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é:"‘:ég_?_lﬁﬁl* AA SYSTEII\\IAI éED METHOD FOR ESTI MATI NG PHASE
I nvention 5 The pr esen;rI Pr?vgztsrgr'\{l lr:|elelaflegf t ghg“‘m‘u “mm“m\m‘m“‘

and et hod_for estimati ng phase offset in a 159159
comuni cation system and in particular to a system
and nethod for estimting phase offset in a system

e @5&%%%@@%%*9@&#3%&%%&%@ FESET IN A
scheme such as i GOMMUNICATION SXSTEM ng (o a

Differential Quadrature Phase Shift Keying 10 (DQPSK)
nodul ati on schene. The present invention also rel ates

npri sing such a system a nethod for
%‘35‘@8@?‘??8‘@&&%. ved signals conprising such a nethod
Sl presiritoirvbation felafgm tatausystath amthmétton fateestifaling phase
data. Also, the present |%nt|on relates t

offastimeccamimaication &yElesm, 4 MHPRRIEUIBEER A-wistem Ak method for

%lﬁ‘?gfng: glsé gggetkgt%lrgﬁgmaﬁ?(m%ﬁlhﬂg% a sngnal modulated

scdeding taraa dvﬁfeteh’gralqma!;el shnﬁWetymige@DSKm;dedaudma@meme such
Syst ens. SK nodul. at

eﬁﬁm@a@nmo uleigth apadig fona SUfeRRRe! QAR Rpass Shifiieying
{E?]éf-’gm ﬁ?]n BhR&Me20rhe pfdseh iHventioRRIRRK el SRIBEIERS receiver

e carrier is discretely varied in
c@hﬁtlsmg Mhtdﬂeyqdemsa roétholdor prasesaingireceived signals comprising

n nt an cordan
sy hanmetned auhén e wogk(ing s aws AL M gg g 88edting data,
ﬂlsﬁ)' ttﬁé'dfem%%%rﬁ rélBfs td deImbined rs%i?gnaiﬁdetectlon and phase
transm tter generates a carrier signal at a known
estimation gysteth anéd maethedved signals are then
dempdul ated at the receiver to recover the data being
transmtted. A signal obtained froma local oscillator

BackyPoGiRd lof thé taverntiéme

Differential phase shift keying (DPSK) modulation schemes are widely used in
wireless communications systems. In DPSK modulation schemes, such as
Differential Quadrature Phase Shift Keying (DQPSK) and Differential Bi-Phase
Shift Keying (DBPSK) schemes, the phase of the carrier is discretely varied in
relation to the phase of the immediately preceding signal element and in

accordance with the data being transmitted.

When receiving and de-modulating a digitally modulated signal, ideally, the
transmitter generates a carrier signal at a known frequency and the received
signals are then demodulated at the receiver to recover the data being
transmitted. A signal obtained from a local oscillator is typically used in the
demodulation process, the signal used being nominally at the same frequency

as the transmitter carrier.

One problem with digital communication in general is the residual carrier
frequency offset due to inaccuracies in the transmitter and receiver oscillators,

L
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denodul ati on process, the signal used being nomnally
at the sane frequency as the transmtter carrier. 30
One problemwi th digital conmunication in general is
the residual carrier frequency offset due to

I naccuracies in the transmtter and receiver
oscillators, *@0007* 2 along with the effect of

8 Wil e, st B bl R 7R rRb0 oy bfiedt 15 ERBpeie and

K SRtHb @mpéndatdd tHe perdaranes of theedembdulatdr will breadegraded
ar}ua; not "be recoverable. 5 Residual frequency offset is
therariginall signa sh@e Aebipe eeayeralieng a phase | ocked

| oop technique in which the received carrier phase is
continuously tracked for frequency offset

Resieals freqgency\ofisbeis conventioraligl campensatedffor using a phase
conpensat i

BRG0P 1BQ0RAS Mo B TSCBLAH: EEETnPURRE e {tnuously
t{récﬁ&ﬂ%ﬁre‘a&"eﬁ@% o‘ﬁ%e??&‘n&@ﬁ@&icﬂ ARBtHer 'coRlehfidifil \ePpFoach for
n such an approach, frequency estimation may be
compendating or residug DBRGENCYDQHSE! ds 10 DEPSK forward frequency
%?raxl@@{: Rag?rﬁgﬁgganw%%yh%fﬁ%%%g& 3 egg'pg{ir%ra%]oc %t regular
@E%W?l‘é'. at ln°§uchT4H %PBFt?a%ﬁ fidolieney eatifRitioRSRRIBe tsimplified by

requency offse 15 One conventional procedure

f ' [ i £ L f '
sarDBEER ORF & TP RS BEE RS, lopp smal
6: Carrier and synbol synchronization,” MG aw Hill

phase difference bewasnoiws adjasgaipayrebols affests theotata dempedulation.

. this technique, a differepti C per f or s
hﬁﬁﬂ%ﬁﬁﬁ?re&@?&ﬁr 593908?’?{%% fzéﬂl‘gegfc?’s%fg%t'and a phase
conpensation block is arranged to use the 20 previous
esti mated val ue of the phase error using a freq

Eineseanvestionalt prosedureyfariastimativocanh SATREENG 8ie ?@gﬁgncy offset
AL BabiR S80S Bl imghBbe CBagiEs; BarigHana symbol
synchronization,” McGraw-Hill International Editions, Singapore, 3rd edition,
1995. In this technique, a differential detector performs differential detection of
one symbol span and a phase compensation block is arranged to use the
previous estimated value of the phase error using a frequency offset estimation
algorithm to compensate for the differential detection output.

United States Patent Number 5,574,399 describes a coherent PSK detector
which does not require carrier recovery in which the frequency offset estimation
is initially set to zero and is corrected from this value.

United States Patent Number 6,038,267 describes a digital demodulator, a
maximum-value selector, and a diversity receiver and presents an improved
method for obtaining the frequency offset estimation in which the frequency
offset is initially set to a fixed value of approximately the correct order.
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whi ch does not require carrier recovery in which the
frequency offset estimation 25 is initially set to
zero and is corrected fromthis value. United States
Pat ent Nunber 6, 038, 267 describes a digital

dermodul ator, a nmaxinum val ueysel ector, and a
diversity receiver and presents an inproved nethod

b SureR L4 G5 S P 488 o gt g toms
%fgi gﬁ:_c%u?é%peﬁe%@devnfehﬁoﬁéd r&feteredednd thdsegareadestribed in

ilTustrate prior art systens including one or
moreedelgiltielowyst ens  and procedures of the

above-nenti oned references and these are described in
nore detail below 5 There are a nunber of problens in

Thérefdre @ rebep bf Eﬁigl@ﬂﬁiimﬁté frequarsdycoffset edtimation systems and
e

procedures descri in the above-nenti one

d_. :
pretedusiesaieschbed in the abevesmentipneg Eefe[RNcesaFirsthy fm? glgorithms

i ncl] udi ng ex I t tr tilnl i ic function
"é%ﬁdcug'l i 8?1@‘&%‘%%@891 ‘r’]‘@rch gu at’i otg\)ogffriggﬁgp%‘ﬁnc un.CI
sAogatbnsirshe beingtthercalauilapraof anreet dasgent and the other being a
cal cul ati on. Anot her (grobl %brg such conventi onal

. { ) W th d
sineicenineapaiculptionc HNes Prablerith Uch, COBVERYRRAl SYRiemSs an

heayi . edinng f S5l . q g
(RuPBts LS, 198 BRRIRE i SRl ety o raceding
éstimatidre anst atee thetefore mt dauitables farehandlingathentrensition Jrom the
the state where dat

is peing.. transmo.t : . .
#ale HHSTB B0 GBnonpotag: Hananiad, B 108, U where date s being
Wfabém[‘tféd'. 'Fl.ﬁ‘ﬁlenﬂbﬁé,e\ﬂﬁeﬁ Mot ditaGB BENey trandmiittéd moive will still be
affect the frequency offset estimtion_ 15 system L
prssent iinthenchamnel r anch dhisnmaybatfeet: theu &ieayepey Lftset estimation

ti tion. Al s
SyteBrisstloarn e end ndBhE foalsiy SHREEBLiAREn.
for estimating the frequency offset include, for
exanple two conplex multipliers, such

aisch oonet OImae: okt the saBVentianal cyseRsnAesriRedon the above-
t age. | . -
el 0 0 555 Bt Bl or o

teb cebripled MuititieryNBaOabsom difigentiahddetentrt iapdi & phase
after an accunul ati OReSt

sempensation ciiage g StheneRveyaaaAiberiepts; g1y include three
SO mulighRh st dy¥a GfférdhtiaPetecfred phase compensation stage
and a multiplier after an accumulation stage, as well as a normalization stage.
Such systems are therefore complex in both hardware and associated
processing software.

In view of the foregoing disadvantages of conventional systems and processing
methods, a need exists for a general modulation/demodulation scheme which is

cost effective to use and produce and which is not complex.

Summary Of The Invention
In general terms, the present invention relates to a method and system for
estimating the phase offset of two successive symbols caused by the frequency
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processing software. 25 In view of the foregoing

di sadvant ages of conventional systens and processing
met hods, a need exists for a general

n})?ul ation/denodul ati on schene which is cost
effective to use and produce gnd which is not conplex
30 Summary O The Invention In general terns, thg.p .

pr esent t
ST o ShabAgkel bl g TolT OAASE e BBERteo mpu
%@ﬁ’aﬁ% Q%ofﬂ}ﬁuﬁ&ﬁﬁl&‘?% ¥tefn.OAh Stinrited tﬁhﬁsahﬁmtwfalmis further

fween a oscillTator and a transmtted i

spifid toian inpubafinpbase cAMppEsatian AAdes!o %{%&qﬁﬁmse of the

fgé@dg‘é&%@ﬁéﬁq &‘%r l%?ﬁ@@g bﬁoaﬁ?% C?xt;flﬁ i 'Fﬁ'alfeoofo 'f'he total phase

SRja s ok s ”’Wmmww&mam ‘he phase

offesiol Ehis da o Eanyrash & CoBYRRIRA SYF6DES BHY TREGR-Devnich the
g%&%%p%g'gag Sg/éﬁégﬁlﬂmeﬁé\é %?rr\gt St%l'tpﬂﬁat%'e SHiElt QFFfich requires
HRNET Edrhilee bPdcbsiny tci‘reuﬂrgsaddablgphttuns ofrfﬂslét inhpae or more

requires’ nore conple
ptejerred rarabodiments ioﬁ tl)a(ﬁ,grg;erﬁﬁbn tﬁné%iﬁiqﬁ@ﬁat{f‘on of the hardware

rﬁblom&em%o&ea&ﬁ@\?@d‘WlthBMle;%r‘fé}%éﬁc@%éﬁdwyat i on of

'enmentati on may be achi eved
wi t hout performance penal ty. Accord| ng to a first

Beoprding g BHirsh PPELO SREBKER BIRE B BAUEHER Shipem for
%ﬁ*'ﬁ‘%ﬂﬂﬁ"g’h%?? dﬂ%@Pbe [P loddl cBcnamBMandca transmitie iput signal

ed sig conpri si b f
wrmbmmwmbam.sygtem aarjgrananwgeq?w%@' eéqsgpweg efnnumber of

SuEBols sacuhay Bacin et At Be8s ik S coRiprising:

gluI f e'traeafﬁ‘e?%nt%?to%%&br stza@efdr asteigingna itramsmitied imput signal, the

defsr;hualzdegegtzssfa%?gﬁr?é;lagnn s&ta e foi) cogpensating
poputaAnghAM optRYh t he

glt ;ggr enb| %led\ﬁ%ej# glaﬁpﬁgﬁe bP RoRiTRafifg e pABLE errors in an

output signal from the differential detector stage, the phase compensation stage

having an output;

a decision-based rotation stage couplable to the outputs of the
differential detector stage and the phase compensation stage, the decision-
based rotation stage having an output signal having a phase, the decision-
based rotation stage being arranged to rotate the output signal from the
differential detector stage so that the phase of the signal output from the
decision-based rotation stage is within a predetermined amount of a
predetermined phase angle, the decision-based rotation stage being arranged
to rotate the output signal from the differential detector stage based on a
decision made using the output signal from the phase compensation stage;

an accumulation stage couplable to receive and accumulate the output
signal from the decision-based rotation stage for a number of symbols in the

transmitted input signal, the accumulation stage having an output; and
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a deci sion-based rotation stage couplable to the
outputs of the differential detector stage and the
phase conpensati on stage, the decision- based rotation
stage havi ng an out put signal having a phase, the

deci sion- based rotation stagg being arranged to
rotate the output signal fromthe 25 differentia

det ect or . SO t [ I

fr omd RermabefioncsioG8 col PRLRIF fie bylei of 448 ocftfubiton stage
fof PEGSIERGT AT dcaumulite® foutputpsigast therafrad, fHeanermalitation stage
the deci si on-based rotation stage being arranged, to

beingt @ranged o pnermealizeathe rageuntdateds pububt ﬂggal to produce a

' Fhe . _
TSR GHRHE sRERF Y nBrmdl b eedtiing to the
ereenaffstt iof twe tsiigeessiven bprinbelst causeddiy theafnelqueroynoffset @and the
haRseO145H bt aogH! SRoHBIY AN IraBsmTah et Sl

| nputy,ai anpale cfdrﬂgeﬁs%i‘éﬂ“étg%é ‘Pi%vﬁgiagﬁlrﬂ%f' iﬁﬂutat% WHkﬁ%h? phase

and 5 a ‘normal1zation sta cou e to the output o

offest 4 applisdatd compensgte the phase of ai subsequenity radeitestisymbol in
utput signal therefrom the nornmalization stage
éitFﬁ:PSzﬁ*ﬂ'thaé’é%Uttség%T mal i ze the accunul ated out put

signal to produce a normalized output signal, the

normal i zed out put signal corresponding to the 5 phase
Bfeferably fthe vdifferentiak detestarystage 3s aitangedotp feqgive a transmitted

freguency offset and the . ph e cal

b6 PRBRmOSHEFTes ARGNEHR o BRfsitd FefflatBh bchentdich as o

%og_ensatj on stage having a further input to which the

Bh |é‘ererrtra.k&uadgafamﬂheaetschlféwé\ﬂs(@%é"19%%%1'%S eme.
bsequently received synbol in the transmtted input

signal. 10 Preferably, the differential detector stage

is arranged to receive a transmtted_ input signal )

Aocrding: &0 & secand gasnech afi theep@senhiinygitionathess is provided a

SRR 0 AP A e PR 4L S v
frangmireothLAssigaal @f d ltenmmesieation rsystemoithe Hearesmitted signal

rovided a nmethod for estimati f f t
g@m\gggingaa ngmerggéymbg[szeécghaala\ggg an associated pﬁ'lsage, the method

comprising:

receiving in a differential detector stage a transmitted input signal, the
differential detector stage having an input and an output;

compensating in a phase compensation stage for phase errors in an
output signal from the differential detector stage, the phase compensation stage
having an output;

rotating in a decision-based rotation stage the output signal from the
differential detector stage so that the phase of the signal output from the
decision-based rotation stage is within a predetermined amount of a
predetermined phase angle; the step of rotating being based on a decision
made using the output signal from the phase compensation stage, the decision-
based rotation stage being couplable to the outputs of the differential detector
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transmtted i nput signal in a communication system
the transmtted signal conprising a nunber of synbols
each having an associ ated phase, the nethod
conprising: 20 receiving in a differential detector
stage a transmitted input sighal, the differentia
detector stage having an input and an out put;

G908 a0d Inepnage tisareatBi RAgR It kb RREybRted f628on stage
tﬁf}iﬁéﬁbuﬁlﬁ%n&myp@a@phgwensati on stage having

tput; 25 Totating in a decision-based rotati or]
st ageacchewatingitins pgnarcumulationestager the HHutpdl signal from the

SisionResSdafups 28de L0r'F ot ol A e tfRithed input
éi%l@ﬂ?ih%réﬁdﬂm%laﬂ@ﬁl@ta%f hai/in%aﬂdmltmltmamid phase angl e;
the step of rotating being.

d i i .

usi ngharmaligingpin %i@fmaliiamafaiwﬁ?%@?aﬁ%'@ﬂ@gﬁ {Siﬂ&ut of the

t i si - t i .
SoRRURNA S8 I8 Reiliriaed, pall thal BOBCAIcBla, nomalized
%lt@_t.lﬁsignahgdhé gnermtbmfngj oalmsptEBigaaLom'r_resmgmi,ing :uathte phase T)ffset of

eci sion-based rotation stage .having an o si gn
N BHgPaBSpieasETbRlsCeAKRest DRSS freaieBbe GHisbend g, e offset

t ' ! 86 H ShisLit- d rotati
e ol B e S it fmput
5 si gapplyinghtheapitaseubfisetoto atfadkehinpuh @f dhe Rinaseat corapensation
DOl Zoithelaft 10 TRLAZALE 9N 5L2gS, SRR AR yhR in the
?ﬁﬁ&ﬂﬁteﬂi lﬁpg{ %Pbﬁa“%ﬁguce a nornmalized output signal;
ze

e nornma out put signal corresponding to the
phaseestirhating oé frequency: cefésaty betyesibl @ osakcosaatpheand the

hBEamseLnpHLsGhaCamdne PRASR Bl T nput signal s
appl yi ng the phase offset to a further input of the

phase conpensation stage to conpensate the phase 0{5 a .
Potferanly ntheystep ofireeeivingnibothe; differeatial detectar: stage ja, apsmitted

?Ap%rt]%ig'na?@gmprises receiving a transmitted input signal modulated according

to a differential modulation scheme such as a —E Differential Quadrature Phase

Shift Keying (DQPSK) modulation scheme.

According to a third aspect of the present invention there is provided a receiver

comprising the system defined above.

According to a fourth aspect of the present invention there is provided a method
for processing received signals in a communication system comprising the
method defined above.

According to a fifth aspect of the present invention there is provided an
apparatus for demodulating a signal which has been modulated according to
any one or more of a differential phase shift keying (DPSK), an M-ary
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estimating a frequency offset between a | ocal
oscillator and the 15 transmtted input signal from
t he phase offset. Preferably, the step of receiving in
the differential detector stage a transmitted i nput
signal conprises receiving afransmtted input signal
nodul at ed according to a differential nodul ation

he ugh_as ' i d :

et ines idering MRS CoRcRitdid abgtye, Prase
St RegmBetOQFSKendtstis scheatd icomprising the system defined
provi ded a receiver conprising the system defined

abmyee. 25 According to a fourth aspect of the present
invention there is provided a nmethod for processing
received signals in a comunication system conpri sing
Adsordimgt ko ch dekthnagpedtovt . thécpresdnhgnientiorf ithere is provided a

of the ﬁresent invg?r}ltt'bon there i [

dgrpadulatian fpPatatus 9iq¢§o mgicﬁsﬁg?é,%\%ing%gﬂgga%égﬂmprising the

%,@i ng to any one or nore of a
%ﬂ%%?%ﬁﬁegl phase shift keying (DPSK), an Mary 7
di fferential phase shift keying (MDPSK), or a

Different;al ature Phase Shift Keying (DQPSK)
Bﬂsﬁpﬁpantm%ﬁ& e 1898y t he system defined

P&ﬁéﬁ?d % Pﬁﬂfn‘?érﬁg SOt ghoﬁmioﬁsmptnow HheleBERSENt by way of
I nventr on ere is provided a denodul ation appar atus
éxamplec add with referencd4o dhe secempanying drawingspin whieh:

the system defined above. Brief Description O The

Drawi ngs 10 Preferred enbodi nents of the invention

Il?’lg'fu're Ha%s BescHBRfdtichisgraby sM@Mingfthem&ﬂJre ,of ancbrwientional

erence to the acconpanyi ng draw ngs, in which:

iqgure 1 j ' ] i r
el St rdfl Bt SRR MecoRfing to 2 - DAPSK
transmtting signals nodul ated according to a 4 DQPSK
riodutationsdheme;cheme; Figure 1 b is a schematic

di agram showi ng the structure of a conventi onal
Figure 1b is a schematic diagram showing the structure of a conventional

receiver system for receiving signals modulated according to a % DQPSK

modulation scheme;

Figure 2 is a schematic diagram showing a conventional decision-based

rotation procedure for use in a % DQPSK modulation scheme;

Figure 3 is a schematic diagram showing the structure of a further conventional

. T
receiver system for receiving signals modulated according to a 1 DQPSK

modulation scheme;
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recei ver systemfor receiving signals nodul at ed
according to a r DQPSK nodul ati on schene; 20 Figure 2
is a schematic di agram showi ng a conventi ona

deci si on-based rotation procedure for use in a 4
DQPSK nodul ation scheme; Figye 3 is a schematic

di agram showi ng the structure of a further

aua Als Sapersate MR TEShPWRA TR Miliei B 4 radeiRbeitem
é;d'fcagt!ilj%% bSpraferriteambogirdéiasiane sfvantiog fohrcelving signals

ceiver system according to a preferred

e ' : | PV eyH My si gnal s
AR okt d % TP SR g BRER st e
Figure 5 is a schematic diagramof a conbi ned signal
detection and frequency estimation system according

. th f er. | IRE .
i85 15n Sche Bt YGiEntOrR Shf e HiohACIREERG and frequency
StirhAMorr&yEte R addording fto bifarthenpiefeded étimdiment of the present
detection and frequency estinmation system of Figure 5;

iAventian;7 i s a schematic di agram of a conbi ned si gnal
detection and frequency estimation system according

to a still further preferred enbodi nent of the '
Pigare6lis afiggranamnatiarepréSertation ef the eontraliflay eftihgtgambined
representation of the controh. fl ow of ﬁaF.corrb'gned
sippakdetgetien: ang fregyaney EaUBALON S¥FPHLPY B9V 8t em
according to another preferred enbodi nent of the

present invention. 20 Description of Preferred

Eitjaes! 711e atschenwaticadidgrash ofa conebised signat deterctian and frequency
conventional transmjtter s for . transmtt.i
ssnatian Rydemsaceprdinedod s LENer B Bty af the
?pég%rm vaHEOn2akd ansmi tter system may be used to

ransmnt signhal s which may then be
Figure 8 is a diagrammatic representation of the control flow of a combined
signal detection and frequency estimation system according to another

preferred embodiment of the present invention.

Description of Preferred Embodiments
Figure 1a shows the structure of a conventional transmitter system for

transmitting signals modulated according to a % DQPSK modulation scheme.

Such a transmitter system may be used to transmit signals which may then be
received by the systems according to one or more embodiments of the present
invention, as well as the conventional receiver systems aspects of which are

shown in Figures 1b, 2 and 3.
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enbodi nents of the present invention, as well as the
conventional receiver systens aspects of which are
shown in Figures 1 b, 2 and 3. 9 The transmtter
system shown in Figure 1 a cogrprises an encoder stage
2 for receiving and encodlng the nmessage 4 to be

s i SRSk P T SmBAEh S i o 2 or

nodul at ed si gnal has the format (1+ Q where | and
receiviriee and- eheating tie smeasageatiuie neatraegm#t&%@eww foa -4-
The encoded signal output fromthe encoder stage 2

p{cfo%PétIBr{ §&ﬁ<rﬁ e'in & RNBRTHY Q8sdriptiohM ik assmheashat the

ess recei ver for decqding ﬁ q
mdutauadmgrmllhast the forma;rﬂﬂfl;)rwmr@ I aggeQV%r,e the in-phase an

g;;gdrlpltq%o\; %%?a léé’g?eé:\{\"vglye o fc§§édc%% pcﬁ*tﬁgte 1;rgm the encoder
%‘gw Q‘Ber fraRsmfteds bgélab @drﬂ/ehhanéloneﬂwomrsuobras ra wireless
he

elver. There are al so nany kinds pof ch&nnel

ot toca recmvemfome@ndmgem fesingeeutacigs In th traprfpitter and
i nterferences and atten n r of
fareIveg) Pég\lﬁﬂé’rﬁeﬁ?’?%tw g Stz’(ﬂec{s)surrgjc?) A Sthaing? there are

Wy Ehasé oﬁ@éistbétﬁ/eeﬁ\hhé ecdavassignaland the local carrier in
ure la, there is, an

d d fr
e secsiveratherei are @Isoerpaex i ohShanie magel 2 pnsmission
B];ag/gql} e/y;% If\@@:];mr ) |ﬂf§rfer?§%éess ?ﬁ‘& Qfehudtibis. For the purposes

Additive Wite
@Nﬁé'faﬂb\blﬁgsdeém |8 i$ fasgemdamau tha aheanel, sadeal dﬁeﬁdditwe
his is shown in a_as b added

waeﬁa@%mw AR E'@Hé% Jrdiect %mﬂé‘é@ d frequency
i nduced, Jne r &ivé 8ignal output from the
SpEpEp ey b weévfr@é@{?%%‘aﬁe@%ﬁeﬁ’%‘aﬁ%ﬂe O onred
@hc@daﬂ@ed of froquemicy bffsétn amdDRBKA podulSimilary, Additive White
sc enes, |nclud|ng 4 DQPSK nodul ati on schenes, the

é?i Ndise E}AWG&Z @llsJ@éhermac)i ih ke systerof afddhis is shown in
ues r and - and thus, t
tﬁagurze' 1a as helngmc@ggnnoetﬂ\ep@pc gnal g ‘@’Wﬁﬂ%‘ ?rgqﬁgﬁw offset 6
q_le transm LtSS per symbol, the input

as been induced.

The transmitter system of Figure 1a operates as follows. The message 4 may

be represented by a number of symbols k. In % DPSK modulation schemes,

including ” DQPSK modulation schemes, the phase of the carrier signal may
4

take one of four values (%, i} ——and —) and thus two bits may be

4
represented per symbol. As two bits may be transmitted per symbol, the input
binary data may be denoted by X(k) and Y(k).
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i nput binary data is nodulated in the 4 DQPSK encoder
stage 2 according to the algorithm 1(k) + jQKk) =
(I(k -1) +jQk -1))e" e(D(X(k), Y(k)) when X(k) = Y(k)
=0, AAD=r1 4 5 when X(k) =qy(k) =1, 0(D = 31r when
X(k)=0, Y(k)=1, A(D = 34 when X(k)=1, Y(k) =0, A(D
= 4 (1) and where: I(k) is the in-phase conponent at

'ﬁ%@ht binakp dStis hadiiaedimate af unaPeXBAESHSr sge 2 according
Ey OII k;tﬁnde(D(X(lé),Y( k%z()ls4the phase difference

ased on the binary data X and Y(k). The frequenc
tgthe otithMauced i n the encoded signal out put fromt%e

é i si gn
Fo ol G RR I QUa Dl put 11 om the 15 encoder 8'by

a frequency offset anount Af giving a new If(k) and
whérxkpes Yol onsp =£f (k) + jQF (k) =
(I'(k)+j'Qk))ej("+00)4= (I(k - 1) + jQk -1))e,/(2mITs
+ Op +_AD(X(k),Y(k))_§2) = (I(k - 1) +jQKk

when X(kY2VKky=en| Xplo —-%(k)) where: O(P is the phase
of fset ‘error’ at synmboM k; 20 AP is the phase of f set

di fference of success'é)r/e two synbols (synbol k with

WHERKX(k}e 3)Y (kL 1, Ad = e

when X(k)=1, Y(k) = 0, A® = %

and where:

I(k) is the in-phase component at symbol k;

Q(k) is the quadrature component at symbol k; and

AD(X (k),Y (k) is the phase difference based on the binary data X(k) and Y(k).

The frequency offset 6 induced in the encoded signal output from the encoder
stage 2 is represented in Figure 1a as multiplying the signal output from the

encoder 2 by a frequency offset amount A » giving a new I(k) and Q¢(k), as
follows:

1,(k)+ jQ, (k) = (I(k) + jQU) g’ ™"

= (k-1)+ jO(k - 1))eJ(ZﬂAJ‘Ts + Ap + AO(X(K), Y (k) 2)

= (k-D+ jOk -1) eJ(A¢'+A<D(X(k), Y(k))

where:

A, is the phase offset error at symbol k;
A, is the phase offset difference of successive two symbols (symbol k with

symbol k-1);
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Ts is tinme interval of one signal synbol; 220 fTs is

t he phase difference of successive tw synbols caused

by the frequency offset i f; and OV = 2ir fTs + OP is

the total phase offset of the successive two synbols

5 caused by frequency offset {fA f and phase offset A p
It may be seen that, when there is zero frequency

L ok A G
%&F’& ¥ AR H SRR S R ot 7 o

e, V\hlte Gaussi an Noise (AWGN) 8 is
QVé’ SPL stemto nodel the AWGN channel and

éﬁé%a%%zihgq“ﬁus nnemﬁ#eﬁ e85 offHtcy 36F ceioBshilE g symbols
Af

CASPE IR By aHagh b e AR TR domot ed as: It

(k) +jQ (k) =1f (k) +jQf (k) + N (k) + N (k)

(3) where: Nc(k) is the in-phase Additive Wite

SIHB7 s ESIRET T, e by BB 1) o zoo
SURE oA, B2 L AR B S 58n o

b A thef hefatiarting pipss, AR Lr¥a R based on the
@Q?t}{‘?at. ga}; 75\ receiver systemis descrl bed i n

. Digital Comuni cations, "Chapter
6: Carrier and synbol synchroni zation, " MG aw H ||

b S SR AR A R et o
\?\'ef VRt b hniét §ﬁt§ thslg ERoWRCiAl FRyurd Mex iakChsingJadded to the

ransm tte signal. The signal output fromthe
elmcﬁdcmdeaignal umlemhachoa fregueocy ofteep|6 dastbeemdndugesk  dfter the

BuESR Chaiheihien b Phiessrtel S te Rt gy anif dhed og Benoted

14 The si gnal out put

I, (k) + jQy (k) =1 g (k) + jQr (k) + N (k) + jN; (k) (3)
where: N, (k) is the in-phase Additive White Gaussian Noise component;
(k) is the quadrature Additive White Gaussian Noise component.

Figure 1b shows the structure of a conventional receiver system for receiving
signals modulated according to a % DQPSK modulation scheme and

transmitted by, for example, a transmitter system such as that shown in Figure
1a. Such a receiver system is described in detail in Proakis, Digital
Communications, “Chapter 6: Carrier and symbol synchronization,” McGraw-Hill

International Editions, Singapore, 3rd edition, 1995.

The receiver system of Figure 1b comprises a differential detector 10 to receive
the incoming transmitted signal. The signal output from the differential detector
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fromthe decision-based rotation stage 14 is applied
to an accunul ation stage 16 and the accunul ated

out put signal there fromis applied to a phase 5

cal cul ation stage 18. The phase calculated in the
phase cal cul ati on stage 18 ig2 then added in an adder
stage 20 to the previous estinmated phase offset to

i 1Ly . i_gat .
BRI 18 AIoTB Rk ogh5 oA P bt ot whicn
is passsd e dhé liwputlof rddcisioh-aisea mtalicn tstaged1 4nthe signal output
contain the freqg uenc-{%offset to be e

fF@T‘éP?ldﬂ?éﬁ'@ﬁﬂaé@@ dotation; $1a0e; 1 §rapR 7're§| tod%m @cggmuladion stage
REdy The {aééuﬁﬁﬁﬁté(ﬁ \Aﬁg%gnggrtﬁ%&%‘??qrg?%?‘%%‘pjh%%’?% a_phase

according

ddlcylation Qta@e)‘)& | Thie-phese@aldulateyl i tite phage Tplculation stage 18 is

tﬁ{ggk@qlc}edz in k%pXer( Qpagf) ‘Zaﬁx (éﬁe l)(e@(gds( &4% m%f (ﬁﬁﬁ%ggpoﬁset to
66‘{33|n-a %w()kéétfmét‘éd \ﬂa)ue of fhe(ﬂﬂia@e dffsetl) zcpr is the

phase jitt'er caused by AWGN. The phase conpensati on
stage 12 uses the previous estimted val ue of the 20

e Bl ol el B0 7 ek O At 3R ARy Regfpat 1, and
Qy %rs(cﬁ%l %et.[l gb@%{%%gb t@% ge%u%cékﬂkét to(t% estimated. Referring to

IﬂﬁﬂFé Gl'BeC{hébG’i’ffﬁrédidQﬁﬂéétbf GI'ID WeFfBrn'?s Q!Jff@re'nﬁal tdtébﬁectlon of one

ase of ri Op i's the total phase
symls@tsp@h aam@r@ngdeéhﬁ &d!owmg Q@ﬂﬂthrﬁ caused 25 by

e PG &C@&gdé B ABED 18 a1t 65 Pt ont

Nunber 5,574 99 \NhIZCh is di ct ed to a cohgrent PSK
det ect or whi Kgﬁg ‘j eriapo TR ER ver(y)

proposes a fi t| mating the frequency
\%ferse?t by initially settlngA = 0. An inproved nethod

I, (K)=1,(0I,(k-1) + Q,(k)Q,(k-1) and
Q,(k)=0,()I (k-1) - I,(k)Q,(k-1)
A(pcl is the phase jitter caused by AWGN.

The phase compensation stage 12 uses the previous estimated value of the

phase error A ', to compensate the differential detection output according to

@ imp

the algorithm:

(k) + Q. (k (Izr(k—1)|

As mentioned above in connection with Figure 1a, the phase offset

) qu +Ap, "+a0(x (k). Y(k)))e— JBD (5)

A,'=27A T, +A, is the total phase offset of the successive two symbols caused

by frequency offset A  and phase offset A, Agoc' is the phase jitter caused by

AWGN.
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for estimating the frequency offset is described in

United States Patent Nunber 5 6,038,267 directed to a

di gi tal denodul ator, a maxi numval ue selector, and a
diversity receiver. In this system Al' is instead
initially set to a fixed valyg of approximately the

ri ght order. The phase conpensated signals I, (k) +

j t

Uiegt Slag8Y 54fbpt NefiSa 0,872 300, WICHIEREREEACA 29 o bBAGrent PSK
dedéétbr avhich a@eslﬁot\/\ll‘écnjlreuemma reco\ekry ep[roposes tofinst anethod for
theaguadrants in which the  signals |i

inarihg deaqiancy xffesh by dnitjallyl aeting A =" Sruigproved method
nore detail in Figure 2 described, pelo hen rot at
fonestinatieg mgeﬁga@@aofiwjdaﬂ@scnbeq 3 t!n]m%gi %(l?éf: stcaiantSumber
é 638 ﬁB?Xdlﬁeﬁgéd tté’)‘%r B{QEQF dg%ﬁp%r l%\aﬁ\%%rﬁFthhe hléttd® and a

e signal 1s originally inth

dWér%tty qoesivant Ir( Mis systém, ok at isdnsteaddnitially settd fa fixed value of
required. If the signal is originally in the second
appdxiavdtelyBhe right rdert ati on cl ockwi se will be
required. If the signal is originally in the third 4
quadrant (C), a 4 rotation clockw se (equivalent to a

Thé Ogﬁééé’n lehs eBC%r?ﬂé ?"btk}? 2@ [(BaWutEt frémt rtﬁe phase

si gn |s|o rnally in quadrant (D), a

thé -b d tati
SApbilop S8 e pebsel ing patbrng on b rtton
stagedi4 which m aahardsdegisionhie dacidesthen qwmi@ﬁits i which the

m,of. o | t
s 4B 5P VR PRCUARH Bl 8835 34 (BHien ' i more el
AURLRET2 d@ébnb@dcﬁéfba?et@lew tdtatesstheg phasel cmmpénsatbd signals
next  step. This sinplifies the conparison. 25 14 Aft
i (&) g6}, i) otovardedtheo eaxin rof thee firstequadiapt &1ases: Oha at hard
be cal cul ated by neasuring the phase of the rotat ed

§odGah: Thtl?e éstﬁﬂhog{;/nél' |§50r en*theXfirst quB8rarthiAsea 2 rotation

erroL deno est o. This phase is added4

to the previous estl ase, of f set

elpclvise il b rpapired ot SI@HEE‘@ iainaly 4 414, 8eCond 4ladrant (B), a
3z

" rotation clockwise will be required. If the signal is originally in the third

quadrant (C), a ST” rotation clockwise (equivalent to a 37” rotation anti-

clockwise) will be required. If the signal is originally in the fourth quadrant (D), a

7—4”— rotation clockwise (equivalent to a % rotation anti-clockwise) will be

required. It should be noted that these values are the values on which the %

DQPSK system of modulation is based. This step is included so that all
symbols, irrespective of their quadrant, may be compared with a single value at
the next step. This simplifies the comparison.



10

15

20

25

50V 'inp . Essentially, the average phase is
calculated by sunmng up all the I and Q signals
separately and cal cul ati ng the phase of the sumred |
and Q The accunulation stage 16 perforns the summ ng
up of the in-phase | and quadrature Q signals as
follows: k-1 sum =Y 1, (6) O k-1 10 sumQ=2: Ch O

A’%‘%&ﬁ'@n%glg&%q'%ﬁota%%sﬁﬁoﬁga%%ﬁcgﬂ P“fgl i be cajeulated by
rﬁﬁﬁ?&’tﬁ@ééﬂé&?h%é dfangqotated sighal sHnRsymbol lies ombtha x-axis, the

ror A "est , as shown in Fiqgur
phaket errot fienetad rayt 8"y d wero1 Thiss phage gﬁa@tdle& F%Qﬁe previous
09"est Thus: AV Il est = arctan sum Q sum

stiinated pse2 Offaekis, Lnéo ebiaiy o Ak RsiTATEd iaseypiset value

value A9"est to the 20 previously estimted phase

af f.seEsgahtiallyathd average nhasebs grah:u!@tﬂ@\m)p%gmmga@@@ll the I and
pﬁase of fset value & "'i

Qesign4l8)separately and calculgﬁng the phase rcT)T?tt‘re summeé tI and Q. The
accumulation stage 16 performs the summing up of the in-phase I and

quadrature Q signals as follows:

suml = kz—l:l,, (6)
sumQ@=3"0, @)

Where k is the number of symbols used for the frequency estimation.

The phase calculation stage 18 computes the arc tangent of [ mg] to obtain
sum

the phase error A", , as shown in Figure 1b, and updates the estimated value
of the phase error A", .

Thus:
A" = arctan[sum Q} (8)

sum I

The adder stage 20 adds the newly estimated phase error value A", to the

@ est
previously estimated phase offset value as follows to obtain a newly estimated

phase offset value A,',,:

Ay =B, A" )

@ imp @ est @ est

where A", is the updated total phase offset of the successive two symbols

caused by frequency offset A s and phase offset A ,.
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where & 'inp is the updated total phase offset of the
successive two synbols caused by frequency offset Af
and phase offset Op . 25 15 The phase conpensation
stage 12 in Figure 1 b is thus arranged to inplenent a
conplex multiplication equatiign. In order to obtain
the sine and cosine of the phase offset value A |inp

Theapﬁé’é@{: Eﬁéé’tﬁﬂpéﬁgé'@ IBLFI LiePTh ?saih%'é]ff'érflﬁ%dﬂéﬁhplementa

enen se COlTp nsati1 on st age
ommslem maditipheation emeatdnmlmmdebksebtamtthelame arulg@osme of the

is shown in nore detail in Figure 2. t
nha@er eﬁ%ﬁti ¥AlUBTAs g @w&@@%@%ﬂ%%%%tf'grf&ﬁﬁ{'%ﬁ C‘i%"’%?%‘ op must
towards the x-axis fjgést guadr ant based

] Q
'Blefﬂﬁﬂteﬁ’dF‘dhﬁeP@%P&ﬁ"?&er@ﬁ Wﬁs > Figure 2 shows a
4 rotation clockw se of the signal 10 (A if it is in
the first quadrant, a 34 rotation clockw se of the
As gﬂeﬂltldrﬁh above, the dueclgontbasybm n@tathm s@g@Mqaaﬁh\oa\m in more

PRI A e
{gktbggfgégr%m%ﬁgrﬁ%t x-a)éi’é‘%fathé figst aguadrapt aRigedsen that hard

| (E»t }o 4 rotation anti-clockw se) of the

I gna if it is orlglnally in ghe fourth

d@cmﬁnas tshowax: | VBus.oRigurR Roygws ?egd@F?é&P'b?'ngf"se &the signal
estimation neLhod avoi ds the arc tangent cal cul ation
equat i on above) in thesghase cal ul at.i on

éﬁ‘)df ittig in the fesh sivadrand, f%n%"t irgtation) Q‘P‘S”('F’%r?fzéﬁ%ég']air@ if it is

5 above) }n the phase co nsation stage 12.

receiver for use in this aISanate fr nc fset kY4

cuginal Inoienesonsl ausdransory Tatetion, Heciemsd Bauilent to a 2

reference nunerals as those Used in Figure 1 b have

Ritafion sAfl-didckeaseiest thansighah(Cy gur i Sriginalieirotiee third quadrant,
I dentical conmponents in the two receiver systenms. The

ﬁ g ver SRk KWisBYeBuRafcPiRG a5 €S rétatibh fa‘hh%c‘:l@hse) of the
GurvaaT

ect,.pr O recelve ncodi ng transmtted

signal . The output si omthe diff
signak(Dyif it is ongmally in t eafourtl[m quadraent Ifferential

An alternative conventional frequency offset estimation method avoids the arc
tangent calculation (equation 8 above) in the phase calculation stage 18 and the
trigonometric function calculation (equation 5 above) in the phase compensation
stage 12. A receiver for use in this alternate frequency offset estimation method
is shown in Figure 3. The same reference numerals as those used in Figure 1b
have been used in connection with Figure 3 to denote identical components in

the two receiver systems.

The receiver system of Figure 3 comprises a differential detector 10 to receive
the incoming transmitted signal. The output signal from the differential detector
10 is applied to the input of a phase compensation stage 12, the output of which
is passed to the input of a decision-based rotation stage 14. The output signal
from the decision-based rotation stage 14 is applied to an accumulation stage
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10 is applied to the input of a phase conpensation
stage 12, the output of which 1is passed to the input
of a decision-based rotation stage 14. The out put
signal fromthe decision-based rotation stage 14 is
applied to an accunul ati on stgge 16 16 and the
accunul ated out put signal therefromwhich conprises

e i f .
L Chl s AL e
e B ous!y g Mt hse of 1S Yal A e
iR poaIt)gh &tage o2 « KU aeB! e laccyngﬁ%ﬁsa 55taud "Signal by the
. | 1 T
FRPOLEH S’ fRite Blfsct VHGTATHERGURUL Slghe 1o te multpler

stlfafge &niseapplieetoy thesinpub b @ noimalization stage 2ddieepliain a newly
0 set

.. Thus, e receiver t f ElLgure.. '
SR B, TSEh VBB, HB0URUES 2 Bt S o of e
AV bitdee phase offset value 0,,'inp to the phase
cofpensation stage 12 to conpensate the phase of the
i ncom ng signal (equation 5 above), the system and

PRl ey oGt aveiel o FadtBls, ifers Yom il shBfy i Figure 1b in

Haf fiistead bHT A r dhet [phagddafiset agsludo of, 1 i the phase
system of Fi gur‘gﬁgmg i's rlggl aced by the 15 mul't | plier g

%ﬂﬁéngﬁidrﬁ%tﬁéjw ity Cbrapersatp the iphasenehtthehimcoming signal

?ﬂ(i%;gglrlg% ;o%eb,ﬁéy%&énaiw&ﬁghgﬂggﬁ ﬁ-‘-ﬁbﬁrg% applies the
Su | +, m.i = i R ! + .

P fa.ﬁfw %)F-)'-j(T -ulﬁ)"'"PSéZe 'b{?t &ée aé@é%l L‘iorfnd%eﬁ%%ht éSS| %al 1s,2| ﬁilrectly.
Eg%‘hﬁ}g{%&( @q‘. %@8?’; gfﬁgﬁ?és {gpmltfg Q%éyte{?hgf Ellgg\'ij? gg?}!;‘yrléplaced by the

ARifipiet ethgead2 ¢as 8RowauniFigure 3)torimp@meértthat aacnumudation of the
t he ‘anplitude of the sumi

e e P v s
est tion T, . , .

LT RIS UG B0 DGR O S0
5 b0 S . QP 4 non o
ﬁ%@??@)ﬁ&%ﬁf&e .()Elg'gn%&ﬂel igg%gg}ctyy #d PPdvio@sty igslianed value

_ s descr i thr to the systens
i L9l RLAD) (equation 10), the amplitude of the sum',,, I + jsum',, O may

increase greatly after a number of frequency estimation cycles. To make the

amplitude of sum',,, I + jsum';,, O relatively stable, the normalization stage 24 is

used to adjust the amplitude of sum',,, I + jsum',,, Q.

As mentioned above, there are a number of problems in the frequency offset
estimation algorithms described with respect to the systems illustrated in
Figures 1b and 3. Firstly, these algorithms are complex. In particular, in the
method described above and illustrated by the system of Figure 1b, two
trigonometric function calculations are required, namely the calculation of an arc
tangent and the calculation of the sine/cosine.
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Figures Ib and 3. Firstly, these algorithns are

conplex. In particular, in the nethod described above

and illustrated by the systemof Figure 1lb, two
trigononetric function cal cul ations are required,

nanmely the calculation of anqarc 30 tangent and the

cal cul ation of the sine/cosine. 17 Furthernore, in the
systens of Figures 1 b and 3, conplex hardware is

i ncluded. For exanple, in the systemof Figure 1 b
EHHenRITS, ihWhe G95RIne ohBiguied 1leanad 3, camligx hamiware is included.

Sonsesarmmien b Goueionr SEFne BT S o niek Adfiplers,
rgagﬂgl&eﬁée%tf%te‘?\luh?ﬂéte%d’ tﬁé‘@hgéé fc%h?dﬂdsﬁhon stage and in the

asé conpensati on stage a
§9$témIQ$fl Figurd agmeuétaee thiee campmmattupberssmgmly dke differential

M@C@gﬁt@%tnn 581 CampERReliTe Sad Aok e O ERIE e Hrer the

¥t|6 édéﬁ@!'vtéﬂ £a oPmBliEARM stagest i mation and

are ere ot suitable for handling the transition
fromthe state where no data is being transmtted to

Ag9mﬁéfnﬁ‘§qfcg/\'ah e oﬁgﬁ% @g@?@%l naﬁg‘&&ﬁfbétnsggneﬁribgd above is that

e%y' refit hééwi?eoni) KR5S pRécading bstimbtiomehdaare thbreforeagot smtable for
af fect frequency offset estimation.s

hasdling th\g tran%tlcpjbtfprraﬂw state wheee npdala s Bings rgppmited to the

0 [ e rj
Gk AR o bp P Wliafited bnns) O Rocate s being
ﬁdﬁfthmﬁd Iﬁmléél&/ln(s’lﬂktml)lpnbswt én thbechammebandothis may affect the
syst ems cannot ener a rrect the est
e SlToResTatan Svaiem o in & rent 26 paftaRlel feauency
ication. Furthernore, the above-descri bed

convte%ﬁéryaqm al gorithnms are unable to handl e the
transition froma no data transm ssion state to a

a tra SSI n st n ;
g&q ﬁp& |0HE§‘:{§E ||g%dd'?edctlg ﬁ'fgml\t%egtéssbqgaf into the

feigh® ﬁﬁ | UadRast fnf WRW)Co@iidlh itioes c‘aynséntmrwlcb stems cannot
q&g ?e@{)brogosed by enbodi negt%g of the y

lgenerailymrrqmé e rgséimatiopoerrer bY éh@msalwp%rafgt is Will result in the
é?‘ljél(ll;!St(#Ealh?d #@Hﬁ]gg&[t%ﬁ F drfhePmofd1&ther aBEN 2 dBEEHId 88nventional

algorithms are unable to handle the transition from a no data transmission state

to a data transmission state.

A simplified frequency estimation apparatus and method and a combined signal
detection and frequency estimation system and method are proposed by
embodiments of the present invention, preferred embodiments of which are
illustrated in Figures 4 to 8. One or more preferred embodiments reduce the
complexity of the frequency offset estimation apparatus without introducing any
performance penalty, and the combined signal detection and frequency offset
estimation system and method according to an embodiment of the invention
may handle the transition from a no data transmission state to a data
transmission state.
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conplexity of the frequency offset estimation
apparatus w thout introducing any performnce
penal ty, and the conbi ned signal detection and
frequency of fset 30 estimation system and net hod
according to an enbodi ment ofgthe invention may
handl e the transition froma no data transm ssion
state to a data transm ssion state. 18 A first
preferred enbodi nent of the invention is shown in

Kifast préferrad emboditernt bednhai ihventitineisssbewnoirarfFigure 4 and is
appar atus and nethod for estimati Eg_afreggence% EJ %
descgbed gwm refarenserqsarh apRaralis Aq PrEstimayng fegauency

4 n
gﬂb fere ??Iaw&rgglr%gt E?é:a“ P a@ﬁ?ﬁ}a&bc@q ﬁg &%gg? Snple @

gﬂﬁg%{tug[} ﬁﬁggé %}ﬁpﬂ%p{mgawg&d Dﬁ%ﬁ&wtﬁf,ﬂ W{Hdéfu% Phase Shift

nmodul ated signal is received on a carrier and is
Keyihg e(BQRSK)wmodmpmtonoscmm ahdrteansnaitted dlyeatttansamtter such as

%ggﬁﬁ‘g\& F39+g'eai?p I\gtllggorg%g{{ggéﬁgwélgﬂg lgg'ﬁgéltvg nl?) carrier
?p@le@%' b QfpASTos! dffek @itich Botiere30id ThH‘cﬁutput sighal of the

romthe ase conpensation stage 32 is also
dﬁprerélal detestor 3&& appliechto the: inpuémoba seosempeRsation stage

3%%%& 3?{!%@5&8%%@#‘&0@%%@%}%@ 'ﬂ‘?e 36 Lﬁ'éi’gﬁhﬁaf?cﬁﬁ the phase
Féh'éé;ttdnoﬁagé 326is Hbso amlewtbmn inpu ofathe‘ desisiohibasedgotation
applied to the input of a normaljzatio

stagpud4si dheal Olﬂipbl sigreal 1850mMo then (Gesiiqns a§?cgggta§§)nl §page 34 is
f

SORIEREE e b eSSkl e the by i rm whi s

aﬂp‘hdﬂmsm@ﬂrim&tof mofmhmttqmust@eg&&.l Theoutps signal from the

OiSRlZaHOn halASR 2B orEn SR SAEY ital) prisitg . ket of the
%B&e%gfv%g@ﬁ sytheoR! &a éé?inb‘yhﬁeguérf\@f skl deametphase offset

e system of Figlre operates as’ foll ows.

Ay e LR SRt (i RRERRion o, 3818 HeorBbhied to @

are grti ze and contain
%urﬁ'\er input of the phase compensation stage 32 to compensate the detected

signals from the differential detector 30.

The system of Figure 4 operates as follows. The received signal is represented
by I, and Q, and it is assumed that I, and Q, are digitized and contain the

frequency offset to be estimated. The differential detector 30 performs
differential detection of one symbol span according to the following algorithm:

1,(k)+ jQ, (k) = (£, (k) + jQ, (RN, (k ~1) = jQ, (k =1)

(-

_1)| ] iag'+Agp, +a0(X(k), Y(k)))

I

where:
I,(K)=I(KI,(k-1) + Q. (kQ, (k-1 and
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frequency offset to be estimated. The differenti al
detector 30 perforns differential detection of one
synbol span according to the following algorithm Id
(k) +JQ (k) = (I r (k) +3JQ (k))(Ir (k -1) - JQ (k
-1)) (I'1r(k-21)1"+ IQr(k 1) I1§ | ej (edpl +AV~
+AQ( X( k), Y(k))) V\,here =1lr (k)Ir (k -1) + Q
Qr (K)I r (k -1) - 'r
ékgkg‘éwlék)ll Itr%énz& letter cauged bi/ AVGN.
The out put si gnal fromthe differential detector 30 is
app! is ¢ke phasagttencausest by AWGH. phase conpensati on
stage 32 where the signal is conpensated for the phase
error (offset). The phase conpensation stage 32 uses

'E pggrfl;f siéﬁalﬁ%%%%er&ﬁﬁ e‘deﬁ ctbP% HE?azﬁth@grththe input of the

O conpensate
ﬂﬁs&cmmpen@aﬁmﬂm c32 d\rmage ttbe 1signadal|sgoomnqqm\sated for the phase

qarrqm?q&ﬁ k'}h@,ﬁpi?ésg %{)agghrgé é(lﬁq%(f@ é'?? HL{gpestlmated

&ﬂﬁg 5}$§ 5p(ﬁ[ag eér{ offsed A" T 1§ ciSn@%n'sété b Bfepéntial detection

Nel%Stcdessi®e two synbol s caused by

@%@Eﬁ@g‘iffdﬁ{@jﬁgfé&?ﬂﬁﬁkphfsj:Qf’f () out put from the
a ® + JAP',
Et J&k. ?’t)ﬁ%pékrls) GﬂQpé’?e’SF)@%Aa? fﬁ nﬁg‘fyl ;ggﬂ@?mﬂﬁh

uses a hard decision to decide the quadrants in which

?—\E mentiieeS abdve TiRe cdmpksiicn - WitheFigureat1ayn the aghase offset
en rotates the original differential detector

QULPRLA ST, gire) is the: tokgl phapeofisry of(t\nptqwggsyhgg\go symbo|s caused
conpensatl on) towards the x-axis of the first

bydaigaehcyatfeet An ahd phaseeffset ilgned deci sion. 20 The
out put signal fromthe decision-based rotation stage
34 is then added in the accunulation stage 36 to

The” hasau| creRerato SIGR ok (Pis i ) oBCMit o ‘the  phase
réan?gnlsg? ct)rll %I?agset %gearggaﬁp |edrk8 the input of the decision-based rotation
stage 34 which uses a hard decision to decide the quadrants in which the
signals lie. The decision-based rotation stage 34 then rotates the original
differential detector output signals I, (k)+ jQ, (k) (without phase compensation)

towards the x-axis of the first quadrant based on the aforementioned decision.
The output signal from the decision-based rotation stage 34 is then added in the
accumulation stage 36 to outputs of the decision-based rotation stage 34 and
the accumulated output is then normalized in the normalization stage 38 in the
same manner as that described above with respect to Figure 3.

To obtain the estimated phase offset value, the estimated phase offset value
(sum'I + jsum' Q) is further applied to a further input of the phase compensation
stage 32 to correct the phase of the detected signals. Therefore, the resulting
estimated output is related to the total phase offset of the successive two
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same manner as that described above with respect to
Figure 3. 25 To obtain the estimated phase of f set
val ue, the estinmated phase offset value (suml|+
jsumM Q is further applied to a further input of the
phase conpensation stage 322po correct the phase of
the detected signals. Therefore, the resulting

. , I .
AR SRS ARG A8 AP 19 s
0. f , - o
T
[?1h&“s©eﬁéliit1¥§,l t?t‘é?étﬁ&?b?ﬁblir@ﬂf&é mﬂiipl;m,oftthegs‘)tsjemrmbeiguge 3 to be
e multiplier o e em of. Fi gure 0 . .
amiteded N ArShERGtHTe AUl (FEPIYI e e imeiamentation without
%{ﬁg&ﬁ@?%yég%ﬂx‘ggghﬁﬁé degision IS8 REqdricy étimidtin is based

requency estinmation i's based
omthehsignalgwitrs phasdcpmpensatiompensat i on. A preferred
conbi ned signal detection and frequency estimation
system according to a preferred enbodi nent of the

Rag?ﬁaﬁean\és gy 1 Sig§d10Watdatiohi @anbe fréduency Nestimation system
aciiriog tolscprefamertMmbodimest o th pesARtRYaEAds shown in Figure
acnordiog .

u al s .no ed. i ' . A -
Sk oo PG, k) BoQif /o aErmolier e chamel
%fﬂ@nmhb;séfrpet r@?r’ewoe rﬁuﬁémhl‘ss as thodd eisedsineFigufe 4 have been
Figure 5 differs fromthat shown in Figure 4 in that
userhin conspelian aviths Fighie £ to denote ientite) cpﬂmw'?%m The two
g{ﬁtg ure 5, the input of which is taken fromthe

u

“of the differential detector 30. The out put of
the signal detection stage 40 is used to enable or

e e ERere, € e ooh BLE BRCPTRiuge 28 4 Wit  sonal
p e {ibﬁrétz?g?@%_ is%ﬂclﬁéedtnggh@_%zy@hﬂ af ifguret Some3idpandf which is

normalT zation stage The anplitudes of the ,
takepuirsmathet dtput bf he diffesentinldsiedier 30. rabe rutpdieef the signal

[ h ' . .
SeB ud0 ] X B Rimpll o P, e comation sstom
CORPRSING tRb (ke ldbngsdiation isteyec B2y rthe detisiobbased votation stage

25 to be receiving transmtted data, oth rvmgg t he
aﬁameeacqugntdgﬁmgage&%and dhe normalization stage 39.

The amplitudes of the outputs of the differential detector 30 may be used to
estimate the signal power. If the sum of the amplitudes over L symbols is
greater than a pre-set (predetermined) threshold, the channel may be assumed
to be receiving transmitted data, otherwise the channel is assumed to be idle
(that is, it is assumed that no transmitted data is being received). The sum of
the amplitudes of the outputs of the differential detector 30 over L symbols is
given by:

S\ ) + 70 (B)
1=1
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(that is, it is assuned that no transnmtted data is
bei ng received). The sumof the anplitudes of the
outputs of the differential detector 30 over L synbols

is given by: LI Il dl (k) +JQ, (k)I 1=1 21 ~l,
(k -1)12 + 1Q ., (k -1)1 z ~gji ei (AV1' +ACL(x(k),
Y(k))) r=-- ~Vv rl (k-1)1I 2+1Q,, (k-1)1") !=1

zﬁjﬂ:e fi rsL i nst ang t he absol ute val ues of the
Er@uia ae) ;L uwmwwewm‘ synbol s are (11)
ted. |Qfﬂea %ed result is'greater than the
predeterm ned 5 threshold, an enable signal wll be

gﬁ {ke glh se offset estimation and

ore th TYequency offset estimation will be
erforrred If the averaged result is less than the

Iprtbel irstrinstance t theeahsoluie valugisefihe déffajﬁaﬂa'véqtﬁcteéoutput over L

SRS a0l P06 Byaoel TEBUE REdheRlritfibn the predetermined
hessHoM, & ehBbblec sighianadll beggmierdhedearnd time phdsé raftset estimation

ff
o Fsetore thS peabeat s pRAon WSS Bo e e averaged
e
L TR s 3 e v o

génarated m@tlwphasesaaq &iequencyoffeet estimation willlhe egassaede
signals received in the first two colums is greater
than the 15 predeterm ned threshol d val ue, the

ﬁgﬁfé‘%”lﬂ%stfét%etﬁe &ohtiRbE e cembRiddosigRdl detedtibhiand fsequency

I nue e periods of those third and
eﬁmmmtlmsmﬁm ofnFigure 5h Baeh gﬁlglmramf@sgh@ a period during

ﬁ/hg:%felr mbp dmtap:r es{]e%:gzg/ﬁgi?l lg% Phéwﬁgiﬂqtgegﬂteg%ﬁ@ft-ﬂﬁ?\d) column,

%?rfeﬂ‘hé 88tcRBidPHnd fethePseuridecoliimalatsigres hs)hgamadeiected If the
an therefore, at the end of _the er d covered

20
symt iof gheosignals reeejvechdp tyer Jigst ymps [Sc greater than the
predetermined threshold value, the frequency offset estimation is performed

and this is continued for the periods of those third and subsequent columns in
which a signal above the predetermined threshold value is again detected. In
the final (far right-hand) column, the signal level has fallen below the
predetermined threshold value and, therefore, at the end of the period covered

by this column, frequency offset estimation ceases.

An enable signal is generated when the signal level exceeds the predetermined
threshold value and a disable signal is generated when the signal level falls
below the predetermined threshold value. These two signals may be combined
in a single enable/disable signal.

In a further preferred embodiment, instead of the amplitude values of the
detected signals output from the differential detector, the squared values of the
amplitudes of the I and Q components of the differential detector output signals
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An enabl e signal is generated when the signal |evel
exceeds the predetermned threshold value and a

di sabl e signal is generated when the signal |evel
falls below the predetermnined threshold value. These
two signals may be conbined 225 in a single
enabl e/ di sable signal. In a further preferred

t t i
8 B8, R0 SeRFLAR 100 P s8R 4 i etpichll s generain
dfethe@habl,e/dlbablecsjmai)iawdrdm tofthe fielloving leiquaties: of t he
and Q conponents of the dlfferent al detector output

et sng U B b SARLETDE Jt "o gL strenath

shabl e/ di sabl e sf 'gnal ) according to the fol |l owi ng
equation: z E I1dl (k) + JQdl (k)12 = ~Irl(k -1)12 +
1Q, (k -1)12) (12) 5 In a still further preferred
enbodi nent, the sum of the absolute values of the I

A sgl Ferred eHbi‘)dﬂﬁbﬁlCttﬁé’ sBhiBhlife absslute f/aluﬁs of the I

the erenti aI detector nmay be used to estimate

and) Qabompoeegtsmf(mnouetaehedwg@aintq%puttfr@mgtaﬁedlﬁere@\tfal detector

may%%&a &q%éﬁ*‘%t% %@?ér%\/%kr)aaaﬁm( %nﬂ tﬂgrét%ﬁc?ﬁ ql the generatlon

éﬁ&elﬁdblélblsaﬂﬂel&gr‘ralb aGEdidin to%é?ollcmmgle u‘aa&ohx (Kk),
SR o Ao (o YR =1 (13) In

ﬁﬁé @3 lTQ gﬁgred enbodi nent, instead of using the
1 QulfHs output 15 fromthe differential
fétector 30 to control the generation of the

SOl fordT €l Geria Tssihm ot iR P Ehiar 8o a 0 Y00

30 may be used. Such an enbodiment is shown in Figure
@.%Th! s is the sole difference between the
odi nents of Figures 5 and 7 and the sane

In another preferred embodiment, instead of using the detected signals output
from the differential detector 30 to control the generation of the enable/disable
signal, as in the system of Figure 5, the signals at the input of the differential
decoder 30 may be used. Such an embodiment is shown in Figure 7. This is
the sole difference between the embodiments of Figures 5§ and 7 and the same
reference numerals have been used in both figures to denote identical
components in the two systems.

In order to improve the reliability of signal detection, the control flow of the
combined signal detection and frequency offset estimation system may be
modified slightly, as shown in Figure 8 which illustrates a system according to a

further preferred embodiment of the present invention.

When the channel is idle, that is, the system is not receiving any transmitted
data, two thresholds may be used to detect the start of reception of transmitted
data. In Figure 8, each column represents a period during which L symbols
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reference nuneral s have been used in both figures to
denote identical 20 conponents in the two systens. In
order to inprove the reliability of signal detection,
the control flow of the conbined signal detection and
frequency offset estimation ggstemmay be nodified
slightly, as shown in Figure 8 which illustrates a

[ f elq e
Y BRCHRRARIE, Tt fhe, st o elacRoRc by Mo 2A3E e aeh-hand)
doharhin), ¢f, thehsusmatezhamplitudesrof the mgmlatwbe mad b tdetermine the

h hol
S Rt TG Sraalit 4R et o Piedeidrmineg  hRsrtidofaiue 1, a
s“e%Hg‘?ie‘c@rPr'ilﬁéG @Jg?na?ll sﬁéﬁ@t‘h@egun wilgbetusel tb d@mﬁmbwﬂﬁa second

received.” During the first period (denoted by
pradeiermmed( thresheld: valued inc dheirseconds colnens @inkioure 8. The

B VI e ook 30352 . 3 M pSFcIla By v e

detong N@dtervimation lof §|gnSE(scredgthet£larrgeedhm ghel second threshold
strength result will be used to conpare with a second

\&lyg ddet er mi ned threshold value 2 in the second col um

of Figure 8. The channel will be asserted to be busy,

that is, data is being received, only if the second
Wekarthe chahnel isfousydaalin she thingt and fourtiv grdun‘trisa‘romrtbe left-hand

d th | d
368 FhnFlaMes Pt ATRHUEBGY : 1SeS) Brinepiosth catEe op B i siona
&étg&oﬂmlFbS rﬁJ sW“Eorf‘anFé‘fHéCd’et@ﬁﬁﬁl%H Sléhél*&feﬁgﬂi fesults with a

carried out), e “si gnal detector w | conti nuously

thudmredetelnmmmi thresheld \ealtgenal Té\ﬂ@ﬂ;ﬁ' el blet%SSﬂ"lelﬁ' te be idle

SPGB GAFSARE LR L s sone

ﬁ?édqlﬁtré&ﬁlté/\hié l€agCtHEah tR8|third fthﬁelsaoldlewaummede.stmabnsecutive
rength results are |less than the third tg__[esh

estinatian pereds (as shovwweinthefisth and sl coHmpue of ddgur

shown in the fifth and sixth colums of Figure 8). The

sel ection of the above three thresholds may be based

Phe isBRxctienlof the tabove thivecthteshblds avay bérbeskdlah thenesal system.

be set to the sane val ue or t\g& ?ipafferent 20, val u

threshold i @ndnhthseshald 4 may |hes NG same, YIS, of two different
VALES HeferdbfPihréshoi®t is less than threshold 2. Threshold 3 may be set

to the same value as threshold 2 or to a different value.

The systems and methods according to one or more preferred embodiment of
the invention may be applied to the forward frequency estimation schemes

based on hard decision-based rotation.

With the method and apparatus embodying the invention, a simpler

demodulation apparatus for modulation schemes such as % Differential

Quadrature Phase Shift Keying (DQPSK) modulation schemes may therefore
be derived. The embodiments of the invention thereby assist in reducing the
demodulation complexity of such schemes.
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to the sanme value as threshold 2 or to a different

val ue. The systens and net hods according to one or
nmore preferred enbodi ment of the invention nmay be
applied to the forward frequency estimation schenes

25 based on hard deci sion-baggd rotation. Wth the

met hod and apparatus enbodying the invention, a

si npl er denodul ati on apparatus for nodul ati on schenes
such as 4 Differential Quadrature Phase Shift Keying

HESERINg BCieaspilication enevhictayhd bppafatus aBd methods embodying
derived. The enbodinents of the inv g\ ion theret?
thesInvention r aigu e nige t yeed, dalinfuPatti QE b@nﬁpg%alt'f/s éfocess steps

uc . i . ¥ i i i
GHEPRREIBEER BRI e a0 ot b, o
ASI(he Alteathtivaly, part graalt obfhet apparpius/prooess stepssiessribgd above

descri bed above, ma e constructed or integrated in
may drdmplemgpted.n f&{argn 5 ASIC. Alternatively, part

or all of the apparatus/process steps described above
may be inplenented in software. I n concl usion,

ycarsissiomdhesystedes aod snethads a§0@rﬁé190¥0e@§_rﬁre§ﬁ't0$¥%ﬁ9" may
G e8] B 35 e EBA o BByBOEE LR S pecivor o
sYfhfiNication dstsf. of fset estimation system and net hod

according to’one or nore preferred enmbodinents of the
present invention sinplify the algorithnms used, for

le tQg .  Dlicat i
8B B RSB b8 gt one o v
gségb&ra@;éﬂmmbnt&a@mei prasmtdn‘fémm sigpiifyctheaigentbmsnyised, for
et nod accor t ; i
muapls taist pasgomiex fivyfeieips LAt il oy fhoe penaly.
gpﬁggﬁhoﬁeh thé %MBTR%@%E%%@%Z%@HQ{&BHQ% @stiationhystem and

esti mation al gor Vari ous nodifications,
fethde secbmingdata poéferred embodimentnviaithandledie transition from

ab b de, F
il 195 anaPL{5S DB chaEnel JREPeD: MBLPE: R Hrps g the phase
ARLYestihaton Myokitimpr ef erred enbodi ment s of

Various modifications to the embodiments of the present invention described
above may be made. For example, other components and method steps can
be added or substituted for those above. Also, whilst preferred embodiments of

the invention have been described above in connection with an apparatus and

method for estimating the phase offset in a signal modulated according to a %

Differential Quadrature Phase Shift Keying (DQPSK) modulation scheme, this is
merely an example of a type of modulated signal to which embodiments of the
present invention may be applied. One or more preferred embodiments may be
applied to signals which have been modulated according to alternative
modification schemes. Thus, although the invention has been described above
using particular embodiments, many variations are possible within the scope of



the i nvention have been descri bed above in connection
Wi th an apparatus and nethod for estinmating the phase
of fset in a signal nodul ated according to a 4 25
Differential Quadrature Phase Shift Keying (DQPSK)
modul ation schenme, this is w@grely an exanple of a
type of nodul ated signal to which enbodi nents of the

resent inventio [ ; ™
135 e 65 WIE b Sledlrd (g R rEdor Wil BBpeing from o spir
M&W theduNaitioth. according to alternative
nodi fi cati on schenes. Thus, although the invention has
been descri bed above 30 using particular enbodi nments,
many variations are possible within the scope of 25
the clains, as will be clear to the skilled reader,
W t hout departing fromthe spirit and scope of the
invention. 26 CLAIMS: 1. A systemfor estimating phase
of fset between a local oscillator and a transmtted

i nput signal in a comunication system the
transmtted signal 5 conprising a nunber of synbols
each having an associ ated phase, the system
conprising: a differential detector stage for
receiving a transmtted i nput signal, the
differential detector stage having an input and an
out put; a phase conpensati on stage for conpensati ng
for phase errors in an 10 output signal fromthe
differential detector stage, the phase conpensation
stage having an output; a decision-based rotation
stage couplable to the outputs of the differentia
detector stage and the phase conpensation stage, the
deci si on- based rotation stage having an output signa
havi ng a phase, the decision 15 based rotation stage
bei ng arranged to rotate the output signal fromthe
differential detector stage so that the phase of the
signal output fromthe decision-based rotation stage
is wthin a predeterm ned anount of a
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predeterm ned phase angle, the decision-based rotation
stage being arranged to rotate the output signal from
the differential detector stage based on a 20 decision
made using the output signal fromthe phase
conpensation stage; an accupgl ation stage coupl able
to receive and accunul ate the output signal fromthe

&r&“ﬁ%on based rotation stage for a nunber of synbols
transmtted i nput signal, the accumul ation

stage having an output; and a normal i zati on stage

coupl able to th t f
for rw?tem‘i@r@%téﬁaaﬁ%inr&ssé&&??ée bwasrin 4P RerRias AP a

ABRE TG4 i HAamBRIcatoR sy aRaedns keaiTad signal

si gnal roduce a normalized
ohpriding iagnarhbet dxf&symbmialelanbmawmgmm assagiated phase, the system
corresponding to the phase offset of two successive
@%ﬁﬁ%ﬂ@gcaused by the frequency offset and the phase

of f sej &ﬁﬁ‘é] o%téﬁB%ta@é%nL tetleVingBdrahshiitted Mputetgnal, the

|nput SI hase conpensati on stage having a
ditfetdrdial dma(l:torcsdagdhhelrlllnt]r&ii1 lppggend anfadput s appl i edgt 0

P e ehese omERaate stfbeltdy REbEN5alnG FIENERE eerath an
g&?ﬂf ngﬂﬂl frémctheal différentiied tedtor Btagd, the phase abmpensation stage

efector stage is arranged to receive a transnitted
haying asi @utput; nodul at ed accor di ng toa Differential

Sg ﬁg ' 844 s;;W ﬁag?/cﬂ]ét%] |0|l\(§Y AR ko W?UWQ Bf the

acco ngto clam wher ei n
HifRrévitrl detsdibnstdge msiethephlase oompmnsatlon stages ke gecision-

gggg‘i %I!?g tgtﬂgﬁﬁi‘g‘]ﬂg%\aﬂ&ﬁ tlgl’%j U| %] Rgﬁctgglrﬂeemsﬁon-
§§§ Qﬁoﬁ 9 agjgeabéihé B% rét‘é'@fhesb@l@u@s@hanﬁbm the

cting if a nunber of synbols
dﬁfdrdamal rdmtsctot stageusqmm ﬁ\egmasqﬁ\itbe@lg@aj @it from the

gggllslgguggsegc{ ftation gt%%re] S withis tp%cﬁgtgﬁ'ﬂlnteiaraerﬁg%fjof"é" ue
predetermined phase angle, the decision-based rotation stage being arranged
to rotate the output signal from the differential detector stage based on a
decision made using the output signal from the phase compensation stage;

an accumulation stage couplable to receive and accumulate the output
signal from the decision-based rotation stage for a number of symbols in the
transmitted input signal, the accumulation stage having an output; and

a normalization stage couplable to the output of the accumulation stage
for receiving an accumulated output signal therefrom, the normalization stage
being arranged to normalize the accumulated output signal to produce a
normalized output signal; the normalized output signal corresponding to the
phase offset of two successive symbols caused by the frequency offset and the
phase offset between a local oscillator and a transmitted input signal;

the phase compensation stage having a further input to which the phase
offset is applied to compensate the phase of a subsequently received symbol in

the transmitted input signal.
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predetermned tinme period. 6. A systemaccording to
claimb5, wherein the signal detection stage is
arranged to generate a signal for controlling
operation of the system 7. A system according to
claim6, wherein the signal g@etection stage is 20
arranged to generate a signal to enable the operation

f the_ s em. | ed i
L1 andhe ¥t Rl iehGigTaRTS, Bhe AT difeforaf detector stage is
é/rﬁér@ég tlﬁadr@eéilaéra' transittedenguesigeal mbaula_aeopam'mgmd ried
t hreshol d val ue over a et er i me Jdod.
Biferendial Quindselaes Fpage i Kevines DS o bR Saafme.
detection stage is arranged to generate a signal to
di sabl e the operation of the systemif the nunber of
3y mhoA system hecondingstai ¢laienl 1) wherteis thpredesetenined phase angle
anplitude determned to be |ess than a predeterm ned
B#€E3hol d val ue over a predetermined time period. 30
28 9. A systemaccording to claim5, wherein the
signal detection stage is couplable to the output of

he djfferenti C t : i isa ~
Socor hisygtens apPardfiid iRl 2 iipir e soflkBacheme s a 2
stage is 5 couplable to the input of the differenti al
(RQRPSK) madulgtion sghemesyst em according to clai m 6,
wherein the signal detection stage is arranged to
generate a signal to enable the operation of the _
syst em dyktériaccotdig to ofair yirhurttsericomprising arsignal detection

i nput signal have a summed a

it o e
d@eh rfar detecting ifea grEbes P: PW&'EBEI i?\ ilépg gr%g\pgu%é:cg msuﬁ gignal have a
t ; ; . .

SR i GreRiet thén d freieiRARIPITRARSId Vel over a

predeteinined timgperisd gnal have a summed anpl i tude

deternmined to be greater than a second predeterm ned
threshol d val ue over a second predetermned tine

BE" | O g\kfem according to claim 5, wherein the signal detection stage is
arranged to generate a signal for controlling operation of the system.

7. A system according to claim 6, wherein the signal detection stage is
arranged to generate a signal to enable the operation of the system if the
number of symbols in the transmitted input signal have a summed amplitude
which is determined to be greater than a predetermined threshold value over a
predetermined time period.

8. A system according to claim 6, wherein the signal detection stage is
arranged to generate a signal to disable the operation of the system if the
number of symbols in the transmitted input signal have a summed amplitude
determined to be less than a predetermined threshold value over a

predetermined time period.
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12. A system according to claim1l, wherein the first
predeterm ned threshold value is the sane as the
second predeterm ned threshold value. 13. A system
according to claim11l, wherein the second
predeterm ned 20 threshold pglue is greater than the
first predeterm ned threshold value. 14. A system

gt plftelPadodbufiloith otEs Sflereltftrdl s At Sage s
doRplabié entHy oditbat o/ tecdiffeferttinbdetectdrestagd. synbols in

the transmtted input signal have a summed anplitude
25 which is determned to be less than a third

fJ.edef gyéﬂeﬁ‘? c&&’rﬁﬁr@ﬁ%lc‘i’alﬁﬁ‘j LWhé’l‘éﬂ{ the?sigHal detection stage is

predeterm ned tine peri od . A systemaccording to
cdupilablélﬂo thehimpet of tHeedlﬁareftﬁlabde@@tCHrﬁﬁﬁigﬁad t hreshol d
value is the sane as the second predeterm ned
threshold value. 30 16. A nethod for estinmating phase

Piiseds @tbwsec&dh@ct@l cl&iFe6] Whedin thalsignal detestion stage is

I nput sfgn |nacormun|cat|onsste

arrmd tot@eneragmmsngml toapableithe Oﬁel’ﬁl!ﬂ@e‘?ﬂgﬁ syt ffdhe

n
SRR 8 LR R0 fa e PR obAa R 8 urmed ampltuce
\nghaﬁﬁé”tdrhﬁﬁ’ed fobé gfe&egthartdnﬁrst wrédeterminedl thoashetd malue
age havi an I nput a t 5
VeSiEa st DIAHRIATEINPE IS RGO and Ghie Enia PGl th I
ﬁ%@&ﬂﬁteﬁ'lﬂ @'JS| ﬁQI dvdta ghh“rﬁé@ﬁﬁipﬂiudéedééhﬁfneatté% greater
nsa I'on stage avi ng an out put
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coupl able to the outputs of the differenti aI det ect or

13. A system according to claim 11, wherein the second predetermined
threshold value is greater than the first predetermined threshold value.

14. A system according to claim 11, wherein the signal detection stage is
arranged to generate a signal to disable the operation of the system if the
number of symbols in the transmitted input signal have a summed amplitude
which is determined to be less than a third predetermined threshold value over
a further predetermined time period.

15. A system according to claim 14, wherein the third predetermined
threshold value is the same as the second predetermined threshold value.

16. A method for estimating phase offset between a local oscillator and a
transmitted input signal in a communication system, the transmitted signal
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stage and the phase conpensation stage, the

deci si on-based rotation stage 15 having an out put
signal having a phase; accunul ating in an accurul ati on
stage the output signal fromthe decision-based
rotation stage for a nunber @b synbols in the
transn1tted i nput signal, the accunul ati on stage

SBiod LD o RS8BT 1 e

ihg normelize the accunul at ed out put signal to
produce a  normaljzed output si g t he nornmal i zed
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out pmecgivg'}galn %gﬁeégmgptﬂ?thos d:apytsignal, the
iﬁgreﬁﬂlém oVt s‘fér@és’ %§ig§aé1‘§iﬁﬁupé(nd Eﬁ dutgatrency of f set

_ ase 0 tweeh a local oscillator and a
tr anscfbmpenbatmwn ssphase corapphsation stage forphass egers in@n

; .
&ﬁé&%ﬁ%@r&ﬁ%s?Jg@%%§¥igl2€é§s@8%f’?%ﬁﬂ*f Pliase Sofb@HEatch stage
{.@g (%Jtsuntsmtted i nput signal; and estimati ng a
ffset between a |ocal oscillator and t

t r ansmtatingjln a degision-baeed rotafign staggihe @ugqqt§égnal fom the
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He&SipALEdsd rotdtion stageds \thml pmﬁatemaedlampmtaﬁ a
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ro at | ng rn a 5 deci si on- based
baséd rotation steye tbmng la:'opplabte tprthie dutpmstofetheldﬁere@h@h@tector

Csecard teciien Sapeevalorcabhind ddtioR 818l A efh stoe
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eter anount of the phase angle,
t he phaswnatajﬂng ib@inraccuendatiarostage the eutpssignal iom fe

deeRioebsed rajatort shoedfr Sotingdr drSERASh 4 fatfmiteq input
S i'tﬁé%cb@ﬁﬂ'léﬂdﬂ\gstagehh&m% fﬁ oewut;nand si gnal

dul'at ed according to a 4 ferentj al at
normalizing in a normalization stage coupla%le % ﬁ\e outlrJ){JF of the

accumulation stage to normalize the accumulated output signal to produce a
normalized output signal; the normalized output signal corresponding to the
phase offset of two successive symbols caused by the frequency offset and the
phase offset between a local oscillator and a transmitted input signal;

applying the phase offset to a further input of the phase compensation
stage to compensate the phase of a subsequently received symbol in the
transmitted input signal; and

estimating a phase offset between a local oscillator and the transmitted

input signal from the phase offset.

17. A method according to claim 16, wherein the step of receiving in the
differential detector stage a transmitted input signal comprises receiving a
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Phase Shift Keying (DQPSK) nodul ati on schene. 15 20. A
met hod according to claim16, further conprising
detecting in a signal detection stage if a nunber of
synmbols in the transmtted input signal have a sumed
anplitude greater than a predgterm ned threshol d val ue
over a predetermned tine period. 20 21. A nethod

tF‘C Csl(r)rhgecri] g"ﬂ'ﬂ aﬁ%rﬂééﬁ@lgt{gﬁr:{da%ggdlgﬁp o [?lrfﬁgbrﬂ%'i‘ Blildrfre Phase
SHIRKeYing (DQPBK)ahodulation sbiseragst em 22. A net hod
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in the signal detection stage a signal to enable the
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have a sunmed ude
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somarsrsciist ety oBpGh the dhfitehtaeistiop bo thet the
S tgﬁ%@t;r'ihltd‘u?put:ﬁbrﬁ it dbcidRinclsadennratatigrestageiigwithin a
I sa he operation of the systemif the nunber
prledefertined amqumé of thenphase éﬂlglﬁnthﬁt P'!ﬁsg?n%ﬂ‘g'ﬁ i)ﬂngizero
sumed anplitude 31 determned to be less than a
predeterm ned threshold value over a predeternined
‘19 e Rehbdd attordingd krzimald twhiare@ the srtdambﬁreneiving in the
onpri sing coupling the si det ecti on e to
dfiorantiah Jetastor se0d iy anseitpgiingHd i) Comptises T9geivho a
met hod according to claim 20, conpri S|,zn coupling the
Fhosmittedeinpat signal mbdylatedactardingdota lﬁ@rentlal 8uadrature

differential detector stage. 10 26. A™ethod according

: i t th
ERgie SR Koyt B S o R e Pre
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p¥ené)e(%erm|nedttrr'ﬁetpre?88mtted i nput signal have a

21. A method according to claim 20, further comprising generating in the
signal detection stage a signal for controlling operation of the system.

22. A method according to claim 21, further comprising generating in the
signal detection stage a signal to enable the operation of the system if the
number of symbols in the transmitted input signal have a summed amplitude
determined to be greater than a predetermined threshold value over a
predetermined time period.

23. A method according to claim 21, further comprising generating in the
signal detection stage a signal to disable the operation of the system if the
number of symbols in the transmitted input signal have a summed amplitude
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sumed anplitude determ ned to be greater than a
second predeterm ned threshold value over a second
predetermned tinme period. 27. A nethod according to
claim 26, wherein the first predeterm ned 20 threshold
value is the sane as the secgmnd predeterm ned
threshol d value. 28. A nethod according to clai m 26,

Joiehfnpa 15 Bs TBRE Hara PREIAGARER icshBRheie bTere L.
pFeda@rminetetimeberiodor di ng to claim 26, further
conprising generating in the signal detection stage a
Si %Jgal to disable the operation of the systemif the
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_ termned to be less than a third
giagel & teroutpdt of thesditfecential detestaristage.ur t her
predeterm ned time period. 30 30. A method according
to claim?29, wherein the third predeterm ned

Ll eSR%&hbala&o'rcﬁn%t@c@&ﬁ’eoaeotﬁpeismcmqsnng the signal detection
predeterm ned threshold value. 32 31. A receiver

stage to therippub of thesdifferestiat datactor stage. A net hod for

processing received signals in a comunication system

5 conprising the method of claim16. 33. A system

%6? ?f Alrﬁ?t_hbld afddo@rd‘ing to elamel 1 wheyeiortbe steprof generating in the
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27. A method according to claim 26, wherein the first predetermined
threshold value is the same as the second predetermined threshold value.

28. A method according to claim 26, wherein the second predetermined
threshold value is greater than the first predetermined threshold value.

29. A method according to claim 26, further comprising generating in the
signal detection stage a signal to disable the operation of the system if the
number of symbols in the transmitted input signal have a summed amplitude
determined to be less than a third predetermined threshold value over a further

predetermined time period.

30. A method according to claim 29, wherein the third predetermined
threshold value is the same as the second predetermined threshold value.
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ary differential phase shift keying (MDPSK), or a
Differential Quadrature Phase 20 Shift Keying (DQPSK)
nodul ati on schenme conprising the system of claiml.

36. A nethod according to claim 16, wherein any one or
nore of the nethod steps arg2inplenented in software.

25 37. The nethod according to claim 17, wherein any
one or nore of the nethod steps are inplenented in
hardware. 38. A denodul ation apparatus for the
Jlecodangceiveriadmprisimgthesystent of clairoripri si ng t he
systemof claim1l. 30

32. A method for processing received signals in a communication system

comprising the method of claim 16.

33. A system according to claim 1, wherein any one or more of the
differential detector stage, the phase compensation stage, the decision-based
rotation stage, the accumulation stage, and the normalization stage are
implemented in software.

34. A system according to claim 1, wherein any one or more of the
differential detector stage, the phase compensation stage, the decision-based
rotation stage, the accumulation stage, and the normalization stage are
implemented in hardware.

35.  An apparatus for demodulating a signal which has been modulated
according to any one or more of a differential phase shift keying (DPSK), an M-
ary differential phase shift keying (MDPSK), or a Differential Quadrature Phase
Shift Keying (DQPSK) modulation scheme comprising the system of claim 1.

36. A method according to claim 16, wherein any one or more of the method
steps are implemented in software.

37. The method according to claim 17, wherein any one or more of the
method steps are implemented in hardware.

38. A demodulation apparatus for the decoding of data, said apparatus
comprising the system of claim 1.



