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1 | mprovenents in and relating to Receivers for DPSK
Signals Field of the Invention 5 The invention rel ates

to perform ng unique word detection and freq
offset estimation in a receiver for DPSK si gﬁ@ﬁ%@wmﬂﬂm\m\
particular, the invention relates to an app

met hod for performing both uni que word detecti on *BHéf*
frequency of fset estinmation. 1o Background of the

I nvention Phase Shift Keying (PSK) and D fferenti al

Phase fhpfdvetaghtin ardirelatifigftd Rbteivers |F6|FTBPSEK Slgnals
w dely used in wireless communi cation. In DPSK, the

phase of the carrier is discretely varied in relation

tﬁe@g{maﬁ%emmhhe i medi ately precedi ng signal

el'ement and 1'’h accordance with the data being 15
ttenisnenticro reléiefsfterpmfomim@amt worl Betestiobhintitfrequency offset

K DQPSK f f Bi - Ph Shift Key
@%éﬁ@%f’%df‘@ qeé\fer\fabeﬁS‘Kggn' 'n%%&f ahih éﬂ%\f%ﬁ@esrelates to
féﬁeéﬁgﬁﬁ‘!hgt?f%} rﬁéthtoﬁefdre @H&ﬁglngv\??tl'fe‘ru‘?u detecﬂon and

cy offset estimati )
dretopency offs@edtimgatiahi. ng f r equency of f set estl rrati on,
when receiving and de-nodul ating a digitally
nodul ated signal, an estimated replica of the received

CB’dqu?buhHQSMﬁ%%vehﬁoHsed to recover the signal.
deal he transmtter generat es a carrier si g{nal

tPrmseeﬁmﬁsK@Mr@orfE’%omdf Riffarantial aRbase eShiftc dfeying (DPSK)

Phaflar sForneR 28 WIFEY UeB Jufbieds Rak Rificatlon’ T BPsK, the

tohaiskr ahnet tarrieanid dieestelr vasiet! irbtrelaionat®néewbhlise of the
the effect of Doppler Shifting, result in carrier

ﬂmgaﬁs’éalt@iy praceding signal plemeriqaia iy ascPEdanceswith the data being
sﬁ'ﬁftéfc? qﬂﬁf?%lﬁ?ugﬁ r¥ﬁu‘?€or F ?t e%hlftorKe);uEé 4(QQPSK) and

or mance degFfa and

ﬂmﬁemnrtlgl BiaPhasg 8hift ieyingdDBRSK earevathebvariatioms30
frequency offset estimation, an estimate of the
frequency offset error is nade

Two important processes in demodulation at the receiver side are residual

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
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and used in frequency offset error correction and/or
conpensation, so as to 2 conpensate for the frequency
di fference between transmtted and received carriers.
Regardi ng UWdetection, the UWin a slot is a portion
of the slot used for 5 synchrpnization and/or
identification. UWdetection is popular in TDVA bur st

SO 68 1R e bR 6 oAU A recoten

eaptidres the receiver to ascertain the type of slot
and to synchroni ze the synbol timng. 10 The system
descri bed in "Personal Handy Phone Systeni, AR B

, j 4. I; 0Q3 S
RRARTANS W Jeledierh e ORI A ¥t i3 s ALridn 41 HE ot ysed for
aymemoaizationsamd/of Mbtaiﬁicaﬁomguwmted:'&dmlldjs pbpular in TDMA burst

stem. 16 QAM ( 16- st at adr at, ur I Tude o
AT bica o SYatesas i (A S iy At B Al Q% elethe slot
a i@l | | i
FORhT DERItng tho W, AT rRbIee HRARRENG Lo s3gertpin the type of
rséot etk iovsyinghroftize tHeosymboldtininge f or t he Advanced

Personal Handy Phone Systemis shown in Figure 1. The
slot conprises a first portion which is 4 DQPSK

MUk PiRMh deRBRbed IRTPRISERANRAERIRFhIAY RBEM” SARM Standard,
portion which is 4 DQPSK 20 and/ or QAM nodul at ed,

SR LESPRDR 2008 PGP R BER e ops

portion of the slot where nothi ng i's bei ?
taeghsafot-t bd:a moere Rdvancesbiysegion HAdvapeee Personak tandy Phone

SR BTAUTIBate gt ATpI Mot RAR AR g4 aM (os-

theteu Buatiratate! symplitlide | Moduation) oarat intloddbedt teeaifcrease the
nmeans that a nore accurate denodul ation is required

dransmnisgion ratedram 34 khnstoddd khpg and 9phipsrrespectively e
to errors in frequency offset estimation. Figure 2
shows a known way to estinmate and correct the

fTreosletistyuctifes for, tha Advaesed iFersonal HimdkPRon®iSyisterh is 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 siot
where nothing is being transmitted; this helps combat the problem 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 ||l 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 differentia detection of one

s nbol span, with each synbol having an order

P’nrron (t%]lw)"r %qur)am—i-@ IE-»@ %§orta§) Egﬁ;géoﬁg%@rgo% edition,

qggsequency correction using a previously estimted
value of the frequency offset Af' (using a frequency
of fset estimation algorithm to conpensate for the

] B g 15 B R S | e s componens

dricedd, Geiryithet guadriatirec edbirponeht. e Blske R0af foeeforms  differential
error. The correctlon at block 203 is a first stage of

M%ﬂ‘%ﬁé’ﬂ Qr§RaN. WithqAGheMRI. haM”(Q(?'?cOI'QﬁrHs d8s0
+ Qd(k)3| nO[ 3] QC(k)=Qd(k)cosO - 1d(k)sinO[4] where
O=21r Af' k. 25 Bl ock 205 uses hard decisions for the |
antﬁkﬁsl(@)lﬁa(lks-lt)o#oga(ﬂcﬁl(k apd @ towards the x-axis

of the first quadrant. This decision-based rotation [1]
bl ock may or may not be included. 4 Block 207 is an
accunul ati on bl ock and perforns the summ ng up of the

'0209= SRS L o= 0 ° ,

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.

L(k)=1,(k)cos¢ + Q,(k)sin¢
[3]

0,(k)=0Q,(k)cosp — I,(k)sin¢
[4]

where ¢ =27A 'k,

Block 205 uses hard decisions for the | and Q signals to rotate I 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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K-1 [5] Qa =1 Gh O [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 rotation block 205, the
accunul ation block will sumlIc and Qc ) Bl ock 209 IS

BloRk 807 SRl bRk At pSA0RYS e SR b of the 1 and

eRfias [5] and [6]. Since tan of each 15 angl e is

we have for the sumed | and the summed Q an average

angle wth respect to the x-axis of: arctan Q Ila

[7] 20 This angle corresponds to the secondary

freq¥epcy offset error t" which was not used for

cérr&ttion at block 203. Block 211 is a frequency [o]
of fset cal cul ati on bl ock and updates the frequency

error offset, to produce an inproved estimate i f',nP

, byxaddi ng the secondary 25 frequency offset error

f@om Y I conputed average angle i.e. S Af'inp= 0 f'+/

f if 78 Of" is smaller than O f' so this update [6]
represents a fine tuning of the correction already

made at bl ock 203. 5 Figure 3 shows the known basic
WHatetKli£tHeohurdBEe oF epinbels udere faraherfré ueih%y dstimdtn. Because
conpare known UWDbits with the recei ved sanpl e and

ed ymils @ee ipsead@arosnd doe xomiss spmeyiBatup the érandh actually

e GH" Svetagd Tead FER! 1istags LRI t5er@9R' Ro rotation block 205, the

accumulation block will sum I; and Qc.)

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

0

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

with respect to the x-axis of:

arctan [%]
“ [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

S imp?

frequency offset error from the computed average angle i.e.
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represented by Ir and Q. Block 301 uses a conparison
algorithmto conpare io the received Ir and Q wth

known UWbits. The conparison algorithmis usually a

bit to bit conparison or synbol to synbol conparison.

Bl ock 303 nmakes the decisiongs to whether UWis

present or not. The decision nmaking is usually a
Hﬂgeshg&d cqonmpari son function. 15 Figure 2 and 3 show
thempT o't arrangenents for frequency error [8]
estimation and UWdetection respectively. It can be

seen that frequency estimation and UWdetection take

AR Bt al £ SR P TePEanaRls 8BnbaRHE]Ting Brocton
sty P A PBRR 2P0l o bo-uset ul - 20 Summary of the

Invention It is an object of the invention to provide
an appar atus and net hod, which m'tivgate or

Flarehehaws §he beows Rasio eristve torirdeieetan. The general idea is
2§ Etﬁﬁgﬁ?%\i}éﬁwn%ﬁﬁﬁi@\%ﬂh WOY&ceildd s58mpld Q@‘g thgQ @Elgt‘é@‘g OIwhether

lon to provide an apparatus
foor ngte UMY isi preseot.hRefergngntoy Fiduree8, dise i neaeived sigdal is again

SPoibaentad byt and QrnBkaok 30F 865 b oipaiean Hoa B o compare
8é fr@éé@éwn;aﬁdq@?wmrkﬁo%t@% b Kl cHmPAKES uIgdrtRRtis usually

estimation for a recelver r DPSK signals conprising
ianbip bt coraparispradr aymbel © sympoheompafison.Blosk 303 makes the

plurality . .of s 0 k. the apparat C Lising. a.
Glepisdar ¥ 8 wiRBRCLRY s piospl R Hetn e BIAh ifiind'is usually a
dieteehbidodbrApamsdrefMiciiesl  si gnal over a given synbol

span; a frequency corrector for performng an initial

correction of | and Qusing a previously estinated

f 0 . | C
8 2 oS s RHETSN A Bfmoblh it ASCHEHANS o estmatin
einds Y detectionerespcliviely.hi¢ damnberseeh thatidquenoy tdstimation and
uni que word to be detected; .

UW detection take up a considerable amount of demodulation resources 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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an accunul ator for averaging Q for each synbol k over

the given nunber K of synbols; 15 a frequency offset

estimation block for calculating an estinate of the

frequency offset fromaveraged | and averaged Q and a

uni que word detection block fgf determ ning, from

differentially detected I, differentially detected Q

averaged | and averaged Q whether or not the unique

word is present in a received signal. 20 The

idcbedingttoah fitet @spect of fige finvshtiDAC therr ise‘faf&fd@d‘%dp@?atus for

accumul ators are shared between the functions of th
H‘tQ/U@'ﬂflgéNOTdsthﬁﬁ!beﬂn@\ﬁ@wﬁ@Cw pffsgleestimation for a receiver

i p%%*‘?%,tp%ﬂ% Ctohﬂmsﬁé aﬁgﬁv\g% J %ﬁq 8@?8@0? Q)fcgi%%onents for a

wﬁamyrmﬂi:ymbdm atusadonseisiggt i mation bl ock 25

and the unlque word detectiaon bl ock respectively. Thi
gr eat & ﬂ%%’l‘tﬁh@e@tﬁé f°chﬂ'§?rmi69|QiﬁereWB| sstqoyontqfea recelved

%,eq,fa%ggﬁég/ é@rﬁ?q A1 performdifferential

ection span of one synbol. 30
Typi ca frgqud:rmy qoreactoufar peeformireg anl whdalumrrﬁctnbhe)f | and Q using

frequency offset will h een ted using a

% ﬁtg’g@t@dgﬁq%{%&r}b 7 The frequency
Of f Setaneééddiﬁﬁlbﬂi? 81 %aﬁﬁ*ﬁg I%FE"abﬁ% &Q'H%fr%t |98n number K
bl ock for calculatin angl e for aver aged

afiosymkolagadhere Knig tahe‘ meinbearc of sarrﬂmﬁ Iraatheulmtquenword to be
?d#c(g for calculating the estimte of the frequency
B% rom 5 the angl e fornmed by averaged | and

aver agRdadduniilgfor faPaveraging Q 6medcH s@fbsI w&kembfgwéw number

the arctan function for ca?cul ating the angle forned
le/O%\Wb@'éd | and averaged Q The conputation bl ock

ORDI %ei‘rfgg Eh{:%g}féé te%ﬂpf 4BA ISIBEBL%IF [‘I%FCJ@ mgﬁ%égr"’?&ﬁna@ of the

dtegenty offeet frornaieraped aiah@ apetabedapandt hm The

uni quea “u’?rﬂgug eSV%ré ggtetc):ltlgr? kb%cﬁf %rabc}g{cermlwf)nrd,s%om differentially
detected I, 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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a first portion for generating a first factor
dependent on differentially detected | and
differentially detected @ 15 a second portion for
generating a second factor dependent on averaged |
and averaged Q and a conparator for conparing the
first factor and the second factor to determ ne
whet her the unique word is present in the received
signal. 20 Because K is the nunmber of unique word

THEPRE§uer diE ofiStaeStinvtich Bﬁicﬁcﬁ'niag;bo&ﬁﬂ;ﬁ%ﬁ £ThRJUtARAY block for

| ooks at each received sequence ol s and
gelasatingethe apglefermed oavernageddead averagedeQuandt @ frequency

et BBl BB ol o LR BBl S Bt rom
the ahgresmrmadtbyradesﬁagapead@@wemghdch@. square of

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

%‘?Bfé?gﬁlgg gg@ 65”%%&;6?{ glo%% a@%(r? A thd af"&ﬁn :fﬂﬁcﬁcﬂy%recalculating

of “aver or may equa

sl?m]g]!e)fbrmw F%K asrgrdgdcsl gﬁ?td\/@gagwhd Q. The coﬁ?mamﬂf Block may
o I erentl a etecte and the sguar ) ]
cmer'%éméh?iaapﬁay fHéFtéQ!t e fqr@@m'e,ﬁgg?ﬁpﬁ?@pp@nate Rotation

' i r t i I
IahaI Corhbutep PaldBHie of Aok Teuh LD Pdio8itm, | |
detected I, a second block for squaring 8
ifferentiall etected n dition block for
6 F60s e Heter B perbredfieb bomBlsstct ea 1 anc
the squ#Fs Qértiéhffo?r@ﬁéréiihq deirectRIoQdepEndént on differentially
accunul ati on bl ock or performng the summtion over

idetgeted | andidifferentialiy detectesl Qquare of differentially

o 5 freeriotig gdidafie faeoBhl Rt UebRisE itpraged
eindeneragediQ); andd the square of averaged Q In that
case, the second portion of the unigue word detection

bl ock ar&gMPgRer Jer Lomraings kst kirstofackejuand ifeasesaik dactor to
SoiPTRE ey furlie AT BigsBHCRAB 00 shal, |

and the square of averaged Q In an alternative

%ﬂé@] I‘;écdtftapg%ufrrlll{esrtofft?nclagé \/\I/osrd(]lse rr?tg]cg]lg,n{heoﬂnitqng 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 |, a second block for squari'ng
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of differentially detected | and the absol ute val ue of
differentially detected Q and the second factor is
dependent on the absol ute value of averaged | and the
15 absol ute value of averaged Q The first factor may
equal the summation over K syrpols of the sum of the
absol ute value of differentially detected | and the

2hgrerhisly fetéered of ahddiion Block toRAAfth Hhe Soutth b erentially

Rle6dteBMUNdRhE RERAIS 8F é‘ifffei‘érﬁ%ll?'d@?é%téd)tl 8hd ahiddaniUistion block
absol ute value of differentially detected I, a second

doo perfoeningbthe sunynatien sveblKitsymhglsiof dhe sum of the square of

Ao B TR Betpltl 4% % S0l o PRI PR ca

and the absolute value of differentially det ected Q

and an accumul ati on block for performng th
sihemaecend daeter knay esivpk the suAe of the sTquake qb%\tﬁraged | and the

f I h
Vﬂ}éfu?fg a\?e]Fr’ géé)fdtrjl #eéﬁeér:] eglqbscéj&%ect QQHBB @%éhe unique word
sc]ttmea:td)rf abga{mwgme g He'lstsbmcaffjot Isquabng)lawbeagai liea second
veraged | an sol ut e val ue of ver
ol ieaino; aieraaed <8 aper 41 UGN, Mok pqaadnagRa sauare of
f t block f
HleBEGa o) I PR T TRER f *averaged | a
second bl ock for obtaining the absol ute val ue of
d addi t
Bty efmaty S SmsPdf e st 10 h lerapdafiton M phaolute value

fo dfSenaat GiteBtethearPiaardoNiterRYUS Bf differdttRMly ldetected Q and
calculate the ratio of the first factor to the “~second

ftae tsncond dfagtarpardenangent oni thenwabsolutepralyet of averaeged | and the
Vaégslé telvg %@fave%é@d]@f”em t he predeterm ned val ue
may

ese y a us f the ratio is either 5 above
or bel ow the predeterm ned val ue, the unique word is

judg ?dto be present whereas |f the ratio is the
oTEhee lr&sffaam\raaﬁrﬁﬁl@atmvsuﬁgnat%@o/ef i ﬁmboiﬁapﬁéhe g of the

e%ﬁ% bﬁdﬂg}égééﬁ% ng%‘etécqe@? a%gﬁfér%hrsoms \}éme%]edlfferentlally

etec e} y be arrang e uni
wtetelctbd&'.) bledhat case] ¢efitst portiom ofethe umioges Wbcdrdetee:tlon block may

detected rd,.a fr uenc ffs nmat i.on.

R aaa fer xRt cbtdlaingride bRty vaEe SuliraBntAly detected
[ 8¥EENE blbckadE bBRIIRiIAg 1AL Ubsaiuté Ralde BfiHRferentiif shiteded Q, an
the frequency corrector.

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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According to a second aspect of the invention, there
is provided apparatus for 15 perform ng uni que word
detection for a receiver for DPSK signals conprising
in phase | and quadrature Q conmponents for a plurality
of synbols k, the apparatus keing arranged to
receive, for each received | and Q a differentially
detected I, a differentially detected Q a processed
formof the received | and a processed formof the

Theedomparator ey P afrahyéed ¢6 Baldutdte Ghe 28tid of ithé first factor to the
portion for generating a first factor dependent on

geeord dactonl ayd eprapaneethat eatie avithr er eredetemyingdt valed In that

SRR Rehfoch P e 8oL &gk 3y rato s e

@baper &t below thé giredeiatthitidde v&ld@tthbathUenwotmes judged to be
second factor to 25 determ ne whether a unjq

ipsesand ydhareas if the ralieds e OQ]erﬂilaquﬁeﬂr& aglloyv tft%eredetermlned
t t f:

QPRFE R i8I AR e el 5 §P3n§| over a

gi ven synbol span; frequency correction | and Q

ﬁ%&ﬂvﬁughﬁ%'@Zi“ie%minla&?ta%dv&e%‘#r%oﬁédé?Eweiéﬁ AE WA has been

QoteEROLS d@ter‘?ﬁlﬁéefrgni $hé r’(?et@é't'@@le'imf&fue 07R0IaS fr‘eﬁubh@y offset

uni que word to be detected. 10 Sim | arl g pr ef er abl
telstln]atloneé'm f@qhagcbeﬁfsegeﬂwmt@n mayt he @se;bQSthe previously

ferential t on of ved si er a
aobaetedkefle 456 Fehfgndhaliyst 41366 betiahct el
usi ng a previousl y esti mated val ue of the frequency
of fset; and accunul ation of Q over a given nunber of

Apepriing o awesanckaspeatinf the invention, dhereyistypyided apparatus for

%@hﬁ%"gg?'qﬂh?ﬁgg h%ﬁf%%dfgnla ggggﬁﬁgﬁ%ﬁ%gnélg%mpnsmg in-

(;blhbﬁerBMndaldu)adratat@@edompendnﬁsh@ors@umluﬂ'amfy of symbols k, the
differentially detected Q,and the econdfatca{%{
dPparaiuniedg pranggdde ée‘éﬁ'V?rrfGE@§§ dereixad Qq@a¢lﬂ‘erentlally

Aetdtt03§58 %ﬁfe@ew%s] )y n%%ﬁéiegd?&t Egﬁb@éségayf Eﬁ‘lué\" thErl%celv?d |l and a

sunmati on over sum of t square o
piréddessedtfoah lof thietensived Q, Hredapperaticueompising:
di ffere?}'s[tagl)(lar)(loge}o(ﬁcéeendergting a first factor dependent on differentially
detected | and differentially detected Q;
a second portion for generating a second facton 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 | 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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where K is the nunber of synbols in the unique word
bei ng detected. In that case, the first portion may
conprise a first block for squaring differentially 15
detected I, a second block for squaring differentially
detected Q an addition blockgfor adding the square
of differentially detected | and the square of

T B DT ST S b s
%ﬁ@r@ﬁhél%té&tl&ﬁf@f Ak rdtéiled ez blyr Q%ﬁ\%‘ﬁ %ﬁnbol SHh; frequency

the square of differentially detected he second
fcatectionmaf/| agd & using a;prﬁwﬁuslv]eswuamvaiﬂemf the frequency offset;

%@% %g&%ﬁ@ﬁgﬁ %{} §g§|:p$-s§|§gg%q+§ert Bgtsgﬁﬁaso?s |K N§here K is the

swssdrd sprmoks petieluniques forhtb bé detedted. squari ng
processed Q and an addition block for adding the

squar e of processed | and the square of processed 25

depé‘%ﬁﬂP%ﬁ?‘{fﬁg sl? ‘F%’&g} Hepeﬁciegléfdfr{ i en@férﬁl of Fifferentially

dietectéd d dndathe sdnﬁrekrifaitﬂemnmallyldetéct@hl L&] endrtheEddcy)nd factor is
det ect ed and therozecond f ﬁtor bs dependent on tha
Aspsndert ey fngesiarg @b pecesse RSAUgEE ghRrchpeed

val ue of processed Q 11 The first factor may equal

the sunmati on over K synbols of the sum of the

diheofitst dactal ieayfeqoaf tha eum‘naatiqn deer &t symbolsndf thee sum of the

BRBIALF S e T, A B odfotes
Aieretieds tHé‘ nhhﬂferfcﬂssﬁ/mﬁél@ ifh 'tlﬁéturiitﬁlé erd Qfelﬁd‘ detected. In that

uni que word detection block may 5 conprise a first
IsRsEk tl‘ﬂ@rfll'aibpaﬁmrh@QW@OHHHtSIeuﬁeflﬁﬁblbJ@befOF squaring differentially

?ﬂéﬁﬁ? ' ajﬁ% o&%}ibl%&i(ef%r ﬁwgﬂaae@ﬁgg‘g\?gﬂfiﬁﬁ%}ed Q, an addition

b e Ferd a@dln@ﬂth@@bdalr@rbfbkiﬁfekefﬁtwllyaddleﬁﬂed heaadsthleutguare of
value of differentially detected | and the absolute
wifferentiallyy detectedt iQu ad dabe@ceumaiation Diode doruPafesRing the

f
a0 oI QG o e STBE L0 o SHERABP botecod
cdeidetbeesdiubreofidiffererdiadip ldetexctediQue of differentially

detected Q The second factor may equal the sum of the
absol ute val ue of processed |I and

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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the absolute val ue of processed Q In that case, the
second portion of the wunique word detection bl ock may
conprise a first block for obtaining the 15 absol ute
val ue of processed |, a second bl ock for obtaining the
absol ute value of processed @and an addition bl ock
for addi ng the absol ute val ue of processed | and the

. f
ket Far ay eghigRR 3inmatan, LSt Rosyiappl ot the,sum of the
fabssluté gl oft dlffel?é?mbw defscted | baatRe a%%gltfté’ vﬁm(ﬁﬁerentlally

that ratio wth a predeterm ned val ue.
gletentge @ntwhereeKpise tha enumhb&rdof/@lyuéaqimyn U@esumqw word being

\%%?%cgecli.t ltqéph%ﬁ gég mgrfggp go]'tﬁ):ggi t%goﬁrﬂﬁugr edg qeetgétpoendblock may

\WoRipRRe a first bﬁ)dkafbr @bteﬁmhb@h@hbebluﬁe d@lu@foftdﬁerentlally detected |,
pre eterm ned val ue, the uniq

Feseanshiock Jor ablaiiiag te ta@salu@eh vawea@fp@ﬁeraiglaﬂn@etected Q, an

'a%\amw &Bcﬁ?&ﬁ%&d@ tﬂé%é%ﬁﬂe%a"i?é A f‘fe%nua‘i é&%??e'&gl and the
que wor det ec on an requency set e 1 oNn

fa@somewaleel ofDid#ferenigaiiy ﬂetxmt@dl@ agdi an phcsendlationl block for

DeBoRBITiL e SHPMEAAG e svapsipt thebsu oishecbsaie value of
difdenealy ngétee@den%oo@ oBfoshisf %'nyeegf &ﬁ@%t.aﬂgﬁat&md Q

ormng an ini
correct| on of I and Q using a previously estimated

S B O B A f e RSO b PRl 1 an
the dHsoRre \iéluéYdTbﬁo‘ées&d @ itsstecasy, dthbosé’cﬁ)nd poﬁlon of the

detected; 5 chavera ging Q for each synbo k over
giniase mordede tlgpnbl@lc!s maye):omrlsm atfinsty blecledor rabtaining the

Sl RRLSIGH AT, § A B hea0finabt Bt vae

of f peicesséd ! Qy afdt ant addiflon Bleekafiedabidimad tieey edisspste Qvalue of
whet her or not a unlque word is present ina io
PEeegssed |anghihe absolute value of processed Q.

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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In this nmethod, steps a), b), c) and d) of
differential detection, frequency correction and
accurrul ati on are shared between the frequency offset
estimati on and the uni que word detection. The fina
stages of the frequency 15 offjset estimation and the
uni que word detection are perfornmed at steps e) and f)

ey Ph PRI S el et LR o il aeleul Sy estimated

ShRRSof the fﬁéaﬁjehw offcegesses, greatly si n’pl ifies the
met hod. 20 Typically, the st ngof per form ng

di f f ecéraviesagingtlefari eachosgmbal §i over gygiwn nysaber of symbols K,

BB B3R oet i € R i e 1 e Uity
are caf)raveragitg Q foreaichlsyaibol chﬁfeeltraé)bmnatmbeledf $tbols K;
ar carrl ed out in parall el

f) 25

cal cul ql@J aling: an; esttreater of the ffﬁﬁﬁ%%g’ffwtf fsf@'f" aveiaged | and
l d averaged may conprise: calculatin

ﬁg'ﬁ%ﬁd‘)g Q ?ﬁ& g Q may nmp g

ornmed by averaged | and averaged Q and
cal cqu)aidletEgmuhlegesftomedlﬁem‘ntrahye detecteelnbydiﬁéfemmlly raetected Q,

th db d
(aaradeiL] a or@@é&a&&y ! SR EBes o bt AaTE P o prRsent in 2

b¥caved §%‘h and averaged Q may conprise using the
arctan nction for calculating the angle formed by

averaged | and averaged Q In that 13 case, the step

iﬁ tﬁlgql ﬁétﬁbhg%%ﬁ%ajr %l ecga#cge pS{[ﬁ%ﬁg '&Sigﬁ%ctigﬂr frequency

Befredtien Kahg tdeeumildtRin OdrelrdHined WoktiveeDies . fré§@dhcy offset
f) effectively involves 5 |ooking_at each received

sstjmatien and the uniane waid drteetion.nlhe) fiaébstrgesopf thetfrequency

oftet 5HiRRGE pR i BRIy GRBolH, Hre BPROMET B ptops e) and 1)

IresphdtifvelyerShaiIrigythellmaiotn@/donB@seirﬁﬂﬁsi waynatieerettegetaving a
er or not a yn ewrdis io present in

g@&ﬁ!ﬂ B’ seeRrate @@Fn# %%é.s fyether tyq ﬁ@o%%ﬁﬁﬁsﬂfqaé'dt%mp"ﬂes the

qlﬁ?ﬁag_ent on differentially detected I and

differentially detected Q

Typically, the step of performing 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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generating a second factor dependent on averaged | and
averaged @ 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 factongand the step of

generati ng the second factor are carried out in

par al

the first fact,
Gisentiensted RS IgiE Becphierhay Be perfdrinediieBh, ok exampl, a
adROIE Agorthe Srfa‘{i_'lf'ff §Ig§ﬂan§‘.| |y detected Q and the

second factor Is dependent on the square of averaged
| and the square of averaged Q 25 The fi rst factor

t %ca%@aag rﬁge r%‘g’ﬁ%wgé{%y?ﬁ%@s st‘,ﬁpd eﬁ‘gectrvely involves

Sd@lﬂhg Afedbhf feb"erd Qédmerﬁl}ét et KesyrRbolsnand daterfvsing whether or
the step of eneratrng‘the first factor may conpri se

mrét@ﬁéeguencemﬁr@h% edififee werdal |y detected I,
squaring differentially detected Q adding the square
of differentially detected | and the square of

dil’rfeferabm istép ) dﬁtmttandm(hgarfvbraodiﬁerémraﬂy ndbteulmat i differentially
over nbols of the sum of the square

cﬁﬁf@@Pén Avejagetd and @veraged QreWEahh&reOfof‘Ot a unique word is
' e steps of squaring 14
girr%%grﬁtgmdr r%:ckr(/egetgrﬁlg%nﬁnggg squaring differentially

det ectgme@tmga prieserfatioy dependentl ot differgrdially | éétected | and

The se o may equal the sum of the square of
éi}ﬁ?rgﬁgﬁ d%%&"#r@ 5 square of averaged Q In that

case, dderafirtP atfectidefatdrdepeiticnt OPNEvéragbarl 8%y averaged Q;
eaorg)rr se the steps of squaring averaged |, “squaring

aged Q and adding the square of averaged I and

ter oG Fare 8Pt B oireBRd Fhotg? B Bpleifpe whether the

aiiquewordlis presefindhbebceeiléd bignan al ternative
enbodi nent, the first factor is dependent on the

absol ute vaI ue of differentially detected | and the

PRPlrHbRy, Y Yepbt GhAdialitd thétitef rAabPShE dhQstl of generating the

second factor are carried 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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the second factor is dependent on the absol ute val ue
of averaged | and the absolute value of averaged Q
15 The first factor nmay equal the summati on over K
synbol s of the sumof the absolute val ue of
differentially detected | andqfhe absol ute val ue of
differentially detected Q In that case, the step of

ofirste Aol ehibeied 0 nd SRtdCHnGRFREME igtifteg “07B% Breforanly
datfsd 66t ih.papllaéli ni ng the 20 absol ute val ue of
differenti aI |y detected Q adding the absol ute val ue

of differentially detected | and the absol ute val ue

ST o BB, SR 0L 9, GRS Yo e

a@qliasy eftaveldgeddex datthat ba@é}dhbfmteﬁkﬁfogeﬁaaﬂ@g Hiee @‘econd factor
di fferentj al lﬂé det eC::)F . The st egs of obtaining t
A6 ICHMPT R Sters of SIfing averaged s égupr|ggdaveraged Q and

?&HFH t 3§a|‘eh§f g\?ée%ggqu i ﬂ% hudid Bieé%’ljap@H %I The steps of

are pr ycarrle out In
Ehaasagcm@rageﬂ dramhysgeqring averagéd dl uare pmfemabdy carried out in
aver ed | added to the absolute value of averaged Q
raljet; case, the step of generating the second 30
factor may conprise the steps of obtaining the
absol ute val ue of averaged I, obtaining the absolute

Jalapaligrnativer elgbadignentdthediiish tpcterds alependert amthesabsolute value

3 e et R et st Rl BB gffted @ anc
aingl selebad Tader tif elepepdent envileUgbsdluRy eslasest dvaraged | and the
preferably carried out in parallel. The step of

$Mgmﬁr@ﬁvef%e¢@:tor and the second fact or

preferably 5 conprises calculating the ratio of the

first factor to the second factor and conparing that

e firstifacton npaye eégueal theneadmmaticn over Khaymbolsaofjéimesum of the

P é§3E$e?q>f“Iﬂééavvéh“ﬁe@eﬁﬁa%ﬁ&h%ﬁe@%ef@?&@n@dof’dn?ferenuauy
RN SR v A —
stepte 0t phtairidg \the uahsalute valuewé differentially detqahekgédohmimng the
ta%sgﬁjtg ' ﬁSEt of differentially detected 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 I,
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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If the unique word has been detected, the nethod may
further conprise the step of, determning fromthe
detected uni que word, a frequency offset estimation.
This frequency offset estimation may be used as the
previously 15 estimated val ueqf the frequency offset
at step b) of performng an initial correction of I

Aheofite LAPEUi el et Lt bl Boths sbRi8 aLEesfbed 1 are
?ﬁei*ébd?&hir% o®Gn PardlfelDescription of the Draw ngs
onme known arrangenents have al ready been descri bed

with reference to Figures 1 to 3 of the acconpanying

"985, ool JELR To3B 508 Bhork LHEHY rofraly

Goptprises ofaleulatingrther taticcotither first dactpertboth® second factor and

frequency offset error estimation; and Figure 3 is a

soBaradatiadniade withr Aopregetermibed walugi it that @sranggment. the
I i

Y BBheoud o oSIEE o S IR ETARE TR BboldTEr bolow

e predetérmined vdlue htheaaaiqopamyridnis jddged ngde pfesent ehereas, if

F 4 i bl ock di ft nbi . .
0 Setla ol BoI0G e eG0vehes predsle i au die ainigpe word is
: ' the | tion; 5 Fi 5 sh

F R O B eSoRl L'ock 405 of Figur e 4. and Figure

6 shows a second enbodi ment of bl ock 409 of Figure 4.

il ed Descripti f Pref d Enhodj ment :
TE U AR BB, Bop ] B, SRRE BFB) P, grise the
etdis edf, egdtermining feorl YW détediRtetinique awérdsoabiragdeisy offset
far as, possible. This reduces inplenentation _
estimadient \ hishdreawpneyraftsst iesimatioaymaynbe ysegias the previously
%r?g}gﬁaé%‘&a?dé USHt S rRGUEREY HERY RSl BFLSAChLAGARE an initial
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 side performing UW
detection.



10

15

20

25

30

of fset estimation according to an enbodi nent of the
invention. Differential 15 detection, frequency
correction and accurul ati on are shared by the
freqguency offset estimte and UW detection
procedures. The received signgf is represented by
lr(k) and Q (k). 1(k) is the in-phase conponent at

Fie| xeribian “Bdhadimeats, & 66 bVRfigrt il oty B8 described with
g sy s tespan e ol )
The in@at bl Hs diagram hé%ﬂ f:ombmad W ¢letectionoand frequency

BLZEE fot atlBA! %%tahﬁﬁ‘%g aivortle B EnbpaBEnLaE fyvention:
lll'x‘igzlﬂ@ B Kreowsfise eﬁhlidﬂ)ment @f tﬂb@ldnog df Fﬁd@realn@nd

asfollovvs 30 17 1, ﬁ . (00
lmerﬁ)t ,, shops|a egeqnd emgedmnthf@ a8y 409 OHFlewe éin

ouw [10] 5 O, (k) is the differentially encoded signal
phase obt ai ned froma pair of UWbits. QuwO0) is
Detailed Ddsoriptiol bf Préferratl Eviibiodiniertlsw (1) is

obt ai ned .f rom, UW and UW bi.t

Aicardiaa t B iRon. $hERIPASRPLATTresiueniyicoTsst Satimetion and UW
ont S u S I 7t

ffien 35258y LRI bGP, PR, dhpoctipomortatn

tcomghiexityaand iroplementation dejay dimeent i on used. For

exanpl e,

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 l(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 symbol span i.e.

Lk)=1&)k-1) + 0 (k)0 (k-1)
[1]

Q,(k)=0,(6), (k1) - L(k),(k-1) 2

The outputs from the differential detection block 401 are l4(k) and Qq(k).

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

known phase ¢,, (k) , to produce I(k) and Qc(k), as follows:
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with Gay code: ifbitO=bitl =0, Quw4, if bit 0 = 1 and
bit 1 =0, O&w=234, 15 if bit 0 =bit 1 =1, O =
- 31r , and 4 if bit 0=0andbitl =1, Qu,,,= 4 .

Bl ocks 405a and 405b perform accunul ati on. Bl ock 405a
receives input | (k) and outputs la(k) as follows: 20
K-1 Bl ock 405b receives input Qc(k) and outputs Qa(k)

as, fol | : 18 K- =] @ O0[12] Since we are
Js(lﬁv)gltdz/gs"ﬁﬁﬁwks +40é2(@ﬁ’d‘¢4@5b for both frequency
offset estimation and UWdetection, we set Kto be (9]
equal to the nunber of synbols in 5 the uni que word.
Thus, in the unique word detection block 409, we are

f(eYt bV oki ng sequence of K synmbols in
g‘éﬁﬁgéﬁé\)ggﬁjgssagﬁ&ﬁﬁﬁ% whet her it matches the [10]
UW Bl ock 407 perforns the final stage for frequency
estimation detection and block 10 409 perforns the

final ,stage _for UwWdetection. Block 407 receives inpuyt ,
I%ag ) 1$ Esheliffeerntially sacaded signa ptgawpbtaar@ﬁ Bk PaGSE UW bits

and conput es e av an ,th respect to the
)?uaf((?)ésngwaﬂrf?é; g?@a‘éﬂgﬁfmﬂf? L'g%w'tl% arctan Qa ja
¢ (1) is obtained from UW bit 1 and UW bit 2,

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

and so on.

¢, (k) takes one of four possible values, %,37” ,%Eand%, and they are

mapped according to the particular encoding convention used. For example,

with Gray code:

if bit 0 = bit1 =0, ¢, =

&1

if bit0 =1 and bit1 =0, ¢W=3Tﬂ,

ﬁbk0=bn1=1,ﬂw=:%£,mm

ﬁbﬁ0=0mwbn1=t¢w=%§

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

and outputs l4(k) as follows:

K-1

li=2.1 [11]

Block 405b receives input Qq(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 by a Look Up Table (LUT)
al gorithmor by any other suitable algorithm Bl ock
409 receives input la(k) from block 405a, input Qa(k)

?m‘ggock 405b and 1d(k) and Qd(k) i.e. the

q fly received signal in-phase and quadrature 25 [12]
conponents after differential detection. The UW

detection may be perforned in a nunber of ways. A

S, 90, 5, o WhHE S0y B iy oree

estipatiod dnd WL detectibrf werset iketoplae egadl t@rthammﬁwremfcs.ymbols in
of K synbols (=_nunber of UWsynbol s) natches the

the kl)mﬂgelwor eTEU%erethﬁoME'lqusf Mova@ detection sthq%msog we are
Heclio 100438 B AARERBE TN 2y REEIS in D AoBRERfssage to

sephwhatheCit matpoes thegUW. anot her way, P2(k) can be

t hought of as a nmeasure of the correlation between
the set of input synbols and the unique word. 5 In

t}gl?(j?rxk ﬂ?'lf @%%ﬁﬂﬁtth@ Hink) stagB36Kirequéndyt&stirflaticht @Btedtibn and block

409 performs the flnal stage for UW detection.

Block 407 receives input l4(k) from block 405a and input Qa(k) from block 405b
and computes the average angle with respect to the x-axis by the arc 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 Ia(k) from block 405a, input Qa(k) from block 405b and
la(k) and Qqg(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 whether the particular
sequence of K symbols (= number of UW symbols) matches the UW. P1(k) is
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I Q@ k 2 [13] [14] 1o Fromequations [11] and [12],

we see that P2(k) is dependent on la and Qa. If the

set of input synbols matches the UWand the quality of

the input synbols is perfect (i.e. no noise, no

frequency offset) | (k) = 1 apgl Qc(k) = 0 and P2(k) _
If the synbols do not match, P2(k) is less than

15 adelS i Ger AR B OB A bl B alndlykr. poce
i3 a(feadure AFtthaldevidtiba dfMEé M InpuEsymbers frmtm@mw symbols Or

sin(if). 20 P1(0) [11dl 2 +1Qdl 2 and P2(0) and
puttng it angiher way PZ(lahlarPiaelthougbmf avadneasine- qf the correlation

Befc o R Lk B I S g [, Lot Tl

and Qd, whereas P2(k) depends on the conponents |a and

e. the conponents outputted fromthe
%Uuwfréﬂgéﬁ‘elﬂﬁocks 405a and 405b. 20

Pk =Y |LI +lo.f [13]
P2(k) = 21 + 30 [14]

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) l.(k) = 1 and Q¢(k) = 0 and P2(k) =
K2. If the symbols do not match, P2(k) is less than K2

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

Ko 5 k-1 |2 | k= 2
PIOY=Y|I,[ +|0,] and P20)=| Y 1| +| Y. 0.
0 0 1]
K ) ) K 2 K 2
and PI() =Y || +|@,|" and P2()=| Y.L | +| D0,
1 1 1

and so on.

Thus, P1(k) depends solely on the received signal components after differential
detection 14 and Qq, whereas P2(k) depends on the components |5 and Q, i.e.
the components outputted from the accumulation blocks 405a and 405b.
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If the set of synbols matches the UWperfectly and
there is no noise and no frequency offset (i.e. the
ideal limt), P2(k) = K where power is the Pl (k)
power transmtted power per synmbol. i.e. Kis the
theoretical maxi mumof powery,g1P2(k) . Cbviously, in
practice, P2(k) is less than this, but we set

reshgld A Pl (k) Pl(k), 5 jth 0 < A< such .
e st cteimors hatches ke W brretly Aagdhelss B B gise and no
Pl (k) detected. Thus, the higher pAt)s sek, the ]
freaueney foﬁﬁtdétébcthemdﬁéhdmlﬁneg—ﬁn'ce—WD@RQ powar is the
has to be closer to its theoreti ¢ maPPHim before the
UNVis Pl(k) detected i.e. the igiput symbols need to
transittéte pdivery meol symboly cé.oselr—andthebethabraiical fmagimum of
of noise and frequency offset.P3®%"Once the UW sequence

Ieﬁzs(lléda essful Iy detect ed,d)tz]?gbfrequency of f set
[ : ' i t
AL oot 4 L e Lo
used at bl ock 403 (in known phase 0 = 2iif' k) to

i nprove the kreguency. of fsef pegd)ilmati on. 15 Referr.in
it @ar@<ﬁm$@u0hstf@é4 EUL’%%%JPKC? dppbe L’ tSgfidged as
of UW det e"6h bl ock 409 hh (k) is calculated in

ltdg?eé;lrt]%él‘.’ef hiOthé PRy AN St ﬁf(;et éLAtﬁj\/Et(fgltﬁé lEieté’cQ%n reBuir&ihent, since

Qa are received in t tection ock. 20
gxkyl.ng to the upper portion, 11d12 is cal cu] at ed at ,
%kbqnm kexhes cloger dq itsthaargtical magERUBOBEToRe the UW s
1on bl ock 505, Id 12 and | Qdl 2 are added toget her
 ACHHNT i 7 ( [
BB LT UL oSBTl naRhs ol SR ciosely and
jberdlmmst frea b nosecaridirtbquentyadffddtock 509 and 1Qal2 is

25 calcul ated at block 511. P2(k) is cal cul ated,
according to equation [14] at addition block 513.

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 ¢ =27A '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. |4, Qq, laand Qg are received in the UW detection block.

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

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

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

Referring to the lower portion, |7, is calculated at block 509 and |Q,|'is

calculated at block 511. P2(k) is calculated, according to equation [14] at
addition block 513.
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21 Conparison bl ock 515 conpares P1(k) and P2(k) to

deci de whether the UWis detected or not. 5 A second

enbodi mrent of UWdetection is shown in Figure 6.

Again, in this enbodinment P1(k) and P2(k) are

conputed and conpared to decide whether the

particul ar sequence of K synbols nmatches the UW In

this arrangenment K-I+k P1(k)= Y{Idl +ldl } 1o P2(k) =

K—1+k IQ k [15] [16] Fromequations [11] and [12],
?‘&lédﬁﬁbloeﬂ@% éo?nﬁ@rlé%rlﬂﬁ%k? afl B2(k) %‘@e@de wﬂ_@tﬁér the UW is

{1dl + I }and 0 and | di

tedpraati P2(1) -- | 15 and so on. K—l I I~ O

Thus as wth the first enbodi nent, P1(k) depends

soIer on the differentially detected received signa

wgﬁmbﬁnbdﬁumedt o, UWWGét%@ﬂorﬁ’?lé lkshotgpRNEgUPe 8.heagain, in this

conponent s he conponents outputte

ﬁmﬁdm@nb@dlﬁlroma@ c%ﬂk ) are @pmedl@slg %ﬁmpat%bto dgmde whether
d
558 8ol Beeh i BB ek B U7 i Bpnogmen

cal culated in the |l ower portion of UWdetection bl ock

K-l+k
Pt = 2 {1l +le.l } [15]
P2(k) = Kzlkl + K}I:kQ [16]
k k

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

Thus, P1(0)=§{|Id|+|Qd| }and P2(0)= Kilc + ﬁgc
0 0 0
K K K
and P1() =Y {|7,|+|o,| } and P2(1)=‘210 +Y 0,

and so on.

Thus, as with the first embodiment, P1(k) depends solely on the differentially
detected received signal components |4 and Qq4, 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. Iy, Qq, la and Q, are received in the UW detection block.

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

601 and the absolute value of Qg , |Qd|is obtained at block 603. At addition
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409. Id, d, la and Qa are received in the UW
detection block. 25 Referring to the upper portion,
the absolute value of 1d , Idl is obtained at bl ock
601 and the absolute value of d , Qd is obtained at
bl ock 603. At addition 22 bl ogk 605, Idl and QdlI are
added toget her and, at accunul ation bl ock 607 P1(k)
is calculated, according to equation 151. Ref erring
tbbo%éoﬁo%faftfbﬁeﬁoﬁre Addedstagethernandapt BcsHmuigivraplpck 607
I(%, ,] obtained 5 at block 611. P2(k) is calcul ated,
Fcldbligicaiculatedgaesarding tegaqualienddel t i on bl ock 613.
Conpari son bl ock 615 conpares P1(k) and P2(k) to
deci de whether the UWis detected or not. 10 As with
tRefefringsto thatioderpottionass | @cb@me?ﬂékbloekc&)@dén@[\% is obtained
certain threshold A°. the UWis judged as detected.
lat bidiks6 eMb GY(RE Bt caltllatdd) ewcetding lto meiiatiom[06], at Bdditjon block
is 1 so A satisfies 0 < A<1. Wthinthese limts,

3. P1(k) 2xpower 2xpower an be set appropriately,
dependi ng on how strict a detection is required. 15
Once again, the frequency offset estimation obtained
fCampatisors block Sl5ucdrmpast Btike aindW 2(ki td decisledwhether the UW is
%?%éos tf I mprove the frequency offset estimation.

o 'cul ar ways of detecting UWhave been

described with reference to Figure 5 and 6, but the
invention is not limted to one or other of those

enbodi ments., 2 ains: 1. AppdrRas|for performn ,
ais i t%%‘@t &m@msﬂt,ﬁﬁom &g eﬁlﬁj(g prageds 9e§?rit?fﬁ&h'iﬁ§h°'d A
for a receiver for DPSK signals-c i sing in-phase |

e YWag@dgEELas detected. In this embodiment, the theoretical maximum of

[Pz(k) so A’ satisfies 0<A'<;. Within these limits, A’

. 1
IS
P l(k)] N 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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5 Q conmponents for a plurality of synbols k, the
apparatus conprising: a differential detector for
performng differential detection of a received
signal over a given synbol span; a frequency corrector
for performng an initial corpgction of I and Q using
a previously estimted val ue of the frequency offset;
[ an accunulator for averaging | for each synbol k

¥ gi ven nunber K of synbols, where Kis the
nunber of synbols in the unique word to be detected,
an accunul ator for averaging Q for each synmbol k over
tlhe giArparalusiier pernforaning ymistieswondbdetertion apd dieayensy offset

ERbiERRR B Frdivartr ER SR s odfig b ihasty A gugerature
O oy Ty S odle g?ﬁf‘farﬂ%g%oé? ]

i

avera@e@ Qm%' actectrydar eert Qﬂ%f‘ﬂ&“‘? Pnﬁ@}t Q‘Pt@m?ﬁﬁqée'ved

\Q& %ePé e s&ln‘?b@ s{ﬂ%ﬁa ved signal. 20 2. Apparatus

efein the frequency of fset
est i rmiﬁrequertdycndrrenbmrrfor sea‘ormlng&:rrplmitmi correbtllcm:bf Famd Q using

cal cu| at the e and
%@PX@é’@iy(fgSt &ﬁ‘mgl:ﬁﬁ}y ?@flas% al cuI ation
bl ock d‘noécéiﬁ\'uﬂéﬂo?tfd)rn&/érﬁﬁln@qtfbl“"éééh §ymbBFk of/éreél gRRANhumber K
offset fromthe ang f of ned averaged | and

e

of syenpots, @hege Knisp atumsquf@ymb@s tnothel uniagwe wane tebe
H:ﬁ? (gga‘put ation block perforns the arctan function
culating the angle forned by averaged | and

aver agffacatin@atotfortavetaginga $or é8stosEmhbal K ovérthe @iden number

of the grecedlng clainms wherein the unique word
deoksymbelsbl ock conprises: a first portion for

gener af 400 &hdy &iidet b8fiAtioH BREANBP Eakliathb ' Edtinate! of the

frequency offset from averaged | and averaged Q; and
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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detected | and differentially detected Q@ s a second
portion for generating a second factor dependent on
averaged I and averaged Q and a conparator for
conparing the first factor and the second factor to
determ ne whether the unique pprd is present in the
received signal. io 5. Apparatus according to claim4

4t i kP by S SIS e by I e

@m\‘d@r\ﬁaﬁd déterticle bRekasdniprissd the second factor is
dependent on the square of averaged | and the s

of av @rfi{gb@or@on for gengxgggg atfirst f@@wrc{gm@dgat en 4i rgﬁtially
‘N&%&%&HEE& ﬁérﬁhtué@%%ﬁc{%‘aﬁl s the sunmation over K
sSynbol's

es m e square of differentially
det ectaesbdondgputiom éoragrrerating adietbrd éndtondépentdnt onealveraged |

A us .according to claimb5 or claim®6
%ﬁg eﬁg&ff{egséé‘gnd factor 20 equals the sum of the
squar ¢ Qfmpaek F’cbn@%ﬁpgqﬁeﬁﬂé{%&opéné‘fﬁé 886shddackr to

Appar atus according t im4 wherein the first

datarariné svhebéipenttientnique wohtisghresent ia thelreeeivéd signal.
differentially detected I and the absol ute val ue of
differentially detected Q and the second factor is

@epen%ﬁar%std&%oﬂhﬁg 'té’bl%lrﬁ& \X/ﬁéH#n e rsefRa6¢is!depeddent on

t he absol ute val ue aver ag g 9. Appar at us
<

dhe sadaneofidiffeneatiallsdelestas hamqh $<nlsarefqi<§i.|ffﬁreet1|@lbn detected Q
AP oS EEE A B adh PR 08 SSUARECY BaGE Dbty o savare

ohlaveragieddf f erential |y detected Q 30 25 10.

Appar atus according to claim8 or claim9 wherein the
second factor equals the sum of the absol ute val ue of

Be" 968k tASABRIALIOLR SBhHRIR e HUPTARRalS e

at us accor o any one clains 4
\shmmamnn beer K eyprvods ofthlessumn o&ﬂg&slqﬂmemildﬁférehbaltyl*@etected I

rat| of the first factor t e second factor and
Eﬁéqyﬁéq O{Q‘ffﬁberw d&“‘iﬁ%&ib ernm ned val ue.

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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12. Apparatus for perform ng uni que word detection for
a receiver for DPSK 10 signals conprising in-phase |
and quadrature Q conponents for a plurality of synbols
k, the apparatus being arranged to receive, for each
received | and Q a differengdally detected |, a
differentially detected Q a processed formof the

1Brar Afnatai aePaRily BE05 T Borfifin S HhdBRabh&tethd ihor
@qbars thaGuRt ofifReaskINite RAIGE &f SFerhfbdll bYid tAS adsbred ¢8lue of

and differentially detected Q a second portion for
@&ﬁ@@l@g a second factor dependent on processed |
and processed Q@ and a conparator for conparing the
first factor and the second factor to determ ne

vihet h@pparatls Gdeomirigltd anPbAe Qjﬁblalmsmhl@ 1 oamevad the
signal . 20 13. Aci)arat us according to claim12 wh

CRBVFETatef IS aFapge Bo @Riﬁ'élﬁtféme rgio of filee &gl Sactopto the second
géi(% érﬁ{cpgipla)‘e &g"ttb é‘gl% ﬁ@g@gﬁé&f actor is

dependent on the square of processed | and the square
of. processe to claim13

TRet cprRrUs Torportartiing WBRE worddSSehiomthra sl R DPSK

BP0 o) e SO0 bS5 Lty o

@ymmgls ke, tkieiappianatus (el awanggdvtmre;:ame fmmalmnaq:ae/ed I and Q,
biftereryaly Sletedh » dfteretivaly RBle2ied ch5rbPared frm of the

tre@eusém ahd tah&o&ésls’?écﬁfo@fn oFItRE t66&Ived CRke tabpamu@b@rr@fnsmg
processed Q 26 16. Apparatus according to claim 12

wher eiarfirshpottionder generating @ fisthiastasidepsndenhen sitasentially

f ted I and the absol ute
:/?%Ilt%&e(g aﬂg 4"?‘;’?”@%'3) 4’%68 tgteﬁebt ed Q and the second
factom $ét:dihe]nm‘rd@nﬂforcgeddﬂatlr@a segbrd factel deperident on processed
processed | and the absol ute val ue of processed Q
| 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 differentially 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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17. Apparatus according to claim8 wherein the first
factor equals the sunmmation over K synbols of the sum
of the absolute value of differentially detected I

and the absolute value of differentially detected Q
where K is the to nunber of sygbols in the unique word
bei ng detected. 18. Apparatus according to claim 16 or
claim 17 wherein the second factor equals the sum of

t he absol ute val ue of processed |I and the absol ute

M@l ue HparMu8ERTRIINGto SRk 92 WRBRIR EHESTIRE FeditéH i8 Qjefp@ndent on
any one of clains 12°to 18 wherein the conparator

she ahgeluta valog|of giffarentially detecteddrand-t@erabsolute yetusr oft 0

RO b M R5EREa et B b oo

walulef protdssirt Eaitd €t absbliiteenlgs oF pridesséd Cesti nat i on
for received DPSK signals conprising in-phase |I and

quadrature Q conponents at a plurality of synbols Kk,

a Tt or éﬂ)oaqj @anchﬁqﬂgtét} uétéreg/@g@:}ré g@ fu%?ﬁ{c%r%c?l?als the

gumenaticry obed K syatbiols26f the suen obthe algsaiutel valte af differentially

Haicdes Srahe postbiRySberd dirientabidedri & Wbk the
e nur% Mfolirdthba higue ierd %'%{E}%ﬁg'to where K is

of synbols In the uni be
detected d) averaging Q for each synbol k over the

e Sl locP RS clim oA b besppe actor

e\q@l'aegm@ $dm P the?dbdolutésiidon pftﬁ:eséé@ Mafd fthe apsbiutd Value of
detected |, differentially detected Q averaged | and

Precesped @ whether or not a unique word is present in
a received signal. 5 21. A nethod according to claim
20 wherein steps c¢) and d) are carried out in

d& al |Agparatus 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 | 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 frequency offset from averaged | and
averaged Q; and
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22. A nethod according to claim20 or claim21 wherein
steps e) and f) are carried out in parallel. 10 23. A
nmet hod according to any one of clains 20 to 22 wherein
step e) of <calculating an estimate of the frequency
offset fromaveraged | and avejaged Q conprises:
calculating the angle forned by averaged | and

Y g Goretm Py, Trord ArfateRtail uctgiend s iy ieeted @,
AVErR\RS BiRflateradéd @ WREther orA6PA dhitiliel Word Biﬂfégé’%t ina

wherein the step of calculating the angle formed by
seegiveddignahnd aver aged Q conprises using the arctan
function for 20 calculating the angle forned by

averaged | and averaged Q 25. A nethod according to

21y oremethad accarditiy toacldifh 20 vrRirsinssteps t) and d) are carried out
deternmining, fromdifferentially detected I,

i pAelleht i al |y detected Q averaged | and averaged Q
whet her or not a unique word is present in a received
signal 25 conprises: generating a first factor
@2pendemetiood dcddrdingrtoi gy 20 er ettirad21 waetkin steps e) and f) are
different.iall l\ﬁget ected Q generating a second factor

&&p: %Htt'nd??rél raged | and averaged Q and 30

conparing the first factor and the second factor to

det ernmi ne whether the unique word is present in the

28cei Vethethamhaccordhgte.any ons bbdaims 2040122 wherelirastepas) of

ERE Gl 2 o§tmBiot i eebienkil osS: bbiriaverp@Sa L pfiveraged o
@amprizeBaral l el . 27. A nmethod according to claim25 or
claim26 wherein the first factor is 5 dependent_ on

the s@alauiatisg theranalefarmad By averagedd andgeraged &;ande

f diff | Al i
depenah e e e e of tredrBBfaclio s i E bl rmed by

@iveragdalomtt Bveraged Q.

24. A method according 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 |, 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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28. A nethod according to claim27 wherein the first
factor equals the io sunmati on over K synbols of the
sum of the square of differentially detected I and
the square of differentially detected Q 29. A nethod
according to claim27 or claigy28 wherein the second
factor equals the sumof the square of averaged |I and

2B . B a0l e o ik 23 AR e At pESSEEBhEY the first

dea8PERAthe Btdp6F GreRhtinPtherdetdnef fablior afé ehkricy 60’( in parallel.

detected | and the absol ute value of differentially
detected Q and the second factor is dependent on the

or aguineifod ool a R Biaies PRSeih g Bt actris

\Méfp@ﬂdént @ﬁftﬁé é@jaré&ﬁtdiﬁer@ﬁtl@lysdétbétedsllﬁﬁmie@qu@\f@ bf K
(Sg{ffepo s of the sum of the absol ute val ue of

reptiaty @mytedo@tam the secand facter ispdanandent an ilee sguare of
t 2. A net hod di
iyg];f: | mé@é %)ﬁr/e %Fﬁa% OZ% %eqr?eelﬁ t he ;neecogd ?;g?:)rl "

equal s the absol ute val ue of averaged | added to the
sol ut e val ue of aver

f hod accor dj
"oy Bratiod Serornind SecTde a8 wiries thedkal 1acies gpaleade
f r
%W?Q%‘? oS sy itols 6%% ot UiPs e diiiphlialy detected |
tanel thecsopdré atdlﬂeraﬂmllydmp@atedl@ that ratio with a
predet erm ned val ue.
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. Apparatus 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.



