factor a. If the condition in step 94 is satisfied, this
i ndi cates the end, of the binag%ws?arch, shown in ste step 96, the

val ue of f drmedulpRe PHPsgbole i 2ty gleo Piscld tp samBlyxiatigh é‘?&l@@f l“ﬁﬂ'd@?ig‘gngl y,

the val uecofif of the deRfbdiRicAFhifY|sFhBEs A8AKY fhie N8ctbO /By AR A Sompibe reaRdi tion
in step 94 wll eventually be net 15 by further iterations of the steps in
t he met hodemedwatedpidot syinhols 101 phegpddbrongh enather davy pass fibico 42 withfthepovesach
iteration (i, e..the value of i dj fter e ite i t cone
cl oser toof ﬁl%e ﬁlé%fu?‘%tg lflg%?gfedéw %sr g{ft ik%%r?g%e%ﬁ%én c@%&:a%e.& Qg%rfel gt he
condi t i50Nn methositp@PgrOdkes toSstépod2. NRaitstept 92 theadouditioh (X, « £, Bpdathecketiowperefesabl y

beconme half of its original value (j.e. = 12 nd the value off js is
added to fHfefOREFiRR %?tp_n(qu@! isgpr _fraﬁlbe)ﬂ, e i uifios 1ppte Yoitsisted ar o
then used fQhetRBPIABEdS tE5E! 9D WA debRadB HROALRI TP By Bevaliend X fienfsyep 91.
As such, the estimation nethod involves an iteration of certain steps

requi red PdrHpwevesifithagondidorbinmssapyd2 is setrsehsligddths tvalye ofhsiinerragodipriethf f has
attai ned r.equi eqr.eg, of r accurgc o’ 3y IS H @y E t,.8hApW ng

t he steps%ﬁmtd hél%ﬁleﬁgrtg s'ggenag‘(l?h Irrrle%tﬁ%gq U)sﬂgd%%%o%’ségstlzn)aﬁgegt g@c\!/’awglggof fL
(i.e. mohedeemintwhabat thy @alvalofie Ik rédched the resptifrddewd af tecusdcy (t.ebylthd, where

f is initial set. the valuye of -0.5 and the variahle Xi.s.initially .set the
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closer to the required level of fractional bit accuracy). However if the condition in step 94

is not met, the value of .Y is updated to preferably become half of its original value (i.e. X =

X/2y and the value of X is added to the value of f(i.e. f = f+ X). The new values of Xand f

20 are then used for another iteration of the method steps starting from step 91. As such, the

estimation method involves an iteration of certain steps required for performing the binary

search and stops when the value of f has attained the required degree of accuracy.

Figure 8 is a flowchart showing the steps in the binary search method used to

25 estimate the value of f; (i.e. the minimum negative value of /). The method starts at step
100, where fis initially set the value of -0.5 and the variable X is initially set the value of

0.5. In step 101, correlation of the received signal is performed by the Pilot Correlator 23

to derive demodulated pilot symbols, s(n) 18. The demodulated pilot symbols 18 are
passed through a low pass filter 46 and the power of the filter output is measured 48 as P,.

30 The demodulated pilot symbols 18 are also subjected to complex rotation 44 (by
multiplying each of the demodulated pilot symbols 18 by the factor &°”) and the complex



the power of the filter output neasured 47 as Pl,. After determning the
value of P. and Pc, the nethod progresses to step 102. In step 102, the
condition (P., < P.YT) is checked, where T is the correction factor, which
i s prefer abky:s e matien@mBrahfat-heseondi tion in step 102 is 5 satisfied, the
met hod proceeds to step 103, which increases the value off by the value of X
(i.e. f =1 + X). However if the condition in step 102 is not satisfied, the
value of f is unchanged and the nmethod proceeds to step 104. In step 104,
the condition (X = 2-') is checked, mﬁ'ch det.erm nes whet her the value of X
has reached the required | evel of accufacy (i.e. by the number of

fractional bits) determned by the factor a. If the condition 10 in step 104

is satisfied, this indicates the end of the binary search, as shown in step
106. In &epd fopodylped pilpygymiols 14 8t reped shivuely a%‘éb?fgﬂwi Ras ﬁBere Pifet ed
val ue of e po A%t 8F Gk gy outFﬁti}ﬁea\éﬁ’lleH' q7Qf ;l)¥| AL d%@erﬁﬁ?iﬁ%{}%t\%gleaﬁ' Qg'éﬂd pg to

Equation 9. "The condition In step 104 W event ua e nmet by further
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bit acaur sgisfied, laverdod pfockhi to spdD3,iviich Mcehed tHOvhliesofytly thevalué bEXval ue

of X is updated to_preferably becone half of its original value (i.e. X =
X12) and Cife/vaf bt DRvexersh e seaciionringiap 12 Gaof g2 lﬁg(ﬁ_h?é’.aﬂﬂe SRS %),

The new vghi@Sedel and RBthdthdd Srotdde8 '8 1007 1:28@p N8k, the RLAdILIEN (BT= 2hes et hod
steps starting fromstep 101. As such, the estimation nmethod involves an
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st ops whe i . i e racy. Once
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est i meitted irf stemLiinie yatistibd, akis ifdicntgs ths emigp g BinargRedich, As sbovay inmtepdifst ,Int he

speed of the R can al be obtai ned 25 using Equation 7..The speed, v,
cal cul at e8P B e yalLs § gL & fr‘s@éfgnﬁéhq%ﬁff%& Vol SiamAeo P BEE  ve
per f or mangg uef 314 BEI bastutitbdaccolBnd ASA1akeH e CltheQAn&fbA i Step QVABKE a

more accurate adj ustment to conpensate for any phase del ays in the signal
recei ved byentusdly vBRet BY fisghes Hisvations oFitpupteryin theemeshed Wgferibpdrancethgcessor

R e
Pi k. | edunitfralidBSioVsgosdsk ¥iosdr22 1he r2QuiSpkldvet Mb dra@iohal @8 acc@facy). However if the
condition in step 104 is not met, the value of X is updated to preferably become half of its
original value (i.e. X = X/2) and the value of X is subtracted from the value of f(i.e. f = /-
X). The new values of X and f are then used for another iteration of the method steps
starting from step 101. As such, the estimation method involves an iteration of certain
20  steps required for performing the binary search and stops when the value of fhas attained

the required degree of accuracy.

Once the values of f,, and f; are obtained, it is possible to calculate the estimated frequency
offset (f;) using Equation 6. As a by-product, the speed of the MSR can also be obtained

25 using Equation 7. The speed, v, calculated from Equation 7 could be used to improve the
MSR's receptive performance by further assisting the Phase Correction Unit 25 to make a
more accurate adjustment to compensate for any phase delays in the signal received by the
MSR.

30 As shown in Figure 4, the Digital Signal Processor 49 ("DSP") adaptively changes

the value of f and eventually determines the values of f, and f, using a binary search



descri bed above. For exanple, in every iteration of the estimation nethod, a
fi xed nunber of denodul ated pilot synbols will be extracted fromthe signal
received by the MBR, using the correlation process perfornmed in steps 91
and 101, aneostHseeeRtlyukisedsfolxmeal cul ati ng the value of P,, and P
Preferably, about 400 pilot synbols are used in each 5 iteration for

determ ning the value of Py and P. After the value of Pl, and Px has been
determ ned, the DSP perfornms the two binary searches (shown as steps 90, 91,
92, 93 and 94 in Figure 7, and steps 80 101, 102, 103 and 104 in Figure
8) to determine an estimated value off” . and f,,. Assuming that the val ue
of X in both separate binary searches has not reached the reqU|red | evel of

accuracy (l %éhe condltlon in steps 94 and 104 have not been
sati sfi ed)dESOPh 3QVEe FBE $xampleady fa@-f‘éaeretm fithnestigrtign etlns) a fixed {“HEb@JaI ue
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val ues coa&aﬁ BeREEMSt aanwﬂatec{ bﬁs&umlmﬁ@ QhcH E@)proc%@s%ﬁdoy( Wb ARgudnEy the

val ue of in factor €' 2'' was tested based on 30 different val ues around

t he vaIuecﬁﬁﬂﬁﬁnﬁﬁéﬁnBk&kﬁpe§mgﬁ@Uﬁ@ﬁﬁbﬁﬁﬁgﬁVélues off were tested f = fR -
0.05; f =fR f = fn + 0.05, For each value off, the ratio PIP. fron1the
power of C. ', WNUOASlTenporaly IllrnetFite., Cx em | E5t YQ6AKLVZ1122152-,0 sps
r 3dac 1Baldi &3 Initially the predicted frequency error is high. Similar to other frequency offset

estimation algorithms the procedure needs to be repeated several times before the desired

accuracy, described in Table 1 below, is achieved.

The estimation method, as described above, was tested under the conditions

20 prescribed in Case 1 as described in the specification "UE Radio Transmission and
Reception (FDD) 3GPP TS 25.101 V3.2.0", the contents of which is hereby incorporated

into this specification. The results of three different tests using the frequency shift based
estimation method described herein are provided in Table 1. The speed (v) of the MSR

was varied in the test, in order to take account of the range of values for v in the presence

25 of different frequency offsets.

The test also involved finding a suitable value of 7, which was determined by
simulations and further described as follows. For known values corresponding to the
frequency offset (f,), speed (v) and f, the value of f/in factor &*™" was tested based on

30 different values around the value of fz. For example, the following values of f were tested f
=fr—0.05; f=/p f=fr+ 0.05 For each value of £, the ratio P,/P, from the power of



21 filtered outputs 47 and 48 was neasured. The experinment was repeated
again for different values off, and v. Each tine a newratio for PIP, was
cal cul ated. The nmean of all the calculated ratios for PPP was sel ected as
t he val ue cofvordremmlPbc2b 0y iueMalue of T is less than 1, and preferable
further, T = 09. The value of T found using this technique was quite 5
stable in response to variations in the signal strength for different

mul ti paths and also in response to variations in the signal-to-noise ratio
("SNR') of the signal received by the ,MSR A Low Pass Infinite |npulse
Response ("IIR") filter, with LP = 0.2<(i.e. upper 10 corner frequency (LP)
= 0.2; and |l ower corner frequency (-LP) = -0.2) and T=0.9, was used for
presenti n%llthe results shown in Table 1. Also, the power (i.e. PY . or P.")

was cal ciltared putpsitsnly and Heasdyeasared4dbe qenesienenhvasiroprated agajinfag|differqie
carrier f ' e st r

Correl ati %ﬁggiﬁfﬁéggéﬁgg%pggg\bg?&% ﬁté %E“%ﬁ%&%%&oqgéﬂg@t&n% g’& Speed
(kph) 117184dl¢d5teAcitioalfof PP ueascsyleofell aethe(viahie of Hiz )R2&0000 A=Ovesdfi Friatled
frequency of f set 59552429 Err in t stimat ed.frequency offset

oy qns) tRb ISR fFEH O REBaD Ly Lo The A pt o, R bE s e B ot e ( ppm
Est i matsed seblfigrepersdetyaasnionshe tBSsiand sVBRP 2R B0 #okinddd ane laasks (pPM
Error in the estinmated difference between the BS 0.00250. 02250. 0355 and MSR

cl ocks (pHRFPOTSS tTaBrigtions ipdhq pigaalftennoise syieen YR pEEie wanal megeivsd by the
MSR.

A Low Pass Infinite Impulse Response ("IIR") filter, with LP = 0.2 (i.e. upper

10 corner frequency (LP) = 0.2; and lower corner frequency (-LP) = -0.2) and 7=0.9, was
used for presenting the results shown in Table 1. Also, the power (i.e. P, or P} was
calculated using an average of 400 demodulated pilot symbols. The carrier frequency (f¢)

used in the test was 2 GHz.

Test Number 1 2 3
Correlation Length 256 256 256
Speed of the MSR (kph) 100 150 100
Estimated Speed (kph) 117 181 125
Actual frequency offset (f,) (Hz} 250 1000 2500
Estimated frequency offset (Hz) 245 935 2429
Error in the estimated frequency offset (Hz) 5 45 71
Actual difference between the BS and MSR clocks 0.125 0.5 1.25
(ppm}
Estimated difference between the BS and MSR 01225 | 0.4775 1.2145
clocks (ppm)
Error in the estimated difference between the BS 0.0025 0.0225 0.0355
and MSR clocks (ppm)
15 Table 1: Results for Frequency Offset Estimation

Note that in Table 1, the error in the estimated frequency offset is the absolute

difference between the actual frequency offset between the BS and MSR, and the



Note that in Table 1, the error in the estimated frequency offset is the
absolute difference between the actual frequency offset between the BS and
MSR, and the C kW 13DOWB1T, npc, ny 1zn, | Fil Com 1E5%WQGAKF- 4251221 5 2 70

, paci  03dGuodwrlmker FR S SL kiR QG LBQURRACY Of fset between the BS and MSR
Simlarly, the error in the estimated difference between the BS and MSR
clocks is the absolute difference between the actual difference between the
BS and MSR cl ocks, and the estimated difference between the BS and MSR
clocks. 5 When the initial estimation i,)g obtai ned by the DSP, the frequency
of fset could be large, such as in teSt=nunber 2 where the actual frequency
offset is 1000 Hz. The DSP perforns a finite nunber of repeated frequency
estimati ons, For exanple, five estimations may be repeatedly performed and
t he act uakstimatefl&pgugnes oieet befiveante ByandMPR.- semilarls she ereardn thesestiggtedz, 930
Hz, 940 : 5 I; Lvely. i : i 110NS.
The avergggf%fyan ﬁgw%g iﬂ%aﬁggi gr@%@%ﬁ%‘;}y%ﬁ%gg o{ﬁgggé@r‘?&s&g}gﬁéﬂf ﬁ‘ﬁ%%ga Elél\/%/ni ch in
t hi s exanylifieréree B6bvekl theTRS and MBR bioskse nahihk eestimhted ddffaraice foebepeanhy BST f set

of 1000 Hz E es1ti mated by the DSP as a frequency offset of 955 Hz.

Accor di ngflgif,5 I5%cleriSquency” generated in the MBR is increased by 955 Hz to
compensate for the frequency offset. In 15 this exanple, the error between
the estimated frequency offset and the actual frequency offset is 1000 Hz -

955 Hz = 45 Hz Whas thinitigl egfirestiop isfobtatned byt thebdSPo thenfsequeeryi affset epddibed, the
error in i f B et .l I r: : bly,
for freq&%%%&ﬁ%ﬂf sg%%ts%%? i"%%é,?é Pﬁeé‘:ﬂazcﬁ‘%é%g‘g?é’w Eételtg qggt??{ﬁamﬁgngt hod is
repeat ed perfanik@ fitiiemumbet of mpsatend fraquedcysisiimationse fentxxanps thivewsiimatsonsan al so
be perforned to determ ne.speed ,20 esti ions, h ver,.in.general., this
may ot b ete SRS RN dtdr D Terial O e PORE Boliab R iR be used
in wirnel esginsated &880 HUCHI0 S, 940eHEMTS IEDRAB %55 B2Mesp2tiivel, VA, oflikes85 and
CDVA2000 syst ens, i nprove the system performance. 25 The met hod of

estimati ngsttmﬁéloflﬁ-e%ﬁﬁ%ﬁ‘c@yag_@foff sy esaripddiraveney BEseinalusR drigrmpred. pdidhdRmed
vorves. LEE o TR Y B e e A e 908 T8  hose
pi | ot synbsinsated by the DSP as a frequency offset of 955 Hz. Accordingly, the frequency
generated in the MSR is increased by 955 Hz to compensate for the frequency offset. In
15 this example, the error between the estimated frequency offset and the actual frequency
offset is 1000 Hz — 955 Hz = 45 Hz. As the frequency offset estimation method is
repeated, the error in the estimated frequency offset is gradually reduced. Preferably, for
frequency offset estimations, the frequency offset estimation method is repeated 5 to 10

times. In a similar fashion, repeated estimations can also be performed to determine speed

20  estimations, however, in general, this may not be necessary.

The method for frequency offset estimation can be used in wireless systems, such
as the UMTS FDD/3G, GSM, 3G TD-SCDMA, IS-95 and CDMAZ2000 systems, to
improve the system performance.

25

The method of estimating the frequency offset between the BS and MSR may be
performed using a fixed number of pilot symbols stored, for example, in a cache. This
involves iteratively performing the frequency estimation method over those pilot symbols
stored in the cache, Once the frequency offset has been determined based on the cached

30 pilot symbols the determined frequency offset value is used to correct the frequency offset

between the BS and MSR (the way this is done is beyond the scope of the invention). This



stored in the cache. Once the frequency of fset has been determ ned based on
the cached 30 pilot synbols the determ ned frequency offset value is used to
correct the frequency offset between the BS and MSR (the way this is done

i s beyondctB&sSEORE QL t-RECLAMERALLARY . This C %N NDOAS Tenporuy | nlem

Fi | esSCont r nt 1IES1YQGAKLVZ\ 12215271) spm x| . doc~I | XKM - 23 techni que may be
applied at periodic tine intervals, for exanple, every 15 m nutes of

transm ssion tine. Alternatively, the method of estimating the frequency

of fset may be perfornmed 5 continuousl¥ on the fly. For exanple, the MSR may
process a first batch of a fixed nunbé 36f denodul at ed pil ot synbols (e.g.

i n batches of 400 denodul ated pilot synbols). The filtered powers (i.e. Py
and Px) are determ ned and conpared, in_ accordance with the nethod

descri bedtechwique meayfher applisdiat peidgdipitimst inssyybo| far exarpplegenent ¢ 3 fra@uEE ofal ue is
det erm ne 0, he values of Py and Px, which is then updated as the
neM/vaIueq%gﬁﬁgﬁxT%n%he factor e' 2'rf". The estimation nethod, using the new
val ue off derived fromthe first batch of pilot synbols is applied to a

second batch of pilot symbols, as.so.on. for further atches of pilo
synbols. In thﬁggﬁﬁ9vﬂ¥HgEFW§Hﬁ€H£ﬁ“Fﬁ%WﬁﬁLﬁﬁquﬁmédﬁgﬁigﬁyf rpﬂg “Bat ch
of demzduk@lRdorily @h By TRO! Fo;ba?&gﬂéz Ntht hasSE negupRreYssof fisgtbatasfagifiedstics
in the signal received by the MSR 15 Although the frequency offset

est i mat i opupberfafdemadugted mdoryyathalseye. or baehes oE4Q] demeodtates sHmbPl8). shown
in Figure . [ I ts in a
rake. B noafe B5eRt RERREAE PAARS &rclleRihiraha compled e Rk MANEP 2,1 1,
may be i nhedrodt dderibeidp fart ther fiso prh erft gilafsytitbelsRake fiequepey faGor Falue axanpl e,

20 the functianality, or conmponenis i.n, the Freguenc fset Estimation Bl ock
40 may beg‘:tFWPB?jJr g&ﬁsg‘b("i‘ Red gP"ﬁ%O 3 %’F%@Wﬁlg#‘:éstlg?n %gﬁ?gatsﬁée Wa%aéuet%fﬁ%ct i on
Unit 29 TRefabtbedi@nchhe Qlifafbn aftiodnbiiag Eeidodalde st Fidbeebdesithe Gasn be

i npl enented in either software or hardware. 25 Many nodificatjons will be

appar ent b#ch pbaidotsymbplsds ppplieddo dr secqid; psi ofgriloh synbeys. asrsgran 196 f&ieFi ¢ and
f teol t) " T
2001 LA 5, LR RN o

of demodulated pilot symbols based on the frequency offset characteristics in the signal

received by the MSR.

15
Although the frequency offset estimation performed by the Frequency Offset
Estimation Block 40 is shown in Figure 4 as a separate hardware block that is coupled to
components in a Rake Finger 12, the components in the Frequency Offset Estimation
Block 40 may be integrated into other components of the Rake Finger 12. For example,
20 the functionality or components in the Frequency Offset Estimation Block 40 may be
integrated into the Pilot Correlator 23 or the Phase Correction Unit 25. The frequency
offset estimation method described herein can be implemented in either software or

hardware,

25 Many modifications will be apparent to those skilled in the art without departing

from the spirit and scope of the present invention.



-24 CLAIMS: 1. A nethod for estimating a frequency of fset between a receiver
and a transmtter, said nethod including the steps of, 5 (a) receiving a
first signal fromsaid transmtter and denodul ating said first signal; (b)
per f or M NGudod @G MERNGYen SRk lz R =S Ausf | St signal by a predeterm ned
frequency factor to generate a second signal; (c) filtering each of said
first and second signals; 10 (d) determ ning the power of each of said
filtered first and second signals; (e) determ ning an upper corner frequency
val ue of said first signal using the % term ned power of said filtered
first and second signals; (0 determ ni- g'a | ower corner frequency val ue of
said first signal using the determ ned power of said filtered first and
second signals; and 15 (g) determining a frequency of fset based on said
upper cor%@#*&ﬁ%quency val ue and said | ower corner frequency value. 2. The
met hod of claim11, wherein step (e) includes: performng a conparison of the
power of said filtered first signal with the power of said filtered second
signal, ard if Asmiethod(oxenipaiting anrdqaecioyadfisst bdtaterna redebier pnddeatapsmitieed
condition i.§ not satisfied, performng a first adjustnment of said frequency
fact or anamaQ%%%Fﬁﬂ8“@P%§@=%%&050 (d). 3. The nethod of claim2, wherein if
sai d copari sofw)i Ndieakap 4 Hrdt sidial Fioks Said Rraggeiter Bhdeemenstidd eiid iffest
satisfied, performng a second adjustnent of said frequency 25 factor. 4.
The net hodigstl; cl ai m 2, wherein said conparison includes determ ning whet her
the power of id filter S i | 0 S aid
filtered first igng%h)mﬂﬁ?ﬁpﬁ%@%ggiSgﬁﬁpgd§¥%s%?h% 9@0??2%??%%&?§%F§r. 30
5. The neflequknof faxkaittngéherasdiesexiond signad; fi rst adj ust ment of said frequency
| 0 comeat il

Lo o G W YT RIRYWch Be 004 5L b sc ¥ ngoalsPOVIGPAK! - V211122] 5270 sped

10 (d)  determining the power of each of said filtered first and second signals;

(¢)  determining an upper corner frequency value of said first signal using the
determined power of said filtered first and second signals;
® determining a lower corner frequency value of said first signal using the
determined power of said filtered first and second signals; and
15 () determining a frequency offset based on said upper corner frequency value

and said lower corner frequency value.

2. The method of claim 1, wherein step (e) includes: performing a comparison of the
power of said filtered first signal with the power of said filtered second signal, and if said
20 comparison indicates that a first predetermined condition is not satisfied, performing a first

adjustment of said frequency factor and repeating steps (b) to (d).

3. The method of claim 2, wherein if sald comparison indicates that the first
predetermined condition is satisfied, performing a second adjustment of said frequency

25 factor.

4, The method of claim 2, wherein said comparison includes determining whether the
power of said filtered second signal is less than the power of said filtered first signal
multiplied by a predetermined correction factor.

30

5. The method of claim 2, wherein said first adjustment of said frequency factor



-25- conprises increasing said frequency factor. 6. The nethod of claim 3,
wherein said second adjustnent includes subtracting a predefined control
factor, X, fromsaid frequency factor. 5 7. The nethod of claim6, further

i ncl udi NQ cPREFOLD IR GercBen BBIRBL: IS QR Ot he control - factor, X wth a
predeterm ned accuracy |level, wherein if the conparison indicates that a
second predeterm ned condition is not satisfied, said first adjustnent is
performed. 10 8. The nethod of claim?7, wherein said first adjustnent

i ncl udes assigning a new value of X12_.to said control value, and adding the
new control factor to said frequency “f ctor before repeating steps (b) to
(d). 9. The nmethod of claim7, wherein said conparison of the control factor
with the 15 predeterm ned accuracy level is represented by X = 2-a, where a
is a predspaprifesérFreasinggaid fregpengl dactethan zero. 10. The nethod of claim 1,
wherein step c) includes |ow pass filtering each of said first and second
signals. 20 11. The nethod of claim1, wherein step f) includes: performng
a conpari $on ofThe hmethqlbmér:labﬁ 3 aitdbrdin Istidr edorfd adjustsieginmicludes hulittastinpwer  of
said filtered.second sign and if.said arison indicates that a first
pr edet er mpﬁeéiaﬁ%WF?loﬁqué)%ngssﬁﬂ §Efqi‘181&°yfccg? orming a first adjustment of
sai d frequency factor and repeating steps (b) to (d). 25 12. The nethod of
claim11, vvherel nif sal d cgggarl son indicates that the first predeterm ned

condition’is s r~ §¥5‘|t  of Fdaimob. IR Ber Analuding gerionming AsAmPatsanaTdhe cagfitincy
factor. 3Q,43. x %ﬂ%@erﬁﬁneﬁla@ d}'hé'llevé’lhﬁﬁ@rbzﬂ i eleho ﬁgﬁﬁ%ﬂ ﬁﬁﬁaﬂeﬁ‘%a‘t‘ges

det er m ni ng whet e power | tered seco si gnal | ess t han
t he power sefond aredetl’enhmed echditiongs n@tlsgnﬁ'iedﬁald\/ﬂm?mbﬁerﬁpwfafwmﬁdxt ts Fil-COnr
| E5, YQB6AKLVZg221 527n sped M. Eac-2Q(] 1)3 -26 nultiplied by a predeterm ned
correction factor.

10 8. The method of claim 7, wherein said first adjustment includes assigning a new

value of X/2 to said contro! value, and adding the new control factor to said frequency

factor before repeating steps (b) to (d).

9. The method of claim 7, wherein said comparison of the control factor with the
15 predetermined accuracy level is represented by X = 2% where a is a predetermined integer

greater than zero.

10.  The method of claim 1, wherein step ¢) includes low pass filtering each of said first
and second signals.

20
11.  The method of claim 1, wherein step f) includes: performing a comparison of the
power of said filtered first signal with the power of said filtered second signal, and if said
comparison indicates that a first predetermined condition is not satisfied, performing a first

adjustment of said frequency factor and repeating steps (b) to (d).

25
12.  The method of claim 11, wherein if said comparison indicates that the first
predetermined condition is satisfied, performing a second adjustment of said frequency
factor.

30 13.  The method of claim 11, wherein said comparison includes determining whether

the power of said filtered second signal is less than the power of said filtered first signal



14. The method of claim 11, wherein said first adjustnent of said frequency
factor conprises decreasing said frequency factor. 5 15. The net hod of
claim 12, wherein said second adjustnent includes adding a predefined
control f agb@drmmbpmbi@ms il bi:@a@ReH-f act or. 16. The nmet hod of claim 15,
further including performng a conparison of the control 10 factor, X, with
a predeterm ned accuracy |level, wherein if the conparison indicates that a
second predeterm ned condition is not satisfied, said first adjustnent is
performed. 17. The nmet hod of claim 16, erein said first adjustnent

i ncl udes assigning a new value of X12°t0o said control value, and
subtracting the new control factor fromsaid 15 frequency factor before
repeati ng steps éb) to (d), 18. The method of claim 17, wherein said
conpar i sofuliplied by apredebrmingd copreshipR ficttie  predet ermi ned accuracy |evel is
represented by X = 2-a, where a is a predetermned integer (greater than
zero. 20 19. The nethod of claim1, further including the step of

determ ni 4 a The atethwe sfeleich df. whereinr ik fivse adivistorent of eidt frequendye factor
transmtter baseg Qn thesﬁﬁ ermn L(pper and | ower corner frequencies. 25
20. A syst¥RPHST ‘et é%gu?r}cg fieficy of fset between a receiver and a
transmstter, including: a) nmeans for receiving a first signal fromsaid
transmtter and denodu] ating id first signal; b) neans for performng a
frequency1%hi f?h‘?)rmf‘é‘%ﬁ‘{j Ogicll%lﬁl iﬁgWQFTeﬁys"di SEPTSE AHUTBIH h‘é@i“ P HAERCY fact or
to gener ahgqen RAcORISEABRl; hid frddublcyBams for filtering each of said
first and second signals; Clk NDONB-Te . poetry fnunet

Fi | esl Cont enLI e9WYQ AKL. VZI 122 L7270 aped #3.doc-2Uffi K3 -27 d) neans for
det er m ni th ower .,of- each .0 aid fi r irst .SEeC ,gmal s;
and e) prg@'essi?g%mglﬁg Off 8?3”8&%;%%%‘% %ﬁluﬁ%ﬁ? ﬁglﬂ{ljméév%%%cﬁoﬁer ?gg{t}%ﬂcy

val uesd factor, .X, with a predetermined accuracy level, wherein if the comparison indicates that a

second predetermined condition is not satisfied, said first adjustment is performed.

17. The method of claim 16, wherein said first adjustment includes assigning a new
value of X72 to said control value, and subtracting the new control factor from said

15 frequency factor before repeating steps (b) to (d).

18.  The method of claim 17, wherein said comparison of the control factor with the
predetermined accuracy level is represented by X = 27, where ¢ is a predetermined integer
greater than zero.

20
19.  The method of claim 1, further including the step of determining a relative speed of

the receiver with respect to the transmitter based on the determined upper and lower corner

frequencies.
25 20. A system for estimating a frequency offset between a receiver and a transmitter,
including:
a) means for receiving a first signal from said transmitter and demodulating

said first signal,
b) means for performing a frequency shift on said first signal by a
30 predetermined frequency factor to generate a second signal;

C) filter means for filtering each of said first and second signals;



of said first signa

using the determ ned power of said filtered first and

second signals and 5 for determning a frequency offset based on said
determ ned upper and | ower corner frequency values. 21. A systemfor
est i mat i NGuawdhaienty.affoelnatwean a receiver and a transmtter, t
system having neans to performthe nmethod of any one of clains 1 to 19. 10
22. The system of claim 20, wherein the receiver is a rake receiver.
system of claim 22, wherein the rake receiver is housed in a nobile station,
15 24. The system of claim 20, wherein fhe transmtter is a base stat

transmtter. 25. A frequency offset est

a nobile station, conprising the systemof claim?20. 20 26. A nobile

station having a frequency offset estination nodule conprising the

of claim20. 29. Thaesnstpt detemainingrihe poweragingaghs of whidridiered et agd secand
conprisesggﬁgp%néor perform ng the method of any one of clains 1 to

10

15

20

€) processor means for determining upper and lower corner frequency values
of said first signal using the determined power of said filtered first and second signals and
for determining a frequency offset based on said determined upper and lower corner

frequency values.

21. A system for estimating a frequency offset between a receiver and a transmitter, the

system having means to perform the method of any one of claims 1 to 19.

22.  The system of claim 20, wherein the receiver is a rake receiver.
23.  The system of claim 22, wherein the rake receiver is housed in a mobile station,
24.  The system of claim 20, wherein the transmitter is a base station transmitter.

25. A frequency offset estimation module of a rake receiver of a mobile station,

comprising the system of claim 20.

26. A mobile station having a frequency offset estimation module comprising the

system of claim 20.

27. The mobile station of claim 26, wherein the system comprises means for

performing the method of any one of claims 1 to 19.

he
23. The

i on

fmti on nodul e of a rake receiver of

syst em

19.



