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L0t e e e e *166166* | nprovenents in and
relating to Receivers for DPSK Signals Field of the
Invention 5 The invention relates to performng uni que
word detection and frequency offset est
recei ver for DPSK si gngl s. Inqparticular Hmmmmml‘"“mw
invention relates to an apparatus and methoddgpr
perform ng both unique word detection and frequency
of fset estimation. io Background of the Invention
PhaselrBhidverfeptsin éHBPf)alzﬂnd%Ebﬁe%reWBﬁs%rﬁlﬂSR Signkls
Keyi ng (DPSK) nodul ation enes are wdely used i n
wi rel ess comruni cation. |In DPSK, tlhe phatse ?L thﬁ
r etely varied in relation to e phase
%H d,ﬁrhel Iﬁvgglﬁghel y >|c/)reced| ng signal element and in
Tzﬁl@dovelratimereu&aﬁeb tbfrmrﬁn'tr&n@&lmrgJelﬁlotcﬂ desgdtioneshd frequenc offset
%ff rential ng g)r %ﬁhase Shlft Keyi ng ( DQPSK) '
' gPBH‘P i%afe HQE PSI Signals, ﬁf%@gﬁsmth@rfvwﬂ rE;Iates to
a B\on r
R T R Yot PR Bt ArHGUE Yol ' edllon ang
fregtipnex pisetesiimatiqruni que word) detection. 20 o
Regar di ng frequency offset estinmation, when receiving
and de-nodulating a digitally nodul ated signal, an

Bafs;k'grratmd ofehkilagenfiohhe received carrier frequency
used to recover the signal. ldeally, the

Pf'laéﬁs hift eK%'@Eer(Bﬁé@ @n@arwlﬁérerﬁlaijnﬁhase hS:hleXKey?gat(DPSK)
are
T o e 8 s B GNS CoRe LRt o DPBK, the

phawu@‘n(ﬂye ¢doviev s, discreteBunagieds in Mreldtnt t@NEHE tdrﬁarse of the
ce| ver 880I | lators, along with the effect of

rERIER Y STereRRg, SiBBsL PemanicaRd e aacoEdAnase it thsedata being
trhhsiited I eHERMYiaPf TRElr ‘Jflt%re ORR! V?p]lﬁndlégyzogﬁﬂgtcg&ék) and

conpensated for, the perfornmance of
Diffarentia! Bjéﬂ]aﬁ@eah@'i@eymg (DBRSKpdresathealam@iormot be
recoverable. In 30 frequency offset estimation, an

estimate of the frequency offset error is nmade and
wsaﬂnp@rtéﬁt%tdﬁﬁ@#e@fﬁséém%ﬁhiﬁtloﬁoéf &6 | RBeRRH/ é?&e are residual

conpensati on, So as
frequency offset estimation and UW (unique word) detection.

Regarding frequency offset estimation, when receiving and de-modulating a
digitally modulated signal, an estimated replica of the received carrier frequency
is used to recover the signal. Ideally, the transmitter generates a carrier signal
that exists at some known frequency and the received signals are then
demodulated at the receiver using the same known frequency. However,
inaccuracies in the transmitter and receiver oscillators, along with the effect of
Doppler Shifting, result in carrier frequency offsets. If the frequency offset is
excessive and not suitably compensated for, the performance of the
demodulator will be degraded and the original signal may not be recoverable. In
frequency offset estimation, an estimate of the frequency offset error is made

and used in frequency offset error correction and/or compensation, so as to

T
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112111222222 000 b000EE 1H0EDE ~~~~ ~I1~
*@0002* 2 . Conpensate for the frequency difference
between transmtted and received carriers. Regarding
UW detection, the UWin a slot is a portion of the

sl ot used for 5 synchronizat(on and/or
identification. UWdetection is popular in TDVA bur st

AT O B LRGSR LT rocobed

carmmgbbes the receiver to ascertain the type of slot
and to synchroni ze the synbol timng. io The system
descri bed in "Personal Handy Phone Systeni, AR B

giabduw \Ritsdt : 'Yot2f203, pdti
I--{r%%llapi on to acﬁjihéjtg% %E%?is‘{nm %aéhpéﬁ'gﬁ élfl ﬁ%ﬁ%r%sed for
syachieoEatioarandiar (dehtification PV aetectitmdly plepaite in TDMA burst

Rl s T WS SrdealiCatiing Y tanih% otine siot

i) Detertihgane VW §AB68bridbléd e i&é}econ%;tg ajr) the type of

transm ssion rate from 32 kbps to 64 kbps a

slat apedpisyarfroniaseths sitmbeltiningr e for the Advanced
Personal Handy Phone Systemis shown in Figure 1. The
slot conprises a first portion which is 4 DQPSK

Timedsysterd descriva iis i FPereondlcHahbe PHshd\gystérel” aARIBO8thndard,
portion which is 4 DQPSK 20 and/or QAM nodul at ed,

ha . : . ' b .
VRTR 60 ot POROTRELO T IS SR LSRN SIS ovs i
ortion of the slot where nothing is being .
egP{ém% -t Ne@; MARE saghansed: ¥afsien t(Aelvppeed diersonahttandy Phone

i f O j - |l
STETRY 18 SN (oSN QUG A SRR Bl RotiiPhy ShiRs aAm (os-
state (B@dodtu@MVAspliudes Modulation)f areraintrodu2dd Sté Emidrease the

A nor cur,at enodul ation is required
‘rgﬁ%@essﬁﬁﬁat? 500 B2 § @k epnpme Do hsespentvay ve
to errors in frequency offset estimation. Figure 2
shows a known way to estinmate and correct the
The slplesitictyerfoethe Asivaneed Pepsenal HandyaRhene Bysidralis shown in
Conmruni cati ons, "Chapter 6: Carrier and synbol 3
Figure 1. The slot comprises a first portion which is %DQPSK modulated,

comprising a preamble and UW, and a second. portion which is %DQPSK

and/or QAM modulated, comprising the information stream itself and a number
of GT (Guard Time) symbols. The GT symbols represent a portion of the slot
where nothing is being transmitted; this helps combat the problerﬁ of inter
symbol interference. The receiver usually performs quick algorithms to
demodulate the burst slots and the use of QAM symbols in the information
stream means that a more accurate demodulation is required since QAM

(particularly 64 QAM) is rather sensitive to errors in frequency offset estimation.

Figure 2 shows a known way to estimate and correct the frequency offset, as
described in Proakis, Digital Communications, “Chapter 6: Carrier and symbol
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synchroni zation,” McGawHi || International Editions,
Si ngapore, 3rd edition, 1995. The received signal is
represented by Ir and Q, Ir being the in-phase
conmponent 5 and @ being the quadrature conponent.

Bl ock 201 perforns differentizal detection of one

synbol span, with each synbol having an order k, i.e.
1 1 n
sﬂ’rﬁKHf%)m%atlérk) Mc_@{f?@-Hﬂl %gem%(&r{g %g{t 33]1%1 %Qr&gazqﬁe 3 edition,

198Pforms a frequency correction using a previously
estimated value of the frequency offset A' (using a
frequency offset estimtion algorithm to conpensate

' Therretdieed isfgret @ﬁép?éséiﬂé@f%&' Ioé‘n@@i PPbelnE"'tWé ih %ha%@'c%mponent

correction 1s 15 perforned the different
a@l@t@ctb@ﬁgom%ml@d&ﬁt%ﬁ @@ﬁpahﬁnfer%né.’jMofpbsfetms differential

3 |s a flrst st age of
oBlclcn oTDRCSOEREASAR, Ay BEBE PR e b0 Blagr o e,
Qd(k)si no [ 3] 20 QC(k)— Qd(k)cosO - Id(k)3| no [ 4]
@— ZZﬁf ? ck 205 uses hard deci sions for
‘Nfé Y i) ghal@ (), totBke 1c and ¢ towards the
X-axi s of the first quadrant Thi s deci si on-based [1]

rotation block may or may not be included. 4 Bl ock
207 is an accunul ati on bl ock and perforns the sunmm ng

Q) oty bk -and — Qrskypks1) K1 to = ~ Ih
2]

Block 203 performs a frequency correction using a previously estimated value

of the frequency offset A ;' (using a frequency offset estimation algorithm) to

compensate for the differential detection output. That is, this correction is
performed on the differential detection outputs which contain frequency offset
error. The correction at block 203 is a first stage of frequency offset error
correction.

I(k)=1,(k)cos¢ + Q,(k)sing
[3]

Qc(k)= Qd(k)cos¢ - Id(k)Sin‘p
(4]

where ¢ =27A 'k

Block 205 uses hard decisions for the | and Q signals to rotate |, and Q.
towards the x-axis of the first quadrant. This decision-based rotation block may
or may not be included.
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o[5] 5 K1 '"10, [6] where Kis the nunber of
synbol s used for the frequency estinmation. Because
the synbols are spread around the x-axis, sumrng up
the I and Q actually io gives an average | and an
average Q (If there is no rojation block 205, the
accurml ation block wll sumlc and Q.) Bl ock 209 IS

k and conputes the ang
BRELICRG B of R L G0 Bl o ReMaTES 268 sl up of the I and

Qesjgaaisons [ 5] and [6]. Since tan of each is angle is

we have for the sumed | and the summed Q an average
angle wth respect to the x-axis of: arctan Q [7]

20 gFhi s angl e corresponds to the secondary frequency
Iptf3et, error O f" which was not used for correction

at ock 203. Block 211 is a frequency offset [5]
cal cul ation bl ock and updates the frequency error

of fset, to produce an inproved estimate Of"inp, by

addiqng the secondary 25 frequency offset error from
Q.ledc@nput ed average angle i.e. 5 O f '"inmp =0 f +Af
[8] °Af is smaller than O f' so this update represents [g]
a fine tuning of the correction already nade at block
203. 5 Figure 3 shows the known basic structure for

whleteeKtisdhe rilmebgresesyhboldagsddfortte FRIPANGY t
t he received sanpl e and hence decll%g’(Pi H\P{]Because

bits
g, SWBWO%\/W% Spraackafoungdethe xrags .t sUPMjog airBthe heand Q actually

g|0§§%d’§0e§d RlankSaR YRk é%grg ?rﬂ%rgﬁ‘s?%o kéﬁ?ﬁgﬂe&bk 205, the

| ock 301 Jses a conpari n I
accumulatlon block will sum I and Q¢.)

Block 209 is an arctan computation block and computes the angle formed by

the average | and the average Q from equations [5] and [6]. Since tan of each

Q

angle is ' we have for the summed | and the summed Q, an average angle

with respect to the x-axis of:

arctan[ 2 :I
‘[a
[7]

This angle corresponds to the secondary frequency offset error A" which was

not used for correction at block 203.

Block 211 is a frequency offset calculation block and updates the frequency

error offset, to produce an improved estimate A, by adding the secondary

frequency offset error from the computed average angle i.e.
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io the received Ir and @ with known UWbits. The
conparison algorithmis usually a bit to bit

conpari son or synbol to synmbol conparison. Bl ock 303
.makes the decision as to whether UWis present or

not. The decision making is usually a threshold
conparison function. 15 Figure 2 and 3 show the prior
Aant aprangements for frequency error estimation and
UMFdet éction respectively. It can be seen that [8]
frequency estimation and UWdetection take up a
consi der abl e anpbunt of denodul ati on.resources and any

A MPisETRAEthan MhihhUbdate@Bres dHOBRE dubiff 6 e irection

fore denpdul ati’on resources t e spent on

aleaddm=ald stblbéleebs, woul d be useful . 20 Summary of
the Tnvention It is an object of the invention to

provi de an apparatus and nethod, which mnitigate or

' vercone. t he probl eng, 0 rior art i ,
PP IR e B18k BYSie 0600 T Cetpiiah die gpae idea s
toéornpard RVEWh IUW Bis Wite thél feddiva Bampldiand hedidd d&ﬁﬁ@%hether
for perform ng both frequency offset estination an

op A1 udWad® drregenie cRetairing toafigirrgi Ag the reckivest signaéds again

. ; ti t i id t f.
Slreb RPN AR Q. BRER 101 RE8Y ¥ SRR o i s compare
trestdoeitedoin ahdrQawitie kabwarUW bits. DREKceingaaben eagarithRi ROusually

i.n-phase | and quadrature Q conponents for a 5
a T R PF cpmatarispall S/RbOk IS pBar semBatemnr Block 0% makes the

bEfRI i £ rf ' i f ' .
OEEEER] 015 S couets RS, o B 45T il o oty
thegshold gofmpagisendynction.ect or for performing an initi al
correction of I and Qusing a previously estinmated
val ue of the frequency offset; 10 an accunul ator for

Figues @gang 3 siicw tREQHios YaFP alrakgBMRIntS féH imati
g‘w@&n‘ool s, where Clghl s the rr?uﬁ‘oer nof f(gl ﬁ%@ﬁl%@{rﬁgestlmanon

. : y
anghi e@@\i@ﬁﬁoﬂ depeectiyeliedt ean e seeoutial dteguehoy estimation and
URAY detttitP Qkfeoﬂp eaaegnﬁﬁgpa%le karr%/l%t ct>th gel%lo\égpat%%npees%urces and

any implementation which would reduce complexity and allow more

demodulation resources to be spent on the demodulation itself would be useful.

Summary of the Invention
It is an object of the invention to provide an apparatus and method, which

mitigate or substantially overcome the problems of prior art arrangements

described above. It is a further object of the invention to provide an apparatus

and method for performing both frequency offset estimation and unique word
detection.
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K of synbols; 15 a frequency offset estimation bl ock

for calculating an estimate of the frequency offset
fromaveraged | and averaged @ and a uni que word

detection block for determining, fromdifferentially
detected I, differentially dedected Q averaged |I and
averaged Q whether or not the unique word is present

in a received signal. 20 The differential detector,

the frequency corrector and the accunul ators are

Acharding betawfiest abpecﬁtuoﬁlﬂn@nav@ftldrhethéreequ:rr@yld@ﬂf§;§{§aratus for

The f
&L oG ae Yo qirtnedbropnd Bieaushraiisahesimalion for a receiver
fdtnDFP@fK ‘é@rnéléj%bﬁﬁiris% % hE@é oéﬁ@qb Jddrddife '@ ?&Wents for a

of fset estinmation 5 an t he que wor
plusaldy of simbotsck, m@sﬁmfatksl samtigisggr eat ly sinplifies

ot ot SRelatE! GBRcio T BristnbBc Matsriiel stecsie, o recsived

sigmabolerspgivedlsyasolspanel . 30 Typically, the
%rew ouslggl estimated val ue of the frequency offset

will arféﬁﬁwe@@mor@mrnf@rmrf@gmm anﬂmléqujecnrwctmfnf sfeltand Q using
ZJ%{/IHB% %nmé@g'v%m heFPeg%Jenggu . of f set

tation block for
cal cahaﬁacnmwahter wtgé\&erégrrigﬂdfobba@lﬂ%yﬁﬁﬁﬂ K o8t% given number K
ver n’f S a frequency offset calcul ation bl ock
"@%%u herad<t'RethesNumbtes of symbols eQutis\«?cynmesmord to be
dgfe%fgds the angle forned by averaged | and averaged Q
Preferably, the conputation block performs the arctan
f uncah @ectimulatar torl averagingt® oraemgtesyraboekl obgr theegiage humber

n eraged Q The conputation block may perform
t%%yg}bﬁfs‘an function using, for exanple, a CORD C

(Cooédﬂrétm&dﬁobﬁﬁétoéstlﬂn@tlaw abibak f@%‘l&ﬁét}ngalagp@sﬂrﬁg}e of the

or a Look Tabl e Zﬁal gorithm The unique wor

freguenay @fﬁ%ﬁ@@kayﬁ@% d evefadese: aadfirst portion
for gepgy i lr\gor% fddisteidRehRt kd?c?renode%gtt‘mf?ung, from differentially

di fferent
detected |, differentially detected Q, averaged | and averaged Q, whether or not

the unique word is present in a received signal.

The differential detector, the frequency corrector and the accumulators are
shared between the functions of the frequency offset estimation and the unique
word detection. The final stages of the frequency offset estimation and the
unique word detection are performed in the frequency offset estimation block
and the unique word detection block respectively. This greatly simplifies the

construction.

Typically, the differential detector will perform differential detection over a

symbol span of one symbol.

Typically, the previously estimated value of the frequency offset will have been
estimated using a ‘frequency offset estimation algorithm.
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detected | and differentially detected Q@ 15 a second
portion for generating a second factor dependent on
averaged I and averaged @ and a conparator for

conparing the first factor and the second factor to

determ ne whether the unique word is present in the

recei ved signal. 20 Because K is the nunber of unique

word synbols, the unique word detection block

effectively | ooks at each received sequence of K
Thenbreqjseroydoffstteestimation Wiedk AiayoEom@tise NhScSTREURRBA block for
[ ual to t e#ml ue word and therefore determ nes
Cﬁf‘\’éﬁi@rg the arele:iREmeHi Ry avaraaed kapd cavenaged ;| andaefrequency

offabogi iont ' - ' op the
MR ptgn B Idrg a1 e ERERE BEtnd Beblifinpy ofipet from
the angledormatiiby akeregee tl aqd @veraded @econd factor is
dependent on the square of averaged | and the square

of averaged Q The first factor may equal the

mm&pm&wmdﬁ@%ﬁﬁl&@ﬁ&%é“c'ﬁ% %frcttahefungﬁoﬁ P Siculating

of differentially detecte and the square
the pneleciarmad by eeeragest! andiaveraped @atke dohepdtatish block may

i i . d ] K
oBREHH 8. Sk KON G S of CoRBE- TBbesaingte Rotation
Ditgitat Comdp liter paigeriding obhatiokf Op T%B@(ﬂ@g)[)%‘lggl;itf}r%r

differentially detected Q an addition
addi ng the square of differentially detected |I and

re ! q 4
The S EWerdLpfeckbREAEIN Biekdralfy fEMBHS S St | on over
5 tsyabﬁrl(i%Ipﬁrtidédnffosmrm‘raﬁdigéfasg}ﬂﬁ Qac%ri déi lfeﬁﬁgﬁttnbhsbgﬂérentially
c 1e square of differentia et ect e
d .GC%%%"%Q?%W@M tegled @qual the sum o1¥ t he square
of ayeeasnd plorlfi’cﬂ}dfdrhg%ne?é’t 5 s‘éfcoﬂﬁqgagﬁgeé)en%}?té%ha%gﬁraged I

case, the second portion of the unique wor
apgl g¥Rraged Q@oapdi se a first bl ock for squaring averaged

i 21 o Brai 16 chilpeRB s 8l RERa and Pavaseant factor to

detedmireewhgtirir eh® Unfiey WERMis PrebBnti '
enbodi nent, the first factlgfbries r&ege}ﬁggﬁ%&g‘%&%ﬁga"

absolute value of differentially detected | and the
Ba8sMe keisViRleUsumbel 'of R Wk Y5 RSS! £ %i%ﬂg word detection
block effectively looks at each received sequence of K symbols and determines
whether or not this sequence is equal to the unique word and therefore

determines whether or not the unique word is present.

In one embodiment, the first factor is dependent on the square of differentially

detected | and the square of differentially detected Q and the second factor is

dependent on the square of averaged | and the square of averaged Q.

The first factor may equal the summation over K symbols of the sum of the
square of differentially detected | and the square of differentially detected Q. In
that case, the first portion of the unique word detection block may comprise a
first block for squaring differentially detected 1. a second block for squari'ng
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the second factor is dependent on the absol ute val ue
of averaged | and the 15 absolute value of averaged
Q The first factor may equal the sunmation over K
synbol s of the sumof the absolute val ue of
differentially detected I andgthe absolute val ue of
differentially detected Q. In that case, the first

OO0 ol L BB U551 3k P cverentary

detdated bandithé sgeatd aﬂ diffeckitiadly edtdcted @ SAE @ﬂdaé&@ﬁlklatlon block
bt ai ni t he absolute value of differentia

f%[gt"é'gt’éﬂ'”@ SUWRAYGTH VBT ot IYMRoladdi the sue @blst%e \aquare of
ut e
dtfﬁ«:‘réﬁtné]f d’ét&&t%ﬁqrgdogqh:e)’yscgﬂrs‘btf%g‘fééeﬁfl%lyt&@ect%% n@ -

val ue of differenti etecte an accuntl ati on
bl ock for performng the summation over K symbols of

f 25 diff tially
e s feclaninG Sabeb i sUometangrodiare dicaveraged | and the
sqedreCbPdvirager @eﬁloﬂ%tf%é)rthgaé/e%‘&aggﬁf&?\ P‘Fﬁé’furﬁ(ﬂ?e word

absol ute value of averaged I' and the sol u e valu
dgtectipprigek n@y camphise @étsel; bioki fsesqudrnp@ra\neom‘ged Ithesecond

R A A A X

aver esldcamﬂthlelsmkaré@f a0bi=Rjei @9 the absol ute val ue of
aveat@aged Q and an addltllta?n bl ock for adding the

absol ute val ue of averaged | and the absolute val ue

Irpﬁn %‘t‘t@Fr?élﬁ/@ &b IdimeMt ﬁ%‘ﬁ’r@ Patc? r I%P%ﬁd?étr{i‘ﬂ e §é§%‘HE? value

calculate the ratio of the |rs

of diffecentiafly deteqiad ¢ anbizherattsoiuteivialucohdieearaialy raiertiected Q and
enment, the predeterm ned. val ue

”‘r?a?e%%f‘ig?‘:tﬁy 5 9RRERIENt o ber ahadiUiesvalie el awragedd and the

Bsolb®) wLE 08 aRERRIgenNM ned val ue, the unique word is
aj u%lged to bea present whereas if the ratio is the

ot her of above and bel ow the predeterm ned value, the

t to.b resent. gue
THE BB ARl BUSR b BB e of e
abesoldteneslub et niifférentighyeaéReted Pafalths HHABIUE QU 6f dlfferentlally
ni que word, a frequency offset estimation

détj%tpfect ﬁsd ut&}?éyaéwt@etflrétswrﬁ@ﬂuqﬁrt gmqw@ werstidetectior block may
oRnBHpe aret pBek SRR W Bbatilfp 1404 CeeranEfefloctea
asecohe hlockefdri abtainirietie Bbsplue vaee e@ifferintaly Hetected Q, an
addition block for adding the absolute value of differentially detected | and the
absolute value of differentially detected Q and an accumulation block for
performing the summation over K symbols of the sum of the absolute value of
differentially detected | and the absolute value of differentially detected Q.

The second factor may equal the sum of the absolute value of averaged | and
the absolute value of averaged Q. In that case, the second portion of the unique
word detection block may comprise a first block for obtaining the absolute value
of averaged |, a second block for obtaining the absolute.value of averaged Q
and an addition block for adding the absolute value of averaged | and the
absolute value of averaged Q.
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s performng unique word detection for a receiver for

DPSK si gnal s conprising in- phase | and quadrature Q
components for a plurality of synbols k, the _
apparatus being arranged to receive, for each received

| and Q a differentially dejected |, a

differentially detected Q a processed form of the

received | and a processed formof the received Q

t he apparatus conprising: 20 a first portion for
Thermanaparatpramay rbst arfranged tol eatsutketsttheratlo fdfene Hrétafalcyor to the

SBENTE dRCtob L Ao AT hAtERtlon 0ot BredRiganient valve. In that
aﬂéﬁg@m%ﬂ@l thé p?&ﬂ’et@FrﬁFrFé?ﬁ%luQ daﬂﬁe L BIRAL Ol tfné’{%uo is either

onparing the first tactor an e secC
aQ‘BVQlé?trebﬁDWethmelrhéeteammcqwalumrt(del snllqueswotd lig jiblged to be

f bl es | has been
PBEE! WS4 M the ralig i€ i otfteridl atlive; and beleveia predstermined
valbe mqmq@éimmn@]udg\e@rn@t teipeeires¥Aol  span,
frequency correction and Q using a previously

estl mat ed val ue of the frequency of fset; and 30

mb mbol s K,
T SHIA O e el L PNRER, Pl i s ooen
detectsd, det deterthind Ofror§ii the addt¥ctedr 8hraPWOrd! IElefrequency offset

SS as been generated by the steps o
Frf?g@qrénfh|§| ey eRey 6’%5@¥ eﬁﬁ@‘ﬂ*’@@e""@édbgl gged 8@vthe @reviously

eﬁirﬁﬁt'édsxbérm@bf ﬁ@l‘ﬂequér?év‘ at #Ps frgg@é&%ég&(g Eﬁcg

using a previously estlnate val ue
of fset; and accurul ati on of Q over a given nunber of
wher nunber of synbols in the

Aééfﬁrfﬁf*r@ \85? &%8”%@%?@?&%’?3&65 inyendae. Hiaseds msavidedapparatus for

pdrfdraiing anidie WerdlaBRRE8A 0L rbbsvS KR TP Sk signals comprising in-
differentiall detected I and the square o

Phaser dr and | quadratirec & é@r@mﬁmtsh@rsecpMalﬁtacbbrsynsbols k, the

ed |I. an
e E0AN o bl el RSS20 A e d B Srentay
detactedt|j andiffsrenti|y Yebtsdted @, 4 bﬁo@éé%beffoﬁrh%f tREY8E&SVAd | and a
tially detected | and the square o0

PfgngsgdZ%'matP fithe Jeceived Q2 dhe apperatur qomrl'reenmunber of
Symbplfgst Poktith Yo¥ GuReltig BEHAY AEIFChESenddht! 07 dlfferentially
detected | and differentially detected Q:
a second portion for generating a second factor dependent on processed
[ and processed Q; and
a comparator for comparing the first factor and the second factor to

determine whether a unique word is present in the received signal.

Preferably, the processed | has been generated by the steps of: differential
detection of the received signal over a given symbol span; frequency correction
of I and Q using a previously estimated value of the frequency offset; and
accumulation of | over a given number of symbols K, where K is the number of

symbols in the unique word to be detected.
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case, the first portion may conprise a first block for
squaring differentially is detected I, a second bl ock

for squaring differentially detected Q an addition

bl ock for adding the square of differentially detected
I and the square of differenpially detected Q and an

accunul ati on block for performng the summation over

Lff t
S abaagl o Bl 07 SR Beth BRABIERLL A rops o
differeatial e tect vonof thacréoeuvemmgmaﬂ alvet Begigermspinbbhepan; frequency
re oi 58 essed | and e square of processed Q.
opEch SL8ad TR pious eshiaisge aawprcpfsxeearefquemy offset:
aRY ogdcun®lil a 86 BT ngpéro‘éeéﬁéﬁ ﬁtggﬁe?%‘fo%ﬂn ({;(lgf S l'é is the

squari ng processed Q and

nufwes ¢fiaymbots iprtbe esdgue Womhtb baeleteptade of processed
25 Q In an alternative enbodinment, the first factor
i s dependent on the absolute value of differentially

irdehearabodinmmg, thieef
det ect ed gléand thé@gz%&gﬁ%%f ggé%fdmt Cg‘emee ﬁ%ﬂeﬁbﬂ %fllﬁferentlally

daiesirdt an h@es%fafﬁerdbE%r@ﬂtlall)adetedied CB(amalbtheI seawnd factor is

RN e s e R TN

absol ute val ue of di fferentl ally detected | and the
ﬁbsol u e value of differentially detected Q where K
€ Ak %ﬁSﬂFbEIaYofqui'/'nﬁtﬂ summatian aMer e swabglsef e sum of the

sé’@ér@céﬁgrﬁe? thé’@é%éjl Eldffhr Séq@é’lfe %)f@g%gerweﬁlgtdetected Q,

uni que wor d ction conp
WbBtﬁ:IK fsoilheonmrzmlbar o styhd)cﬁfba'olthé eIVl ovopd belng detected. In that

% t| aII det ected | a second bl ock f
% IoBsB1aY: SOTRrise rfirsf rlacke der §|Q|U§irlng differentially

déi%b&ﬁi Eda Qec@ﬂd wedk trheR Qéﬁﬁ# Jlﬁére%ﬁgll)?‘gieEm%aQﬁo'aHt Sddition

value of differentiall y etec
biggk for ;adding 1 thee saLare wf ddiffecardially detected dcanduthat square of

5 r he summat | Qv S
IR peRRES L EL e "t HE G lgREiack Iht pfging the
sufatrativadver 20 dyibolabs mejgmvaﬂ the é&uéibfcffednﬁ@rténﬁhhy detected |
%\Cgb’lﬁm ed Q _The second factor may equal the sum of
a suareaf differenfialbedetested Qand  the absol ute val ue
of processed Q In that case, the second portion of
t he
The second factor may equal the sum of the square of processed | and the

square of processed Q. In that case, the second portion may comprise a first
block for squaring processed |, a second block for squaring processed Q and an
addition block for adding the square of processed | and the square of processed
Q.

In an alternative embodiment, the first factor is dependent on the absolute value
of differentially detected | and the absolute value of differentially detected Q and
the second factor is dependent on the absolute value of processed | and the

absolute value of processed Q.
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uni que word detection block may conprise a first bl ock

for obtaining the 15 absol ute val ue of processed I, a
second bl ock for obtaining the absolute value of

processed Q and an addition block for adding the

absol ute value of processed 44 and the absol ute val ue

of processed Q Pr eferably t he corrpar ator is arranged

i rst ctor to
THE 8 THaB Snaladfl e RurhBibh; Seg, RGWiTglS o7 the' stim o the
apselite eahienafdditfetartially rde}t)étﬁéd Iadbrkﬁﬂﬁseﬁﬁé’tilutle% \Vl#tru]% orf grflf%rentrally
em dvIuerray e set by a user
d%Lecgﬁé 6 ﬁe”ﬂﬁ éﬂ@@?hq{eﬁyma@beln the umqm,ere/vord being

d\é’ﬁédﬂedslnl Hﬁg%gséotﬂéefu@f DN oM SRR wh Alk8n T Sock may
PR, ol §bule  wort Atctivy

the other side of the
campdisesa fitsd fbatkfot obt;amneg ﬂhe%:rﬁoluté&ame:@f dirff@gartti%llﬁl detected |,

2t BBRK ofﬂrfta?rfwégﬁﬁntbaeﬂltﬁ&rﬁﬂe?@%?éaf’érg%t'uaryddetected Q. an
atitRiaHesIek %ﬁé@@rng%b@dé rle lué‘?ffedr%&%ntr &E féc%;?ll and the

conpri sing in-phasSe ature
apseluta ,\{a}ue o¥f gm@nt@uy deh@ctfrdt Rodinco@pr estmgutdtion block for

pééf@rgﬁr\p thesgurﬁ?qa?@r ];cfvreg]}gi%yg?lg flggﬂiglgc;; %lgﬁgg ?%nggrﬁie 3alue of
dmrerémmwr@ta@teumandaﬂhecawoqa@fel Wudbf H.f@ﬂ@nt%uyfdfé?&téd Q.

previously estimated value of the frequency-o
c) averaging | for each synbol k over a given nunber

e RSP i She oSy Ao el TR ppiabched 1 and

they abebluke oatue tdfieprgtessech@ber that sus®otte Kec®ld portion of the
cal cul ati ng.an est ma]@e of the frequency of fset from

u 'gg?aé’é’rﬁd slggtion Ripglynay, camprisp aefiest iblark gfor febtaining the
absdlfiRy eatbadel b’ro€8§% ?da lsecghé fbﬁécﬁprdracmt%m%%ﬁ’rm ElsSute value

averaged | and averaged Q
W@Cﬁ?@e&r d3eand | an aaddlbOIHebkacketbrsragldaig the a!bedute value of

EEQ d | 5‘18%8 %ﬁgﬂ@é vapue &dprocesseéjbf ferenti al

tec I on,

Preferably, the comparator is arranged to calculate the ratio of the first factor to
the second factor and to compare that ratio with a predetermined value. In that
arrangement, the predetermined value may be set by a user. If the ratio is one
side of the predetermined value, the unique word is judged to be present
whereas if the ratio is the other side of the predetermined value, the unique

word is judged not to be present.

“According to a third aspect of the invention, there is provided a method for

performing unique word detection and frequency offset estimation for received
DPSK signals comprising in-phase | and quadrature Q components at.a plurality
of symbols k, the method comprising the steps of:

a) performing differential detection of a received .signal over a given
symbol span;
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correction and accumul ation are shared between the
frequency offset estimation and the unique word
detection. The final stages of the frequency is offset
estimation and the unique word detection are perforned
at steps e) and f) respectivwely. Sharing the mpjority
of steps in this way, rather than having a conpletely

: he t cesses, qgreat ,
ot o PP at AR L oReachf tdSartl QS BB iRl estimated
valeef afrthie figqlichte ogfsét;al detection over a given synbol
span rises performng differential detection over

o .
a Sy%%v@%ﬂg dfP%r@Csfyﬁmb.ol kpp¥ee paBivgn rRurBper of a;ymbols K,
. [ [ [ . . rably, st.e e
WRRIE KGR0 TR YR B U uniblip VB tae feipBRe
cal cdl) averagiran Qefor ieaeh sgl/o‘fbdl Ikeovier elae g Ve mirlhaeﬁ o{ §yfibols K;
d, |l d verage conprise. cal cul ating
the. Bngriet e A HEP e gelld aAtene, efiagbion aetbed | and
av@lagedai aggt he estimate of the frequency offset from
the angle formed by averaged | and averaged Q In
t hat flcdsterminiags frop afiffersintiallptdetgeteliel, 3differsritillf oderdted Q,

| and average may conpri.se using. the )
a\zér(rggéﬁr P%ﬁﬁc?Y%rﬁgFar cﬁ&%h% iHgeha ghe we psgsent in a
revetversignal. and averaged Q In that 13 case, the step

of calculating the angle nay be perforned using, for
exanple, a CORDIC algorithmor a LUT algorithm

PSRRIl RS BUTHETcP L BB e reuency

careeutinceand Hcsymbkitionangedairairad NbatvddIet Y REquENY  offset
matf ches the unique word. Preferably,

et P’ﬁ%“‘?’je uenﬁl%t B werd rdedastinm. f Eve finahistagease ob dbe drequency
i i e er age

oftset un LRt e uGhe st dore B B8k o iy & §leg™) ana

respeeiivaly Shgring tbenmajariy : ofgstepsaini this avdyi, riathdratizer having a

' i al d | d L
PRI el HrRERlarR o ¢bR o pinsesSancarnatyssimpiies the
methehdent on averaged | and averaged Q

Typically, the step of performihg differential detection over a given symbol span

comprises performing differential detection over a symbol span of one symbol.

Preferably, steps c) and d) are carried out in parallel. Preferably, steps e) and f)
are carried out in parallel.

Step e) of calculating an estimate of the frequency offset from averaged | and
averaged Q may comprise: calculating the angle formed by averaged | and
averaged Q; and calculating the estimate of the frequency offset from the angle
formed by averaged | and averaged Q. In that case, the step of calculating the
angle formed by averaged | and averaged Q may comprise using the arctan

function for calculating the angle formed by averaged | and averaged Q. In that
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and 15 conparing the first factor and the second

factor to determ ne whether the unique word is

present in the received signal. Preferably, the step

of generating the first factor and the step of

generating the second factonszare carried out in

parallel. 20 In one enbodi nent, the first factor is

cAS9 gy ONcAIE ARG SadrfAPLETidlhea JERESKEbiimple, a
C&RDKe afgacitron drea Ld&mdgorithm.on t he square of averaged

| and the square of averaged Q 25 The first factor

may equal the summation over K synbols of the sum of
Bebguse HURR" eOhudibkf of

square of differenti aleﬂl??/ Lgéeiwgcrtgec}/%%&g !;te?hg éf*b%tlvely involves
IOPK@QS%QG@H* rg@wedtsaqglenhe afi Kﬁynﬂlmis (Hndrdgtea:mmng sehether or

L differentially detected I,
”éﬂ‘ﬁﬁ%eﬁ di Ff ﬁ@ﬁ?ﬁéﬁ?&’”&’é{ Effj Q E':/lddi ng the square

of differentially detected I and t he square of
differentiall y detected Q and 30 perform ng summti on
Perferably.s§tepol) solofletermiring: droms rdifferandielly gfetected |, differentially

de t r&
déiﬂe%ger ent%\g% %éeget é@g g\q‘gag%ﬁ Qsplg?étﬂg? qﬁ% Anynipiye word is
prisehemnea tecdived shghabd:@dphsemd squaring differenti aI |y
det ect ed are ? rably carried out _in paralle
The 98YRYNYaft ?5 n%?t%rqlﬁ%peﬂﬁénkﬁﬂ d#'ff‘?'i%‘t@%a(ﬂ%te@ﬁed | and
dm‘é%rﬁm dbtémgdfc? 5 square of averaged Q In that
case, e step of generating the second factor nay

corrpgersefatlhg & sependffastquaieipegdent pagakraged duarid ageraged Q;
ﬁ%eraged Q and adding the square of averaged |I and
e square of averaged Q The steps of squaring

aver egrpaling ik f364t00 aAY e 8BEoRY MQoPICHSIARINE whether the
carried out in parallel. to In an alternative

URIRHB AYQrd s preseatin the rqo&d:\teé’rS'QBaldependent on the
absolute value of differentially detected I and the
absol ute value of differentially detected O and the

Pederanty, fthe tstep bf génprnitignthedirst feteband e siep) deg@ierating the

ed I and the
secondaf%ctor are carrtled out in parallel.

In one embodiment, the first factor is dependent on the square of differentially
detected | and the square of differentially detected Q and the second factor is

dependent on the square of averaged | and the square of averaged Q.

The first factor may equal the summation over K symbols of the sum of the
square of differentially detected | and the square of differentially detected Q. In
that case, the step of generating the first factor may comprise the steps of
squaring differentially detected |, squaring differentially detected Q, adding the
square of differentially detected | and the square of differentially detected Q and
performing summation over K symbols of the sum of the square of differentially

detected | and the square of differentially detected Q. The steps of squaring
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absol ute val ue of averaged Q 15 The first factor may
equal the summation over K synbols of the sum of the
absol ute value of differentially detected |I and the
absolute value of differentially detected Q In that
case, the step of generatingishe first factor may
conprise the steps of obtaining the absol utebval ue of
t t b ol
AR ARepld T ROugrod HBRMR G0l o Breferably
caisied| auttén paralelof differentially detected | and the
absol ute value of differentially detected Q and
perform ng sunmmati on over K synbols of thgosum ;fééhe
f

Tebse koot b GSHEL OSSR ool anc e
S%‘#%’SSOfo@VQTBQQﬁr@n@ tthhat mlthe&etepl mfeg@rﬂeratlng the second factor

rrnﬂrsé h tec#edl .and obtaang 25 th 4 Q and

Ao APt AAVErNY #Yerodet detxshiagng, averaged Q an
a@magethatdquwerdfl Bbragéd il iandP e kh8hre 3h§v§r%§ggd(af l”I‘Naosr,teps of

equal the absolute val ue of averaged |
Sqtr%'ngasgéwaﬂe@ | Ange sgraEng ravgsagel Q rarehpteferbly, ctahmd out in
p%ﬂ@l of generating the second 30 factor may conprise
the steps of obtaining the absol ute val ue of averaged

obt ai ni ng the absol ute val ue of averaged Q and

' d dth
dd' 5 relVe Riatediment hg dustiackigs gﬁgﬁaggstnwbgl‘aﬂeabwwe value

f i
LA b e

th@u%@QﬂdoEﬂQﬁd)ﬂ &l deperdentepn dhe calrgmautengalubeoff averhged | and the

he sec factor preferably 5 conprises
agsaqq@t ?Y]%ralggg -of the first factor to the

second factor- and conparing that ratio with a

redeterm ned value. In that arrangenent, the
T'%f 2'6%tf@f3¥ﬁrrf@a)’v%wﬂi tﬁﬁyswerr%lonbslvq Kseymbbls ofhthe auimo of the

sSSP B AE) Bleck ) Rha 451 LRSS B Sy

detacted (Dslnethaheasé)ethe\sté;b oh§enerdting tﬁéqﬁﬁtfﬁbﬂﬁr'ﬁ%{/ comprise the
he. u H&ue word is io_ judged not to be

StﬁP%Qgrﬂbtta'r‘fngt aRFeite walue Rhsiffasentialiv detested t,hebtaining the
atBtedvaRE ofr ifere U’ WeRAO§ Q, adding the absolute value of

differentially detected | and the absolute value of differentially detected Q and
performing summation over K symbols of the sum of the absolute value of
differentially detected | and the absolute value of differentially detected Q. The
steps of obtaining the absolute value of differentially detected | and obtaining
the absolute value of differentially detected Q are preferably carried out in
parallel.

The second factor may equal the absolute value of averaged | added to the
absolute value of averaged Q. In that case, the step of generating the second
factor may comprise the steps of obtaining the absolute value of averaged |,
obtaining the absolute value of averaged Q and adding the absolute value of
averaged | and the absolute value of averaged Q. The steps of obtaining the
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step of, determining fromthe detected uni que word, a
frequency offset estimation. This frequency offset
estimation may be used as the previously 15 esti mated
val ue of the frequency offset at step b) of performng
an initial <correction of | apd Q Features described
inrelation to one aspect of the invention may be

a@é’cﬂh é@@h@ thaQ/egélyétc{]Ieén@ feﬁﬁmgftggggﬁg EVLN P of g\?eraged | are

r|e Descr i t he novvn
pmfemb@en@mesi ddve patalleady been descri bed with
reference to Figures 1 to 3 of the acconpanying
drawi ngs, of which: Figure 1 shows the slot structure

Tﬁ@r sﬁepordfofzor%bbrlﬁ@rﬁ‘i&%@tﬂtfact%? Eh&lu(h% Fbén@ RlcRSK preferably

di agram of prior art recelver sid
C¢m§qa@$1c(§ﬂ|01daﬁr@tth@rneﬂp e‘étthﬁafunsbrfacta)nctol:trgyrsecandsfa@tor and

opaliaf A SR8yt B8 BerBlembifT W emibdnBEErgement, the
pieietémviead ivatugirdy thovsebBy ¢ea6ér. PetheWatib is re%ég | V\E@eto‘? below

Figures 4 to 6 of the accorrpany| ng draw ngs,
the; pradetermised valugs I4h§|td@ﬁlé@n\mrdt lﬁdudgﬁmtﬁdlﬁ pesent whereas, if

SRR SRR e, B s S5 % vors

jutigedtnot b odipreséntof bl ock 409 of Figure 4; and Figure
6 shows a second enbodi nent of block 409 of Figure 4.
Det ai | ed Description of Preferred Enbodi nents

If"fﬁé%rﬁbﬁ‘@ Wérd! Rss | 'b'é\éﬁ %Ete& Z&ﬂtegc‘éﬁ?&cs n‘fg rﬁg#egﬁggse the

of fset "esti mation an cron are
stepr ofs Mmubin@ froimn stheeaﬂsactestedrrmlln&imtv%ndona frequency offset

t at I tipe. Figure 4
eIRBRASH hEMis! Pial e BRoehesBRbPRatan Passast Ponthenareviously
edtinealean OxlueObf IRE ﬁééué%y' QffsBE &I SleBIbi Q)faBerformlng an initial

enbodi nent of the invention. Differential
correction of | and Q.

Features described in relation to one aspect of the invention may be applicable

to another aspect of the invention.

Brief Description of the Drawings

Some known arrangements have already been described with reference to

Figures 1 to 3 of the accompanying drawings, of which: |

Figure 1 shows the slot structure for a prior art arrangement;

Figure 2 is a block diagram of a prior art receiver side performing frequency
offset error estimation; and

Figure 3 is a block diagram of a prior art receiver S|de performmg uw
detection.
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15 detection, frequency correction and accumnul ati on
are shared by the frequency offset estinmate and UW
detection procedures. The received signal is
represented by Ir(k) and Q (k). I(k) is the in-phase
conmponent at synbol k and Q(kp is the quadrature
conponent at synbol k. 20 Bl ock 401 perforns

Sgh'fef %r(%ﬁdlé'#y gﬁ'&tfo%tlr‘n%ﬁt %Bg (E%EEE%T Wﬂn&\'@f?g 'feddbed with
refe(dagder tokighres 4 tcg 3)Cﬂf6é<a¢¢%rlhﬁhﬂyligldlzbwlrfgl—${j g@EWhlcfH om

e an
FGIERT Bl GoR DIOSK SATTane! fhsemtvnad L qaibotonmadrequency

to freque%%e@%tfrﬁ&ﬁdrpg% c?fﬂirlggtoaan FFHEM&. gﬁ'tjﬁf fRerikbantion:

d
F:g,?(rg;‘igl ggzhowsms#et@ﬁdd)mentﬁuﬂ%lbf@%( 40@@(fl€)|g1%(l | 4g)am§0d-
@) t Ifferent]ally encode
F Q“&% |SI Bhéb%‘”%&%???é@ %’F‘bﬁpﬁn‘g’éﬁ qf Rlgc FU%S%PF Elgured (0)
Is obtained fromUWbit 0 and UWbit 1 O (Il) is

obtained fromUWDbit 1 and UWbit 2, O (2) is
DetailachBestriptionwbPrefereatiEWadiments and so on. 10

Ac&{;?d r]igakoemeopﬁ/gﬂ '3'5 OH'Ir fsc%'sglqiéb%ﬁgcﬁ%t @%{T@ti@)ﬁgnd UW
dethlanIaﬂa" c@mmdeagasomteahl pBssiBR]. ThR red@edd amplementation

P code: ifbitO=bitl =0, n
comp exity and implementation delay time.

Figure 4 shows the structure of the combined UW detection and frequency
offset estimation according to an embodiment of the invention. Differential
detection, frequency correction and accumulation are shared by the frequency

offset estimate and UW detection procedures.

The received signal is represented by I(k) and Q(k). I(k) is the in-phase
component at symbol k and Q(k) is the quadrature component at symbol k.

Block 401 performs differential detection of one symbo! span i.e.

L= (k-1 + 0(k)o,Kk-1) [1]

0,(k)=0.(k),(k-1) - I(k)O,(k-1) 2

The outputs from the differential detection block 401 are I4(k) and Qq(k).

Block 403 performs phase rotation (equivalent to frequency correction) using a

known phase ¢, (k), to produce l.(k) and Q.(k), as follows:
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OQuw=4 ifbit0=1 andbitl =0, 37r ~uw =4 15 if bit 0 =
bit 1 =1, O=4Jt , and if bit 0 =0 and bit 1 = 1,
-'r Quw = 4 Bl ocks 405a and 405b perform accunul ati on.
Bl ock 405a receives input Ic(k) and outputs la(k) as
follows: 20 K-1 1Q=~ 10 [13F Block 405b receives

i nput Qc(k) and outputs Qa(k) as follows: 18 K-1 Qo =

|nc e u5|ng t he bl ocks 405a and 405b
[‘% f"ﬁ]“? éﬁfue‘rj:’cy OQ‘T BPuwestimation and UW

det ect| on, we set K to be equal to the nunber of [9]
synbols in 5 the unique word. Thus, in the unique word
det ection bl ock 409, we are effectivel y | ooki ng at

Oc ol B eléliends,, of — K Isfisinlgs,,i n the recei ved message to
see whether it matches the UW Bl ock 407 performs the [10]

final stage for frequency estimtion detection and
block 10 409 perforns the final stage for UW

G G B L
QBQ%tgfﬁ%d%%éﬁ\/\f@fgeCt L G x-axis by the arc

function
¢ (1) is obtained from UW bit 1 and UW bit 2,

¢,w (2) is obtained from UW bit 2 and UW bit 3,

and so on.

ow (k)  takes one of four possible values, —}377[ ﬂ nd—4— and they are

4
mapped according to the particular encoding convention used. For example,
with Gray code:

if bit 0 = bit 1 = 0, ¢W=%,

if bit0 =1 and bit1 =0, ¢UW=3T7[,

if bit 0 = bit 1 = 1, %—% and

if bit 0 = 0 and bit 1 = 1, ¢, =~

Blocks 405a and 405b perform accumulation. Block 405a receives input I(k)

and outputs (k) as follows:

K-l

=ZIC
0

[11]

Block 405b receives input Q¢(k) and outputs Qa(k) as follows:
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[7] This average angle corresponds to the secondary
frequency offset error for fine tuning of the
frequency offset. This is a well known procedure and
may be 20 perforned by a CORDI C (Coordi nate. Rotation
Digital Conputer) algorithm 19y a Look Up Table (LUT)
al gorithm or by any other suitable algorithm Bl ock
40%-r ecei ves input la(k) from bl ock 405a, input Qa(k)
G =0 @®@) ock 405b and 1d(k) and Qd(k) i.e. the
originally received signal in-phase and quadrature 25 [12]
conponents after differential detection. The UW
detection may be perforned in a nunber of ways. A
Sinices veerpe diisingt thef bidiideueshi andi 305HOM bHnFH@HLEBNEY offset
In this enbodinent P1(k) and P2(k) are conputed and .
egiEnplipreantd i \Wedetaetiomevaset Knte braieguautoathe rBoniserqofesyrebols in

o, . TR Y R oS el ol v or

effextivety fookitlg aheaets seqoend@lof 2€6ymBa(sin tHeSreelRASHESsage to
of the deviation of the K input synbols fromthe UW
S%%/W&'Sﬁ%e.r ignatchasitheddVi-t anot her way, P2(k) can be
t hought of as a neasure of the correlation between
the set of input synbols and the unique word. 5 In
Bloek 9 Qdr perfiorene tite final«dtag () frequiendydegtimvatigH defet8bn dnd block

s - 2 P2(k -], ~a [14] k k 10 F
4@%?9%@”}%?”&6% i‘ﬁ]_t:’\/\g/\geg%ggf‘hgt P2(k) | s
dependent on la and Qa. If the set of input synbols

mat ches the UWand the quality of the input synbols
Blosk dé)7f seives. ispuha(kdtana bleek #P6guantcinpaf £64))frdm (Htock 405b

ar}:pa tjcgﬁ‘i}ﬂg% (ké%l gv%éggpgrﬁ@% wh Kfze'splefct ttg eth%y%%ss b()jloth%marc tan

function:

arctan|: % ]
‘ 7]

This average angle corresponds to the secondary frequency offset error for fine

tuning of the frequency offset. This is a well known procedure and may be
performed by a CORDIC (Coordinate Rotation Digital Computer) algorithm, by a
Look Up Table (LUT) algorithm or by any other suitable algorithm.

Block 409 receives input l,(k) from block 405a, input Q,(k) from biock 405b and
la(k) and Qq(k) i.e. the originally received signal in-phase and quadrature
components after differential detection. The UW detection may be performed in
a number of ways. '

A first embodiment of UW detection is shown in Figure 5. In this embodiment
P1(k) and P2(k) are computed and compared to decide wh_ether the particular
sequence of K symbols (= number of UW symbols) matches the UW. P1(k) is
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15 W see fromequations [3] and [4] that ‘1.(k) is
actual l'y the instantaneous estimation of cos(Af) and
(k) is actually the instantaneous estimation of
sin(Lf). K1 K- 2 K-1z20PI(0) Id2+ Q2 and
P2(0) _I~+1 Q@ 000 =z Z9and Pl (1) _ 1 2 +1 Q12
and P2(1)=Jl, + @ 1! and so on. Thus, P1(k)

L T T LR L T
iscze pegature of tihe deoitionesfttie Ik irghid shbolefront fHe UW SmeoIs or,

t ted fromthe accunul ati on bl ocks
paﬁﬁgzﬂggﬁot oW Y? W) s@n bsrtheyahbpEasme mwasuteef the correlation

I frequency
bgﬂiegfme]ys.ethWisgea ??Pnaﬁ ?EB%N&% where power
is the PI (k) power transmtted power per synbol. |.e.
.S _the thGO{etl cal maxi mum of power P2(k) .

"‘é&\'ﬁ%ﬁ@??e MERt practice, PL(k Pl (k) ) PL(k) is |ess
than this, but we set threshold A 5 (with 0 < A< K)
such that, if [P2(k)] exceeds A the UWis judged as

tifﬁ % »ected. Thus, the higher Ais set, the
PE@‘SE altie ttection requirenent, since P2(k) then [13]
has to be closer to its theoretical naximum before the

UW i s x-F} (R) |datected i.e. the input synbols need to
Pﬁ(ﬁ)@lj tEéc U\A/‘sin@ois very closely and be alnost free [q4]
of nai se and |[fkequency offset.

From equations [11] and [12], we see that P2(k) is dependent on [, and Q,.

If the set of input symbols matches the UW and the quality of the input symbols
is perfect (i.e. no noise, no frequency offset) I¢(k) = 1 and Qc(k) =0 and P2(k) =
KZ. If the symbols do not match, P2(k) is less than K>.

We see from equations [3] and [4] that Ic(k) is actually the instantaneous
estimation of cos(Af) and Q¢(k) is actually the instantaneous estimation of
sin(Af).

P1(0)= Z|1| +o,[" and P2(0)=

<|Sef

+ ZQC

!

and 131(1)=i|1‘,|2+|Qd[2 and P2(1)=' ilc
1 1

and so on.

Thus, P1(k) depends solely on the received signal components after differential
detection Iy and Qa, whereas P2(k) depends on the components I, and Q, i.e.
the components outputted from the accumulation blocks 405a and 405b.



10

15

20

25

10 Once the UWsequence is successfully detected, the
frequency offset estimation can be obtained from
those input symbols which have satisfied the
detection requirenment and used at bl ock 403 (in known
phase.0 = 2, f'k) to inproveothe frequency offset
estimation. 15 Referring to Figure 5, P1(k) is

j [ i bl .ock
S R dRalthes e %@Fﬁéﬂﬁ?fggﬁ%iét'? i By ne
[ bl.ock 409..1d o | PAR Kare receive )
MRALERGY R Dt 0 bk 170w R(%%‘;rj Frig L Wharepgater is. the
portion, Ild 2 is calculated at "bl'ock and 1 Qd12 is
cal cul ated at bl ock 503. At addgtion block 505, 1d 12

UrSRAMYERM PO Rde8YEGEL her —a-rrdTiSatthacﬂ’Lﬂﬂ.ﬁBﬁ@alomaximum of
bl ock 507, P1(k) is cal cul ated®4ccording to equation

LDE?@! Referring to th portion, 1Q2 is
li JI.@Motaély,thﬂhct’wj is l€sd thadthiAlbewWat &4 thfeshold A
Bkl 511. P2(k) is cal quPlékeH, according to equation
[14] at addition block 513. 21_ Conparison bl ock 515

. 1Kk) P _t 0PA60I|[de _whet her t h i s |
CGRTER 2 bl S RREL 1, B ek S AHARL . g Solll) Fgeo =
Is shown in Figure 6. Agaih, in-this enbodi nent P1(k)

datedtd?? (Rjusatite bighented setdtrepspisterdh adlesticereiftdhsdnt, since
the particul ar sequence of K synbols matches the UW

Pa(EN Ke1+k, PL(Kk) = j{11dl + 1 :

[Hl(%j:t&iﬁ&[a%z%e%n%’?@% %S '&sl,”qfl"‘%{ef' %‘} qu("pugyogm\‘ork e UW is
equations [11] and [12], we see that P2(k) is

dempeattipattherinpat symbéls.neédltokmatdi-the UW symbols very closely and

be almost free of noise and frequency offset.

Once the UW sequence is successfully detected, the frequency offset
estimation can be obtained from those input symbols which have satisfied the

detection requirement and used at block 403 (in known phase ¢=2mA'k) to

improve the frequency offset estimation.

Referring to Figure 5, P1(k) is calculated in the upper portion of UW detection
block 409 and P2(k) is calculated in the lower portion of UW detection block
409. l4, Qq, laand Q, are received in the UW detection block.

Referring to the upper portion, |Id|2 is calculated at block 501 and ]lez is

calculated at block 503. At addition block 505, |7,|"and |,[* are added together

and, at accumulation block 507, P1(k) is calculated, according to equation [13].

Referring to the lower portion, |I,[" is calculated at block 509 and o,/ is

calculated at block 511. P2(k) is calculated, according to equation [14] at
addition block 513.
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Thus, PI(0) {11d+1 Q1 } and P2(0) _ I I, + I

Q 00O KandPI(1)|d+Qd}andP2(1) I~Q 11

| 15 and so on. Thus, as with the first enbodi ment,

P1(k) depends solely on the differentially detect ed

recei ved signal conponents |@iand Qd, whereas P2(k)

depends on the conponents la and Qa i.e. the

components outputted fromthe accunul ati on 20 bl ocks

405a and 405b. Referring to Figure 6, P1(k) is
C@anmarismmeuoch S1Becamparesp1 (k) @imdoP 2 (Vg eickidd Whetthdragk UW is
dget ({1 PZé is calculated in the Iower portion of UW

g é% PBA®bI ock 409. 14, d, la and Qa are received

in the UWdetection block. 25 Referring to the upper
portion, the absolute value of Id, Id is obtained at
Absegand eotbaginenhof Ab&oteteetival is esrafwrQin FigQd 6] SA a|n in this

At addit 2 bl ock 605
A REN P 06 A58 FAIEL aff cOfsted trisk commesd g decisis whether
tHeOgartiPdiak sehSefed 6ﬂk3§y‘h%ol§?ﬁé%ﬁé§%é QJV?WMHIQ%H%% ment

Referring to the |ower portion, S obta
bl ock 609 and IQ ,| obtained 5 at "bl ock 611. P2( k)
|s ca,J Qul ated, according to equation [16], at addition

; |]z§| | h})arl son bl ock 615 conpares P1(k) and [15]
P2(k) 0 dec e whether the UWis detected or not. 10

As with the flrst enbodi ment, as long as [P21 (k>

ng e nlthreshold A'. the UWis judged as
t’ecit s |embodi ment, the theoretical maxi mum [16]
of 2(k_) so A satisfies 0 <A< | . Wthin these
Ftanmiegsiatiéns [ﬂ] (@d ARpove e XAV (K) is dependent on |, and Q..

K-l

+Y 0.

0

K-1
2L

0

Thus, P1(0)=§{|Id| +|0,] } and P2(0)=

K

2.0

1

—+

and PI(1) = i{|1d| +|o,| }and P21) =‘i16

and so on.

Thus, as with the first embodiment, P1(k) depends solely on the differentially
detected received signal components I4 and Qq, whereas P2(k) depends on the
components |, and Q, i.e. the components outputted from the accumulation
blocks 405a and 405b. ' |

Referring to Figure 6, P1(k) is calculated in the upper portion of UW detection
block 409 and P2(k) is calculated in the lower portion of UW detection block
409. ly, Qq, |2 and Q, are received in the UW detection block.

Referring to the upper portion, the absolute value of |y , |Id] is obtained at block

601 and the absolute value of Qq , |Qd|is obtained at block 603. At addition
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an be set appropriately, depending on how strict a
detection is required. 15 Once again, the frequency
of fset estimation obtained fromthe successfully
detected UWcan be used at block 403. to inprove the
frequency offset estimationz220 Two particul ar ways
of detecting UWhave been described with reference to

o8 SN 0k U5k R 5 1% o b o o7
o914y busd SRR S BEeh 1L U e, o

recei ver for DPSK signals conprising in-phase | and
quadrature 5 Q conmponents for a plurality of synbols
Referting taipauiewerspertinpr |I5]i isgobtaindid dleblenk 689 ared )| ds obtained
for performng differential detection of a received
atsblgﬁglmdvel:’zék ds watculgtetocsoraing fo feqegtiem§16]c at ragiditan block
r performng an initial correction of I and Q using
a'previously estimted val ue of the frequency offset;
10 an accunul ator for averaging | for each synbol k
over a given nunber K of synbols, where Kis the
CampaasonblagkBdd somparas Ftﬁr(i:)qa@d 2 (H) todeeidedehetbesthe UW is
ciipyiat or for averaging Q for each symbol k over
d%ﬁgt%gi ven thurr‘oer K of synbols; 15 a frequency offset
estimation block for calculating an estinate of the
frequency offset fromaveraged | and averaged Q and a

AR MBI oL e T iy o

averaged | and averaged Q whether -or not the unique
thedvW/ issjudgedess detected. é6 ¢hisesmbogdingént, & theoretical maximum of

P2(k)] . 1 e 1 o .
is so A’ satisfies 0< 4'< ————. Within these limits, A’
|:P 1(%) \ 2xpower ~ 2xpower

an be set appropriately, depending on how strict a detection is required.

Once again, the frequency offset -estimation obtained from the successfully
detected UW can be used at block 403 to improve the frequency offset
estimation.

Two particular ways of detecting UW have been described with reference to
Figure 5 and 6, but the invention is not limited to one or other of those
embodiments.
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2. Apparatus according to claim1l wherein the

frequency offset estimation block conprises: a

comput ati on bl ock for calculating the angle fornmed by LLOYD WISE
averaged | and averaged Q and 25 a frequency of fset

cal cul ation bl ock for cal cul aBing the estinmate of the
frequency offset fromthe angle forned by averaged |
Chaithsveraged Q 3. Apparatus according to claim?2

wherein the conputation block perforns the arctan
function for calculating the angle fornmed by averaged

| an veraged 3 .. LLOYD W SE, 24 4. pas at us
TacooPAPAEES RS N B e MEELERiRs Ion AT aansy pfiset
ettiv@ation iféiug ravivbrdet mwgiﬁﬂa@&rﬁ?ﬂﬁhgﬁﬁ- hadefllldnef quadrature
portion for generating a first factor dependent on
Curemepaantsdpr ¢ plurativaafaymbealad, thef dpparatusatdmpdsingct ed

depeAaiEERELEp b fon et Ry BhicidafefRRop 75 Pceived

sigaapavet dgivearsyesigiapang the first factor and the
second factor to determ ne whether the unique word is

pr es@rfequency eofrestanfetipeifgiaing arvingial sppreeteniof | and Q using

i ; [ L 1,1 f] . factor is
aﬁgggggﬁ% S‘gﬁjé%%ﬁgmsuééu%\ﬂgggkém}l%grdgﬁ%’aI |y detected I
and ahecsqgmalatoofordivietagiegtlifat bactdsyrabbekl o@er antdeumber K
econd factor is dependent .on the square of averaged |
ofRANPRls. Miglk K 1S She Rbasad symbeks in thegiidue word 10 be
daeeddling to claim5 wherein the first factor equals
the summation over K synbols of the sum of the square
of diehfascemulaipbr fordmesagiod Q foraeatht syambojuaoeercthe given number

fferentially detected Q 7. Apparatus according to
Kgcifeﬁyﬁbfq%r claim6 wherein the second factor 20

equahgreduengy bt éstematicibRffor¥Ricadefglarfdstinlh 8@ of the
square of averaged Q Appar at us accor di ng to claim

q 8.
fraqygravepifsatieom avetagesth aid pyeragsdrdeand on
a unique word detection block for determining, from differentially
detected |, differentially detected Q, averaged | and averaged Q, whether or not

the unique word is present in a received signal.

2. Apparatus according to claim 1 wherein the frequency offset estimation
block comprises:

a computation block for calculating the angle formed by averaged | and
averaged Q; and

a frequency offset calculation block for calculating the estimate of the
frequency offset from the angle formed by averaged | and averaged Q.

3. Apparatus according to claim 2 wherein the computation block performs

the arctan function for calculating the angle formed by averaged | and averaged
Q. '
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t he absolute value of differentially detected | and

the absolute value of differentially detected Q and LLOYD WISE

the second factor is dependent on the absol ute 25

val ue of averaged | and the absolute val ue of averaged
Q 9. Apparatus according tozglaim8 wherein the first
factor equals the summation over K synbols of sum of

t he ; i f etected |, and
4 ne ApeaiEatatihdlo dhy bEEERIE brabegflid SRUEE helgh the
umqaymom%teczﬁ)rﬂﬂlock@pmmts@s according to claim8 or

cl ai m.9 whery. gqthe second factor equals the sum of

the AHE ﬁﬂ,ﬁrtﬁfa%\%ﬁaf@%tofapt%mneﬁléieab@a|dff€e'entlally
delt@bt&j loénd a’ff%"ré%’éily(aetéﬁéa .QAppar atus accor ding to any

one of clains erein the conparator is
ar r ah §edonad poiarulosigenehatingaa isecod fatof deséndertiopr avepaged |

factor and conpare that ratio with a
@@g&%&@%ﬁ&ﬂe@n@w ue. 12. Apparatus for performng
un| qaleowﬁfdﬁal@ﬂ‘@cédrﬁﬁaﬁ@g thie ﬁr%'fv ?‘édf@rr aﬁ@?h@gégocgd factor to

i gnal s conprising in-phase d quadrature
d%tGFmtSWe\Nh%thﬁﬁﬁh%uplqweaiv@'tdylsdfresst}tnbdhs réceivéa signal.
apparatus being arranged to receive, for each received

| and Q a differentially detected I, a

5di f f Apparaitad hycateireciosslaiy AawtsreneaRef ok ndent on
recei ved I nd a ‘or ocessed form of the receive ﬁ

thg ovase of difisrential yrfbeteeteﬂulraad t@@rsqumﬁefoédnfgeeeeueim qhe;eeted Q

o1 OB O St A sur

Ofgaawea@edmg a second factor dependent on processed |
and processed Q@ and a conparator for conparing the
first factor and the second factor to det erm ne

6.Wwhet ASsardtudNhSBrdINy 1 dISinP5eaeNbid fhe! fa%‘f&l cﬁ\%ﬂs the

signal. 20 13. Apparatus according to c aim1l erei
syrp@afion sver Kcaysmbols ofiéhe adenef the sauaee ofjdiffezentially detected |

fﬂﬁ{hfe:%c@lé{re;‘fpyf ﬁﬁﬁ@ﬁyecget@c? ndqt he square of

7. Apparatus according to claim 5 or claim 6 wherein the second factor
equals the sum of the square of averaged | and the square of averaged Q.

8. ' Apparatus according to claim 4 wherein the first factor is dependent on
the absolute value of differentially detected | and the absolute value of
differentially detected Q and the second factor is dependent on the absolute

value of averaged | and the absolute value of averaged Q.

9. Apparatus according to claim 8 wherein the first factor equals the
summation over K symbols of sum of the absolute value of differentially

detected | and the absolute value of differentially detected Q.
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and the second factor is dependent on the square of

processed | and the square of processed Q 25 14. LLOYD WISE

Appar atus according to claim 13 wherein the first

factor equals the summation over K synbols of the sum.
-of the square of differentiabky detected I and the
square of differentially detected Q where Kis the

unb -' ' . war d _bei ng det ect ed.
o e B R R
eqhals ¢ha stiveoieaissolrtevalue eflgvdragbla srdthefabsbite value of
sc¥uarce1 f processed | and the square of processed Q
ay¢'8gp \ﬂ?‘SE 26 16. Apparatus according to claim 12
wherein the first factor is dependent on the absol ute
value of differentially detected | and the absolute
1{al uAppéaratds fateorsding & ayy dee ef clim@ Atl10 Whessinang

or. 1s dependent qn the absolute 5 val ue of
coPBaBick 4IPS ReodBunlie o Ta it éedestaitn second
F=0e, 015 it ek d Qith A MR first
ffactaeg;mtt%rnglégé?%y&gmtﬁrn@d%&%%&ggyﬁ%o's of the sum
of the absolute value of differentially detected I

0 AR A ARt R 5 S8 oo
signald doenmisingirephase | 48d qhrRREtaFeI8) AGHPHAERE fbf)asa‘ﬂtllﬁr'gmy of

16 or claim17 wherein the second factor equals
sYlRelst. the apBamtus being areangedicrassied for eanh teeived | and Q,

: ANV, f : arat u :
2 IREP A PUCE RRTRRRE, BoteDted O o RER Bt torm of the
receivedrlarut aipsocessedderntod thvaresdiné e Q, ke babamites coRPrising:
first .fatcto. to the second _factor and to conpare that
rati® tﬂ?f@%?%c&ﬁtfl@( Atinea firgsh Taetor siepeoden! e diftenentially

deBEfQN M M0l eI eedleli®et | On and frequency of f set
estimation for received DPSK signals conprising

i n- phageond padiajuled genarating a second factor dependent on processed
| and processed Q; and "
a comparator for comparing the first factor and the second factor to

determine whether a unique word is present in the received signal.

13.  Apparatus according to claim 12 wherein the first factor is dependent on
the square of differentially detected | and the square of differentially detected Q
and the second factor is dependent on the square of processed | and the
square of processed Q.

14.  Apparatus according to claim 13 wherein the first factor equals the
summation over K symbols of the sum of the square of differehtially detected |
and the square of differentially detected Q, where K is the number of symbols in
the unique word being detected.

15.  Apparatus according to claim 13 or claim 14 wherein the second factor
equals the sum of the square of processed | and the square of processed Q.
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conponents at a plurality of symbols k, the method

conprising the steps of: a) performng differential LLOYD WISE
detection of a received signal over a given synbol

span; 25 b) performing an initial correction of | and

Qusing a previously estimateg value of the frequency

of fset; c) averaging | for each synbol k over a given

nunber of synbols K, where Kis the nunber of symbols

in the unique word to be detected; d) averaging Q for

16ach Appatatus lacowrding becliimer? wheksh ted figY PR@bsiskdepetflient on

tr% cal cul ati n%fan estimate of the frequency offset

apsalyte valee of diferentiallyrdpfeated | anthithe abmlvtesmlueof f )

rax iWfer. i.al t I

RS Mool QTR BRERA kR PSSl on e absgiut
valhetdigrocessect | andittieqatesolotedvalse of rsttisskd @ T ecei ved
signal. 5 21. A nmethod according to claim 20 wherein
steps ¢) and d) are carried out in parallel. 22 A

th ' i b AT N, SLERS
T andPRras gocgdify £ Sallh Bwbrdh Mt (5L LG R
swBMAlPnaevas i Byig bols efthemuen of thd abswuOvdloe 22 differeniially

OGR! 7 sl a8 AR okl SRR e
nambet bfkymolsha the gina?lféawml bBbhgﬁd@céé&%d | and

averaged Q and 15 calculating the estimte of the
frequency offset fromthe angle forned by averaged I

1873, Ap8EEE Bt B IEHASH GEERHE T B foctr

equals dige sum afitheaataohge dalie ofprdceesed!$ bR thé‘?bgbﬁﬁéﬂalue of
y

functi for 20 calculating the angle forne
P%\?&F%@‘iﬁh and averaged Q

19.  Apparatus according to any one of claims 12 to 18 wherein the
comparator is arranged to calculate the ratio of the first factor to the second

factor and to compare that ratio with a predetermined value.

20. A method for performing unique word detection and frequency offset

estimation for received DPSK signals comprising in-phase | and quadrature Q

‘components at a plurality of symbols k, the method comprising the steps of:

a) performing differential detection of a received signal over a given
symbol span;

b) performing an initial correction of I and Q using a previously estimated
value of the frequency offset; |

c) averaging | for each symbol k over a given number of symbols K,
where K is the number of symbols in the unique word to be detected:

d) averaging Q for each symbol k over the given number of symbols K;

e) calculating an estimate of the freq.uency offset from averaged | and
averaged Q; and
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25. A nethod according to any one of clainms 20 to 24
wherein step f) of determning, fromdifferentially

detected I, differentially detected Q averaged | andLLOYD WISE

averaged Q whether or not a unique word is present in
a received signal 25 conprises: generating a first
factor dependent on differentially detected I and

di ffer | al ted Q. generating seco fact or
depeldine g, SR e MaRioghald dfrrdnlndect o
averagedi Inthd Meerbhed Q,Hvaséwer anfot HeinfRronerd ACHRSehPin a
determ ne whether the unique word isS present in the

recsivgd,;eignal gnal . LLOYD WSE 28 26. A nethod accor di ng
to claim25 wherein the step of generating the first
factor and the step of generating the second factor

24r e éamethed! actordingrterakineR0 wifein/staps kpenacneirdicagried out
.to claim25 or claim26 wherein the first factor is 5
InRF&laent on the square of differentially detected |

and the square of differentially detected Q and the
second factor is dependent on the square of averaged
22. ané mhthosiarnoediof ta\ataiay2d ofcldld. 2 Awietdindtass o) dhid) are
cér?‘ cl aitm 27 ?rei n the first factor equals the io

u'r?r(iiaqtf P8 'K synbol s of the sum of the square of
differentially detected I and the square of
differentially detected Q 29. A method according to
23| ai thpethed adagirdinggownyr enenof tlaines 20rid 22avherein stppaé sof

AR B BBAEE (o BEEL IS o S B B e 0

compriseg6 wherein the first factor is dependent on the
absol ute value of differentially detected I and the

abs of@fulatipg thre apglesformeddhy avgrageddanst axeragad @;tand
SeCOEQIcEI%ﬁhgrthé %ﬁgﬁ%gés] gfﬂ‘k f8 lls%}gcyo SO g tﬁé@éﬂﬁ?gtformed by

averaged | and t olute v average
averaged | and averaged Q.

24. A method accordihg to claim 23 wherein the step of calculating the angle
formed by averaged | and averaged Q comprises using the arctan function for

calculating the angle formed by averaged | and averaged Q.

25. A method according to any one of claims 20 to 24 wherein step f) of
determining, from differentially detected I, differentially detected Q, averaged |
and averaged Q, whether or not a unique word is present in a received signal
comprises: |

generating a first factor dependent on differentially detected | and
differentially detected Q; |

generating a second factor dependent on averaged | and averaged Q;
and

comparing the first factor and the second factor to determine whether the
unique word is present in the received signal. '
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31. A nethod according to claim 30 wherein the first

factor equals the summation over K synbols of the SUMovo WISE
of the absolute value of differentially detected I

and the absolute value of differentially detected Q

25 32. A method according to @Baim 30 or claim31

wherein the second factor equals the absolute val ue

o 3% o sty o ST Yy o A

dithe step fragnesatingsthecsrrendifagtor nee tarried dutdn parallel.
and the second factor conprises calculating the ratio
of the first factor to the second factor and conparing
2fat Aamethad atcerding tedsaiar 25 oe dlairal 26wherein the first factor is

dependent on the square of differentially detected | and the square of
differentially detected Q and the second factor is dependent on the square of
averaged | and the square of averaged Q.

28. A method according to claim 27 wherein the first factor equals the
summation over K symbols of the sum of the square of differentially detected |

and the square of differentially detected Q.

29. A method according to claim 27 or claim 28 wherein the second factor

equals the sum of the square of averaged | and the square of averaged Q.

30. A method according to claim 25 or claim 26 wherein the first factor is
dependent on the absolute value of differentially detected | and the absolute
value of differentially detected Q and the second factor is dependent on the

absolute value of averaged | and the absolute value of averaged Q.

31. A method according to claim 30 wherein the first factor equals the
summation over K symbols of the sum of the absolute value of differentially

detected | and the absolute value of differentially detected Q.

32. A method according to claim 30 or claim 31 wherein the second factor
equals the absolute value of averaged | added to the absolute value of
averaged Q.

33. A method according to any one of claims 25 to 32 wherein the step of
comparing the first factor and the second factor comprises calculating the ratio
of the first factor to the second factor and comparing that ratio with a

predetermined value.



