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RATUS AND METHOD FOR FRAME DETECTI ON

ENCY OFFSET DETECTI ON I N A RECEI VED
”m mm_, NI CATI ONS SIGNAL 5 The invention

rel gtes to an apparatus and nethod for frame detection

and/or™ frequency offset detection in a received

wi rel ess communi cations signal. Differential phase

S 1 ABURITGETINH WEFHGRS Folls FRIBTRETCHIOR AnpTGR

wi rel ess communi cati ons
Quadr BREQUENGYeOBRSET DE@ECITQONEQD?(P)Rg:ElmpnﬁmNEbESS
WLAN systens. 8DPSK | S [ Dt uet oot i um
Rat e sgstem ,rla %@W@%E‘Hﬂé@'ﬁ%bse in S 54
and 1S-136 TDVA systens, the Bluetooth Medi um Rate
system PHS, Inter-vehicle communication (1VC and
Road-t o- vehi cl e comruni cati on (RVC) system

Terrestrial Trunked Radio (TETRA) system and
satellite conmuni cation system and so on. 15 Fra

dBe suanyan Jpiatas lARARRAraYIS ARd methorbfafifeame detaatien and/or
L R e e

the purpose of finding the correct starting point of a

?ﬁ%@fﬁtﬁj@ﬁﬁé s{u‘?ﬁ‘%@&@g%%@f @ﬁ){d %fo%o%g‘%g"dée r ?Fé Wihely used in

w'eebisgecorprmﬁwm%snsoché*ampl@h@:ﬁerdrmghmiairafu\rféltlgl?%&;.e Shift
|

800 MoPSKici FrRaves 18 AN CeySTabe IR i Usrd in the

th%tc%{h EdiuRP Rl sPdterk 7?74?9@’"51( ﬁ’soﬁfdéid%@:d for %geqms 54 and

fset estimtion and correction net are used in

kﬁ i ef JWAcﬁymmms,ct@Bu B)Inemln Mmdlum Batepey&iemePHS Inter-vehicle
- of f
AR (T oo SMLaEBRR, ey pretem.

Terr@&riak cesaked RBdICSL(TEam/E) @ystwm,saindorsatellmeotcommumcatnon

gys?vrlndgﬁld Sohe performance of the

Frame detection and frequency estimation modules are two important modules
in wireless communication systems. The implementation of frame detection
methods is for the purpose of finding the correct starting point of a data frame to
ensure any forward error correction (FEC) decoder (e.g. Turbo or Viterbi
decoder) in a receiver performs correctly. The performance of block decoding
schemes such as Turbo decoding and Viterbi decoding is sensitive to a correct

determination of the correct coding block size and position.

Frequency offset estimation and correction methods are used in wireless
éommunication systems to compensate for frequency offset of the received
signal caused by clock drift and Doppler shift. If the frequency offset is
excessive and suitable compensation is not provided, the performance of the
demodulator at the receiver will be degraded and the original signal data may

not be recoverable.
I

UMM

*G00002*




10

20

denodul ator at the receiver will be degraded and the
original signal data may not be recoverable. *000002*
2 A comon structure for a frame of a wirel ess
conmuni cations signal is illustrated in Figure 1. A
frame 10 conprises preanbl e (gR) portion 12 and
uni que word (UW portion 14 in each frame. The frame
10 al so conprises data payload portion 16, subjected
hye X I . .
B okl ion 3, R, fidlers SHbfpduiesdert sional is
lllas&élfeelcmeﬂlghye tihe A fremy 1 0rcahprises pf&amel(@@)oyﬁomon 12 and
reanble éi“gortlon while UWportion 14 is used for
P'&H@ wrid OROHIND 14 HyGaek {rapie- Sidte Eamentl Alse. comprrises data

F%i‘) éé%ﬁﬁﬂ?&%%?%ﬁf%ﬁ% ‘&Q@h]bﬁ‘( {P%Dé Q\%ere %fure 1.is

TsrtimeencadmigerTifrﬁregqtﬂmmatioﬁf aing Bmﬁroeiqahmylsoéﬁscﬁed by the

(S 40 B P iog PR SmiRe 12 T mmRRERY portion 14 s used
fditfﬁin\{@Hete%tlbﬁ%U\f&!qm%\}lb%éﬁeétﬁ#@ﬂldrv conprises a

denodul at or nodul e (not shown) for denodul ating the
received synbol with local carrier eJ2i" which yields

The k¥ reeewes %pﬁn%u 8Nfréel 1IEcAIP BB debakBAtel Ky Symbol ~as

follows: d( (Ik +. 1Qk)ed[2; mIkr+4w] (2)" Likew se,

the (k- 1)th dem)dul ated synbol is defined by: d k -1 1
Lkt Ay T, s W () = - (k1 JQ-1) (3)

ﬂkpf ZQ}L t’?é denodul ati on of the signal conprises (1)

compl ex mul tiplication of d(k) 20 and the conj ugat e

fod(k- ield he foll k
%heré gqyell%(rrijseéipguiﬁﬁg oz\,_%\dnsggpre(ff Qqqenpyﬂﬁ(sqt A:,// is the carrier
E)hasé [oztxfgrencybetween Qransﬁnt%(r) ag krelceJlrve an?j TX is the symbol

R

interval.

A receiver apparatus usually comprises a demodulator module (not shown) for
demodulating the received symbol with local carrier e/*7 which yields a

representation of the demodulated k™ symbol as follows:

d(k) = (I, + jQ,)e "o )
Likewise, the (k-1)!" demodulated symbol is defined by:

d(k -1y =, +jQ,‘_,)e’[2’W“‘"""’*A"’] (3)

Differential demodulation of the signal comprises complex multiplication of d(k)

and the conjugate of d(k-1) yields the following result:

d(k)yxd’ (k=1)= (L + jO)/ ™" (U, + jQ, ) e Bt ov]

' 4
=l + jO)x +J'Qk—|).xe'/2”‘vl-‘ 4
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3 The differential nodul ation schenme determ nes the
rel ati onshi p between the adjacent synbols as being:
(lk + J&XK) = (I1k-1 + jK-1 1Ak (5) Wiere AKX is a
di fference between absol ute phases of two consecutive
5 synbols k and k-1, which is_determned by the
rmdul ated signal at synbol k.~ Hence: d(k) x d ' (k -
1) =VIk | Z+ k-1 1z )x el2 , x efjO (6) The phase
S a f f
Hea @"éfﬁgézntxarsn&flﬁg |3/r?g)c(:mrerglgsé e?%mefoﬂ'ge éél?ﬂérﬁg}ffp between the
dd}a)sédf é)k‘ﬂﬁ()ls%sjt@mgl k- 1 2 + &K-1 2 Oommn frame
detection and frequency estimation systens are
i npl enmented by correlating the received signal with a
QD at tails of which are available to
Fﬂe rekcl:)’\eéll(\?"eftk%g;sbérjh@ng t he known UWsynbols are napped ®)
into phase ACK. The next step is for the out put

RUDR) b 94 Rt S, fobiey, AbogEly phyeS.of ugegpeecutive

g%BH% K Sé\'ngnlg z%? Sﬁﬁ@rr“{nep&ii@é‘#ﬁ ﬁ%gg)élqmat symbol k.

Haked27 J (8) Fbre Ak = Il k-11Z + 1 Qk_112 represents
the energy of synbol Kk, L is the correlation 20
length and Ak - AKX k =1,..., L are a set of phase

c thie =g Aued synbol s and the
@Kg ‘?quin‘gdr'ﬁqetgﬁle)g cor rgz ation, the denodul ator (6)
checks the anplitude of the correl ati on result

The phase offset of the received signal resulting from the frequency offset is
expressed as:

oy, _ dk)xd (k=1)xe™**

> 7 (7)
|1k—1| + |Qk—l|

Common frame detection and frequency estimation systems are implemented
by correlating the received signal with a known UW pattern, details of which are

available to the receiver. Assuming the known UW symbols are mapped into

phase A¢k’. The next step is for the output signals from the differential

demodulator to be correlated with e'jA¢f in a correlator. The correlator output

signal is defined by:

L _ ' o L _ (o . L R
SUM = Z(AkeJZfrAfT,eJAme-JAo’k )= Z(Akefzwﬂ-e!(wk Agy )) = /P Z(Akej(Mk YA ))
k=1 k=1

: ®)

2

represents the energy of symbol k, L is the correlation

2
Q-

Here 4, =

Tk

length and A¢,‘—A¢k' k=1,...,L are a set of phase differences between the
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SUMfromthe follow ng: AW= e'z' '' x E(AkeJ(AO'-AC")
= (Ake' (o -eft ) ~(9) k=111 V1 5 Meanwhile, the
di fferential denodul ator outputs are also used to
estimate the signal energy. The estimated signal
energy Ais expressed as follows: L 1, A =1 Akejzi~
"(ACk A0" ) = EAK (10) k=1 k=1 The correl ation out put
AVMP wi |l be conpared with the estimated energy A |If

: j r with the known UW
%}%ﬁé‘?jgss}niﬂﬁeglgn?&ﬂﬂ?%éwﬁe%%nqgﬁgw d be very cl ose.
Moreover, a determ nation of the frequency offset can

' f rel u : .

Af P80 B BiEn, e BarHEaiglor cBRRe s pitliuae e cogrglation resut

sbiv franadhesfolowingown frane det ection and frequency
estimation nethods require many conplex nultiplication
operations. The 15 resulting calculations require

conpl e» rdwar e(and -gofit ywar e, for-\Yi npl enentati on. The
A eﬁEﬁmﬂa b %‘aﬁlgpgeﬁ%lgﬁ }j‘dent claims. Some (9)

ion’ ¥g det’i e
optional features of 'the invention are defined in the

dependent clains. An apparatus and nmethod according

i ohhRis o Be SR il oot btsud bre At heed tp,pstimate the
sighaloshialy OTheEstin am? ﬁ@teefétr%{e AT @spressBH GistBRows:

apparatus, the conplexity of t har dwar e and/ or
software for frame detection and/or frequency

est iznmti on fc_tr the werel ess conmuni cati ons receiver
W&ymake@%af ¢y‘“§ﬂﬁp2j/fki ed. Frame detection can be (10)
performed by a mani pdl ati on of the received signals
whi ch correspond to subtraction operations in the real

domain 5 . _ _
The correlation output AMP will be compared with the estimated energy A. If

the received L symbols are matched with the known UW symbols, these two
results should be very close. Moreover, a determination of the frequency offset
can be obtained from the correlator output SUM by calculating the phase of
SUM.

As it is clear from this analysis, known frame detection and frequency
estimation methods require many complex multiplication operations. The
resulting calculations require complex hardware and software for

implementation.

The invention is defined in the independent claims. Some optional features of
the invention are defined in the dependent claims. An apparatus and method
according to the independent claims offers significant advantages over known
systems. For instance, by introduction of a phase detector module into the
apparatus, the complexity of the hardware and/or software for frame detection
and/or frequency estimation for the wireless communications receiver may be
greatly simplified. Frame detection can be performed by a manipulation of the

received sighals which correspond to subtraction operations in the real domain
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i nstead of the conplex nmultiplication signa
processing algorithns required in known systens as
detai | ed above. Also, by introduction of phase
detection, differential denodulation of the signa
can be performed by real subtraction. The present
invention will now be describéd, by way of exanple
onIy, and mﬁth 5 reference to the acconpanyi ng

Iﬂ‘[ @I&me ﬂh':ralﬁ &siggwafpggc%%lép‘a é"f%s H]'ns required in

Str UC ure
knmvu rsystatnsms detajedlabolve g Wiso, Dyi intred bittirkofthregeatetection,

ustr a fjrst aparatusfor f etection )
qﬁveﬁanoaqugeé’ Siasal ah bR ReFforMed Y elisubtraction.
WI reI ess cormunl cations signal; 10 Figure 3 is a
bl ock di agram representi na a signal processin
g

bPePARIBN IHenting Wit e e Sfobqﬂi by veayof @fagm%e aply, @ng with
féfeﬁéﬁcg'tégﬁ@ EdhHShyiRG dRewiRBs 3h Wiidipt | ve structure

rame a wrelfess comuni cations signal;
Figyne 8 i$ aildock dlagcam diiusinating id $tostturstfong feanse obaavireless
appar at us. for . frqrre detection 1s and/or frequency
8‘?’?@5’(”' PORE W 0f a wirel ess conmunications signal:

ARflire Biigurfioék diagrarhlin@fratihg @ el asparaaRNfor Ranie Sé188f4n
processi ng operation of the apparatus of Figure 5.

Rradier freAgenBifeetdelrationdn areceived vifglasacemnusicatioamsignal;
f
ﬁ@h‘?&% 9% tﬁq_ﬂée&%gé%rﬁg?ﬁ%géatlg%a% érﬁ?r&e‘és%md Q&rbﬁon of the
apparatuseoftfigdieg2;t al  converter (ADC) 34, digital dovvn

%g\r/?e% I%ﬁéég%c&'éﬁﬁﬁradg’&t%pﬁsgf él{?gr Ny LPF@.)ture for a frame of a

Wﬁ‘élé%%b)’rﬁhﬁ(nlﬁéﬂéﬁk%’ighal alternatively, a single,
| ex LPF coul rovided instead), tine

Eﬂuﬁrﬁt@ 6@'0%@'@9@”42' USHBEDY @ SEEORFtAPPaIURBerrarse fdgtection
f
LRSS GRS CEIGHE B8 STl anc

r ane c an reque
E@urmﬁti!s erblodmﬂuagmm eepresantitgla signal pmmsamgsopﬁﬁambrsof the

ur bo_decoder nodule 48. In operation, ADC
ng)rébbsl ééégﬁrea%nodul ated ,r/4 DQPSK modul at ed

Referring now to Figure 2, a first apparatus for frame detection and/or frequency
offset detection is described. The apparatus 30 comprises analogue-to-digital
converter (ADC) 34, digital down converter (DDC) 36, low pass filters (LPFs)
38, 40 for the in-phase | and quadrature Q components respectively (although,
alternatively, a single, complex LPF could be provided instead), time estimation
module 42, module 46 with sub-modules for implementing phase detection 46a,
differential demodulation 46b, frame detection 46¢ and frequency estimation
and correction 46d. The apparatus 30 also comprises turbo decoder module
48. In operation, ADC 34 receives a demodulated 7/ 4 DQPSK modulated
signal 32 from a digital receiver (not shown). Digitisation of signal 32 is
performed by ADC 34 at an intermediate frequency (IF). DDC 36 allows
recovery of the baseband signal and LPFs 38, 40 perform out-of-band noise

rejection. Time estimation module 42 receives output signals from the LPFs 38,
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signal 32 froma digital receiver (not shown).
Digitisation of signal 32 is perforned by ADC 34 at
an internmediate frequency (IF). DDC 36 allows 30
recovery of the baseband signal and LPFs 38, 40

per f or m out - of - band noi se re%ectlon Time estimation
nmodul e 42 receives output signals fromthe LPFs 38, 6
40 and out puts S|gnals to nodul e 46. Modul e 46

r I n i i .
BB LR R BT hid BE el SO iy uaion
dfemeShpnt siglmawtassmg rmal ddseribed belale padeto mﬁnw‘iitm a soft
aener ates a hard deci sion outgut after

?@S@@t%ﬁwm@nﬂd%wPO&eC@%bd Mdigh ggg@ra(tﬁﬁsa harg gecision
9?&)@@' 5fteﬁ§ Eé?ﬁﬁﬁed Hﬁm%@f' 8f BOE4dif |té€a|ti‘3>fns]c o égcoder 48

I gure out puts the recovere t stream
d’hemesdteeeiat@ portmxdm@aoﬂﬁamee‘rﬁéoﬁ/lélgute draad@utpytsahe recovered
éro estimation nodule 42 and cal cul ates the

aine cbhase of these | and Q signals. The kth
recei ved synbol received at phase detector nodul e 46a

EE‘%T‘G he%eclkoumf’%ﬂf ‘{ﬁa@rkﬁgwggqgm,o Slg.;lgsgllseﬁgrrnet?%g es?matlon
RodaRe4dX nd @aiciate$ e abb@UR pPhadeSofith8sé I SAYENSYnals.

of fset, Ayr is the carrier phase difference between
transmitter and receiver (carrier phase offset), Ok is

frhs ra'bseéém@d myﬁ% qfecteivyad ADPHbSE %téétanaho@mesa@ﬁ)q}om time

k, and Ts is th ol interval. Then phase 1
q@tmah@nw@ulqé&asexmsmeg in equation (11) of t he
kth received synbol i.e.: ~O k=2irAf kTs+Ayr +0k (12)
After differential denodul ation in nodule 46b, the

e diffar en[c,e/ub.at,we tlhekTs+kH¢,,land the (k-1)th
zggl F é? Sol's is def’{ned by: (11)
A~9k= 27 Af KT, , +AWrO< 27zAf (k-1) TS+A

W, AT B Srsauency 1Seh - i Von ST Pash B ienge Letween
{Fﬁngﬁﬁtﬁ 'Qn'aet%cQNSF Q@C@ij%ggg%fébﬁn%l i84th& WERBIutE phase of the

hase dete
modulated signal at symbol k, and 7T, is the symbol interval. Then phase

detector 46a takes the phase in equation (11) of the k' received symbol i.e.:
@, =27AMT , + Ay + ¢, (12)

After differential demodulation in module 46b, the phase difference between the

k™ and the (k-1)" received symbols is defined by:
Ap, =27nMKT, + Ay + ¢, = 27Af (k- DT, + Ay + ¢, ,=27MT, + A, (13)

Where Ag,, defining a difference between the absolute phases of the symbols,

is determined by the modulated signal at symbol k. Thus, the phase detector

46a determines a phase difference result Ag, from first and second received

symbols of the wireless communications signal. In the apparatus of Figure 2,
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46a determ nes a phase difference result AcPk from
first and second received synbols of the wreless
communi cations signal. In the apparatus of Figure 2, 7
t he phase difference result is obtained by

di fferential denodul ation of two consecutive synbols
k-1 and k. Phases of each of the synbols are
deternmined by phase detector 46a and conpared to

h ere . A . OW f ]
08 Bk e, ACLERREr ) qidehlg Rkl Ron of e
cerssdcuting symbols Bﬁtm/& e?nrmzesp;{ efétls@f thes smb?BS:isir_eCHetermined
S. 2zrAJTs = - eferr o Figure
BY bher SeleciprAlnd spnoatat b EIrcng BB TegErR oo
al gorithmof the apparatus of Figure 2 is described.

Initially the knowmn UW sy erty .
FH@QV&BE)f¥Q/m|Q9¥a§Pe <a§>30rhmhasreaqr£seaafé Be e evmeglgesiting from

ee,g&gm { apparatus of Figure 2 are
stored In buf%m% . T é.tng@ mapper 68 maps the known
U\N(or U\Nproperty) into the phases AO k for
re L is the nunber of sanples of the UW (14)
(€ G Pkength of the UWsymbol). That is,
rrapper 68 maps a property of the known UWdata synbol
red in buffer 66 to a known phase result AO k 70.

Rﬁ ring 8Hﬁ’atpd'f'SFrel% a7§'°€5ﬁ’ﬁ?&9rr§§‘ eer Qﬁe’g'ﬂgtar ggp%prpﬁgssmg
u trﬁgrgﬁe %;Zﬁégbfus%#ﬁ dfe 3 0fRdupes. h‘ﬁpér Cffh%rl&eown uw

ut put b the diftrerent
gpbbolsHer apoopearty theneofysvhich abe ased torfframe detection and/or

EHGHGRS Moo fue Pabateu, BEF e Zre AS¥aRin BRB6TBE Then
Arppet estanapsrrh@ IR BN Sordg\esioperty f InBdTtheOphdde® A g', for
recei ved signal in dependence of the 20 conparison

k®bul L (Where L2$ theThembenpbsarsplesrad she UVEuup ta theyfull length of

R rhbof 1h3: EhiapBReB rraps qotopeny ofthe pgpn ygaata
Sanpalrdtei ih esifet 66fto BkIRIWPPhésdlesus A&Uﬂﬂ?dTh@n td¥nparator

range of |If
72 compares (e.g. subtracts) the known phase result A¢’, 70 from phase
difference result Ag, 64 output by the differential detector 46b. The

comparison result obtained from this subtraction is fed to two branches as
signal 72a and signal 72b as illustrated in Figure 3. As will now be described,
the apparatus detects a frame of the received signal in dependence of the

comparison result 72a, 72b.
The comparison result output by comparator 72 is defined by:

Ap,— AP =27 T, +Ap,—Ag’, fork=1,..., L. (15)

The comparison result of Equation (15) is rounded to the range of (-, 7). If

the received symbols k, k-1 can be matched with the known UW symbols, e.g.

A¢', is exactly the same as Ag, fork=1,....L, then, from Equation (15) the
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the received synbols k, k-1 can be matched with the
known UWsynbols, e.g. 25 AOk is exactly the sane as
CGak for k=1,...,L, then, from Equation (15) the 8
mean of A(Pk-AY' 'k for k=1,...,Lwill approximate to
the phase offset 22rAJTs, ang the corresponding
variance will be near zero since the signal variances
are caused only by noi se. These approxi mations are

g3y pan el - Ao Pk the Besd pldizr
%%%%eo%ﬁ%?%%@% gt R R e 5 qua{a?odn‘aﬁxéi'?"ces are

tasseabpraly dlyunise diheskappsoximatians afe tjbﬁned: bypari son

result froma conparison of a plurality of sanples of
the phase difference result O-ok with a plurality of

sanmpl es of, th nown phase 10 result AO k , the
ﬁi@mbeﬁimg] S}Z@J(Z’a‘rédyg\[/)er a wi ndow having a length (16)
correspondlﬂé"’t‘o at least a part of the length of the

known UWsynbol (L sanples). The apparatus detects a
frame of the received signal if the mean of the

conpdr esukity s fies, 2e- det er mi ned

|tejﬁggéf‘ha¢&{% %‘[{3 the re‘t)gz]ved synmbol s are (7
mat ched with the known UWsynbols is property (known
synbol phase result 70), i.e. AO k 70 approxi nates

Wﬁéi‘e CE'[ ]‘?s tHe%naﬁ%?ﬁ&?@aﬂBkﬁééfaﬁ&P@f thteQ}orr?@‘nsfdPlrresult
I's, one apparatus determ nes a phase

offset corrponent of the received signal resulting from

A% %‘éﬁﬁ@&)ﬁxﬁfﬁc{e%?bn 167, o EEHQth&’@aQ&)multahfs a mean of tne

pre-deter critefion beling that the nean' of
c@npariworesmﬁsfcam a @remmaormf 2 plourdity ohsainplesefdhe phase

bR B ! wiR CURRRPRY sdrRL L B KA L SRYFBYce

result Ag',, the mean being accumulated over a window having a length

corresponding to at least a part of the length of the known UW symbol (L
samples). The apparatus detects a frame of the received signal if the mean of

the comparison result satisfies a pre-determined criterion.

That is, if the received symbols are matched with the known UW symbols

property (known symbol phase result 70), i.e. Ag’, 70 approximates with (i.e. is
approximately equal to) Ag, fork=1,...,L. Thatis, one apparatus determines a

phase offset component of the received signal resulting from frequency offset
(from Equation 14), the pre-determined criterion being that the mean of the
comparison result is equal or approximately equal to the phase offset
component resulting from frequency offset. Therefore, the frame is detected

when the mean of Agp, — A¢’, 72a, 72b for k=1,...,L has a direct relation with
the phase offset 2zA/T,, and the corresponding variance is small, (or very small,

approximating to zero). On the other hand, if the received symbols cannot be

matched with the known UW symbol, property A¢’, 70 is different from Ag, for
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when the nean of A(Pk - AO k 72a, 72b for k=1,...,L

has a direct relation with the phase offset 2TrAJT,.

, and the corresponding variance is snmall, (or very

small, approximating to zero). On the other hand, if

the received synbols cannot b mat ched with the known

UW synbol , property AYb' k 70 i's different from ACk for

9 k=1, ,L.. Therefore, the nmean of 0 cok - A 0k

has ng. dhge%sroraerh%trnganverft o D8 g S HLThiABA diltine
ceis a are

correspon vari an € variances

ﬁH§@§ff§é(t %‘?{J me%rﬁfgﬁgm?%faﬁe& G FJ??% 8s thS vEAEh &R are

een rom ation he nmean o e conparison
cae&&db%baﬂpm@semmﬁesnna&medpbapaase of f set caused by
the frequency offset when the known synbol phase
result A Ok 70 is equal or approximtely equal to the
pease b $é¢a ForeEqNGtidre¢ g ethetrheari of Ste comdpareooesult

DEP o ateR B2t prse bt causEdhy e RBnttack isatathen the
khéwh %9mb‘6¢9h§¥éﬂ%§ﬁ 8? W@SQ%GaV\bF %ﬁrﬁ?m@@%d@é‘ f the

not. In other words, pOS|t|on|ng or frame

grass tiffefence BY, ftween kive Ares anuisedotdiiscanad eiRBolend
det erm ni ng when it equates to a predeterm ned val ue.

In this exanple, the predeterm ned value is equal or

gﬁﬁégﬁg‘ﬁ@@rﬁlﬁ’at%ﬂuﬁlthé afignck mFI*:“'gﬁ%}Forneq@% u§e‘?ﬂ¥>§5¢t¥ct whether

can be obtai ne accord n
ﬂﬁmrtegerv&d dynftrplsnogreqbdmﬁwnh shel khewmUWrfriodmin b&rerrmwnd OIds
e..Cco ari,son r ure is rovi ae
Pl oRSHEBIG: & Tathe Ridition S SpURITISd by obsa0drd s Vataice and

He@mlrﬁb@m .ﬁé&@é&éw&a%}ea@teﬁﬁﬁerdwwqu tRkfes@mpiénhe
be detected by subtraction in the real donmin.

pradieterorinad value ib@qurperapraximatelyreaual td yeres: 1 (18)
L k=, 20 That is, the variance of the conparison

result is determned froma variance
Further, the frequency offset can be obtained according to Equation (16). That

1s, frequency offset is determined from the mean of the comparison result. This
feature is provided independently and offers a significant advantage over known
systems discussed above as frequency offset can be detected by subtraction in

the real domain.

Equation 17 can be expressed alternatively as:
: 1 ¢ 2 ,
:Zkz[(A¢k_A¢’k)]2_E [(A¢k_A¢k)] (18)

That is, the variance of the comparison result is determined from a variance
comparison (the variance comparison being defined by the right-hand side of

Equation 18) of a mean of the square of the comparison result

L
(%Z[(A(p,‘ —A¢’k)]2) and a square of the mean of the comparison result
k=1

(Ez[(A(p,‘ —A¢’k)]), substituted from Equation (16).
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conpari son (the variance conpari son bei ng defined by
the right-hand side of Equation 18) of a nean of the
square of the conparison result (- J[(A4Pk-Ao' k)] 2)
and a square of the nmean of the conparison result

Lk=, (E2 (A cok - Ao k)] ), gubstituted from Equation
(16). 10 The digital signal processing algorithm

i mpl enented by the apparatus 30 of Figure 2 and as

r .
FHSCRTEA S PRUBSLAR oo SR s b 810
Egjure @rdral as exprdistéd by Hquatioddh8is| discussedwittbreference to
Eecei %éed synbols (e.g. k and (k-1)) in block 62 to

Gt>- a phase difference result Ccpk64. At the sane

time, 32 bits of uni que word portion 14 of data frane

0 are read i fe nmaps a ]

HR i S R b b P s i WL osuiation on
g% andelknovvn 2‘?%%%79 gagge&&e)%mqtg@%@grtg%ulpp%g (thfference
wanliad @ 64. AR thwhsame limandid bitsofbunigbe meed ipontiacopt4 af data frame
bet ween phase difference result 64 and known mbol

pAase reads inte bufiet 86.pMappge 68 thenpranssd Ararasty af t%mkpewn uw

44tk syfhbol toW@%ﬁﬂmﬁ{)%sh r%'sglrt‘aﬂgb’?;? 'P%ﬁgg%lﬁ&ence result

proc ssing e squar’e*o

BREA NN SyFabI dp%a%reeremmm%régdperv@d ﬁg&%ear%&ortn which
sanples to provide a noving squared average 7 of

tahpllesoarpabﬁr@cdmnrmﬂatlon’batW®rg|nmse7le‘eremcwesqu pma@d known

O N R R ST

accumrul ated nean 76a of the conparison result 72b.
ccunul at ed ar ed b
CRBAY A oo TESRaPClad R0 TRREMERRD Yo af Wrers Bt Rauare of
2 camparidonaeisalls iar@m;mrmad agyd averagedaver agantples t®oprovide a
rformthe Si naI n ation defi ned % Zg ggﬁﬁlon
Ving RAURTPS AVO0ec Al e GOMBATRONICSHE ¢ 2AcTioBAbAE 1S
Sl Ried tWHr6bedsing block 76 where comparison results are summed and
averaged over L samples to provide an accumulated mean 76a of the
comparison result 72b. Accumulated mean 76a is then squared in block 78 and
supplied to comparator 80, where the output of block 80 is subtracted from
moving square average 74a to perform the signal manipulation defined by
equation 18. The output of comparator 80 is a soft decision output which is
compared against a threshold in block 84 thereby providing a hard decision
output 86 as to whether the frame has been detected or not. That is, when the
variance comparison satisfies a threshold criterion, the frame has been
detected. Frame detection is therefore made in dependence of the comparison
result 72a, 72b.

Thus it can be seen that the process of Figure 3 is greatly simplified when
compared with known systems implementing complex multiplication. All
complex multiplication operations for differential demodulation, frame detection,

frequency offset estimation and correction in the prior art are replaced by
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conpared against a threshold in block 84 thereby
providing a hard decision output 86 as to whether the
franme has been detected or not. That is, when the

vari ance conparison satisfies a threshold criterion
the frame has been detected., Frane detection is
therefore made in dependence of the conparison 25
result 72a, 72b. Thus it can be seen that the process

{ibfradliyn gérbﬁorgi ahb¥ §I'C§U?l15|fn' Al RS bR TR B2 WhiL by
Rubtradtidn onerations fihe Xedl, G et PR |

nown sys enen npl eXx ion.
crrbnqdluemgmn extm costtﬁooa pbpeeaietentmnfmbd allefsz eiHowaler, this

g T iRt BB, anl 4 KRPlgmABNea Mt Bok up table
(qu’rmméh%q&#es mmma@ﬁhrmrenegéﬁﬂcegs ThBrdfBRe ftﬁ@komgex.ty of

donai n. m nor offset nust be i ntroduci ng
mdlglt@ldgcewercan prasducrst @cniﬂoanﬂmcjul e 46a. However,
this requires mininmal extra conplexity and is
i npl enmented with a | ook up table (LUT) which requires
Aisdcont appaditus éonrfearoe rdeé@ctiommrﬁénﬂmuetriw affsepirex regeived

recelv can be
Blrglhertogitb Ao lotESaRS sl aRtul el e roand avparatvs
efiibesra dadrene 1 10fdssitlstrated in Frpirgad DatarfRdrie 10 comprlses
comruni cations signal is now di scussed. The second

a@@mta?dﬁ Hpique yéerd{Uy¥} Bortieg e 41 20d gata paylead pogipn H16.
ekl AT e Saresle tFeaREiset 128 B cnb i 114,,
tdéprises 16 bitsandxdatplpaymadfigtior 146 comeaises aipltd2,000 bits
SRR HARLERT sebiee 9 SenYoHBRRAEDeB R, T 1bpdels frame 110 of
Piyiuedr 4hgve- th?@ﬂlqﬁémcﬁ@t@@ 'gﬂbyfé?ﬁVlﬁ'tHé 'c%PrﬂJari%BﬁWlagwnl be

In the data frane ure 4, a 16-bit uni

qbecied aschigusyed bef‘ﬂ”t'hlé ad%?rﬁawal@riomecawpam $a E-bits of
Sféca‘?r%lég)o?t%rfj‘l FEHPESHubIciph Uwg RicH1 PRBELAUS 4 J6-bit Uw
a e 1

use a par say, Its of portion

@y hentooi shortwn hs Whﬁornrowdel&lﬂabﬁedat&oa cit@heb'starwilthe

{m% be too short on its own to provide reliable
Sction of the start of the

The apparatus of Figure 5 comprises Hard Limiter 133, cascaded integrator-
comb (CIC) filter 133, DDC 136, LPFs 138, 140, time estimation module 142,
module 146 comprising phase detection sub-module 146a, differential
demodulation sub-module 146b, frame detection sub-module 146¢, and
frequency estimation and correction sub-module 146d. The output signals of
module 146 are passed to Viterbi decoder module 148 which outputs the
recovered bit stream 150. Hard Limiter 133 receives signals 132 from the

digital receiver (not shown).

Hard Limiter 133 converts the received analogue IF signal into a binary signal.
CIC filter 134 performs decimation of the signal output by the Hard Limiter 133.
The baseband signal is recovered by the DDC 136 and LPFs 138, 140 reject

out-of-band noise before outputting filtered signals to time estimation module
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frame. The apparatus of Figure 5 conprises Hard
Limter 133, cascaded integrator- conb (CIC) filter
133, DDC 136, LPFs 138, 140, time estimation nodul e
142, 20 nodul e 146 conprising phase detection

sub- nodul e 146a, differentialudenodulation sub- nodul e
146b, franme detection sub-nodul e 146¢c, and frequency

estimation and correction sub-nodul e 146d. The out put

TAA s Thor RS8R0 a3 it il fEcdet

150. Hiard Limter 133 receives signals 132 fromthe 25
Phb% B FRE E OB HEA s fnd Jiga, 4 goerat
i g eimhilar fA3KIoA itd they cdrbds pomidin $Eb-AReiule indthe Glppaldus of Figure

signal output by the Hard Limter 133. The baseband
3i S'H%WGW% the QpesaiRN 9 fratee getection andifrequancysietegtion sub-

Frf%id% S 1435,'19%6%@@1.iffé?5ﬁ€ before outputting filtered

signals to'tine estimation nodule 12 142, which then
outputs signals to nodule 146 which is now di scussed.

s 8 ok 3he Pty iRt oBbalREPEH RIS and tns signal
pwcebsing@iga#ponafi Figuseud furthdu| the squaring opepatiart povifed in

i qur 2. er he operations of franme detection
binks 74 it StkButa ponaBhioanagdurELan sBEC IS kalus: o
different. In order to reduce the conplexity of the
apparatus of Figure 2 and the signal processing ,
5ﬁg ShpBe FPBPaMSEN result ¢aly be @.lt?rrtq%@eycﬁmrwgadome ¥ aEi & — Ad,
provided in blocks 74 and 78 of Figure 3 is

i it | | 388 .
B R & Ztinan Rty SR (7L P B e e inga by v,
= Pk - Ak L to and its nean as 1 yyk , Thus,

equation (17) can be re-defined by: L k_,

0} =E(r=7) =230 =7V (19)

That is, the apparatus determines the variance of the comparison result from an

accumulation of a square of a comparison of the comparison result y, with a

mean of the comparison result 7 , the variance being determined over an

accumulation window length of samples L.

However, Equation (19) may be further simplified by, instead of the squaring
operations in Equation (19) substituting the squared value with the absolute

value. As a result, a new representation of the manipulated signals is defined
by:

1 & _
S=IZ|7k -7 (20)
k=1
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L 6Y2 = E(Y-Y)2 =-1(Yk -Y)2 (19) Lk=, That is, the
apparatus determ nes the variance of the conparison
result froman accunulation of a square of a

conpari son of the conparison result yk with a nean of
the conparison result 77, thejvariance being

determ ned over an 15 accunul ati on wi ndow | engt h of
sanpl es L. However, Equation (19) nay be further

i 1

PheRIor FiylacttBR4 PRl kP Buiruth spRiBhbfRa iy
ahmmt/mgethewalueeof Aand byadatetminmgn@wabsputeseaitabf arconiparison
the mani pul ated signals is defined by: | L 20_S = -
gfithe compardpn resylt ¥3 withha meaor ef the campatispe cesiah 7arble mean
frequencg estimation is inplenented by observing the
9fab heingr daternimedyovge the wi Ie@-tragfssﬂrupl@s\lamh@ reteer
%@mgfdssc%{ectgfthé WW@ehl%guft oF %I in feﬁgaﬁﬁ)ﬁ Iioals PEEHY f?:f be

arison resu

wbwféTpféEdel@YminédWIﬁrdsmﬂ@Wé@rﬁWMé Qe ﬁéfméﬁ@y éffseﬂ@mﬂ can

recei ver 5 apparatus detects the UW when the result of

I estiregtent aothe2iblues of guimdtheceveat that UMWY detection is successfully
pre-determ ned threshold. Meanwhile, the frequency
agfievad. T hahistéhe Haquenrcyeefisetis agaiadiatermninad irethst agparatus of

IﬁjHS{eeg?mm Lﬂ@#e%oq?ﬁg‘&&fn%%n%gn soggessfully - achi eved.

requenc isTagain determned in
the apparatus of Figure 5 fromthe nmean of the

7
fﬁ%@t?ﬁ%ﬁnéﬁﬂcés?ﬂr@ ﬁ}ﬁ fﬂéq@&;’?}éﬁ%ﬁ@@%ﬁﬁé%ﬁgﬁtgg 1 80 of
Bgure Hussdlseeﬁbd/\wllh réfeterioentoerigorers.gDifferbntial demodulator block
Pffer nti al nodul at or bl ock

46b pe orms a d| erential demodulatlon on two received symbols (e.g. k and

(k-1)) in block 162 to output a phase difference result Ap, 164. At the same
time, 16 bits of the preamble portion 112 of data frame 130 and 16 bits of UW
portion 114 are read into buffer 166. Mapper 168 then maps a property of the
known data symbol (preamble and, optionally, unique word) to a known symbol

phase result Ag’, 170. Phase difference result 164 and known symbol phase

result 170 are supplied to comparator 172 which provides a subtraction

operation to provide a'comparison result output 172a, 172b y, . Comparison

result signal 172b is fed to processing block 176 where comparison results are
summed and averaged over L samples to provide an accumulated mean of the
comparison result 172b. Comparison result signal 172a is supplied to
processing block 174 where the signal manipulation defined by equation 20 is
performed in conjunction with the output of block 176. The output block 174 is a
soft decision output which is compared against a threshold in block 178 which
provides a hard decision output 180 as to whether the frame has been detected

or not.



146b perforns a differential denodul ation on two
recei ved synbols (e.g. k and (k-1)) in block 162 to
out put a phase difference result OQcpk 164. At the sane
time, 16 bits of the preanble portion 112 of data
frame 130 and 16 bits of UW1p portion 114 are read
into buffer 166. Mapper 168 then maps a property of
the known data synbol (preanble and, optionally,
Il e
KT 45 R o HAEMR S0l TGRS oHfafncd
Fepues Sl Gussthattipd appatatus requiveatomly additinhiaod subtraction in
rovi SS a.subtraction operation to provide a

gﬁﬁﬁﬁﬁ 8BRIN-esul t output 172a, 172b Yk . Conparison 20
result signal 172b is fed to processing block 176

pmed and  aver aged qver

rheg conparison results are
g %ﬁl%@@@%ﬂ%‘b‘?&@%ﬁ%@&ﬂwﬁ%?%ﬂ dessrikad by,way of example
ﬁgh] f %

?gwgﬂyp [ e&ro‘ﬁ%té pro essli ng b dré%ﬁ%%ﬁ%ﬁ%&%gﬂsﬁhé s%@pe and
malmt pfjtr@tmmntdm‘ i bl algzoémﬂppreniami ihat fepaéurfesrofmn\a aspect of

junction wiith the bl. ock 76 The

ook hel pSaledap it B iortmatity fid Sanuit pEANdHer aspect
@pﬂﬁahagnggﬁlnst a threshold in block 178 which
provi des a hard decision output 180 as to whether the
franme has been detected or not. 14 It will therefore
be seen that the additional advantage of the apparatus
of Figures 5 and 6 is that this apparatus requires
only addition and subtraction in the real domain. It
will be appreciated that the invention has been
descri bed by way of exanple 5 only and variations and
i mpl ementation are still enmbraced within the scope and
spirit of the invention. It wll also be appreciated
that features of one aspect of the invention may be
presented in conbination with features of another
aspect of the invention. 15
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Cains 1. Apparatus for detecting a frane of a
recei ved wirel ess communi cations signal, the
apparatus conprising: a phase detector configured to
determ ne a phase difference result from 5 first and
second recei ved synbols of the wireless comunications
signal; a mapper configured to map a property of a
known data synbol stored in the apparatus to a known
| phase result; and a conparator configured to
conpare the phase difference result and the known
dynbolApphestas farddtéctanyda frame ofva decedvezrbwiralelss @@mmunications
resu t 10 tgﬁé%ggaratus bei ng configured to detect a

flonaL the appar veys¥8gnal in dependenc_e of the
conpagigtRe diebtbr canfigiiéd ?@B@fe"f‘h%\% 2bnaka&idifiekence result from

wherein the apparatus 1s configured to accunul ate a
fiehiandfsechad ceegived symbplssefithe witgless conpanicatianssigaal;

Fesur ¢ s sty BB anndpel) 3 S ome oA ynipytored in

mwamoaraawtbakmrmembbepn@s@mwbm ed over a wi ndow
havi ng a Ientgth corresponding to at |east part

| engt A C@_f“ﬁﬁfé ﬁ@ﬁﬂg‘é@ﬁﬁglconﬁ?ﬁﬂetﬂ@e Pbé%étffe&emqea'i%éllbtand the
kh@wﬁ%?ﬁib\b‘?phéégﬂigult' dnd %:prjagi@% P o Eng&?P&fdnSO”

result” satlsfies a pre-determ ne rteri 20 3.
The afiEaapparatusfbaihgiconfiguret d¢o elietedt Iaefrappajf Mejseceswed signal in

onf| ured t det erm ne a phase of fset conponent of
‘g%qu R@Fﬁﬁ%ﬂa”ﬁ@g ??‘i"ﬁg from frequency offset

of the recei ved signal and to detect the frane when
the nmean of the conparison result satisfies the
gr e- déheappaeaius of claimdn Whereiaithg apgaeatusis ganfigured to

SRASYBIRS ot e iR 1835 PR S EoRARARE b raty o
samnbiegmfetue lpbasel diftarence resuittanda pheality of sainples of the known
syrrnrg‘r’llr ;I)ﬁc’aos% rre%S thea}'Pngér? ﬁemn%taec%uvrﬂ.t}lgle%ho%epgav?i%dow having a
length corresponding to at least part of a length of the known symbol, and to
detect a frame of the received signal if the mean of the comparison result

satisfies a pre-determined criterion.

3. The apparatus of claim 2, wherein the apparatus is configured to
determine a phase offset component of the received signal resulting from
frequency offset of the received signal and to detect the frame when the mean
of the comparison result satisfies the pre-determined criterion by being equal or

approximately equal to the phase offset component.

4. The apparatus of claim 3, wherein the apparatus is configured to
determine that the mean of the comparison result approximates with the phase
offset component when the known symbol phase result is equal or
approximately equal to a phase difference between the first and second

received symbols.
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of f set conponent when the known synbol phase result is
equal or 30 approxinmately equal to a phase difference
between the first and second received synbols. 16 5.
The apparatus of any of clains 2 to 4, wherein the
apparatus is configured to dgtermne a variance of

the conparison result and detect the frane of the
received signal if the variance equates to a

Br edetRe 1y gspatﬁélowsn 3f Erairtd 2 BLuR 46 BlparAILS;
wherei n 't a arau |scon ure mnete
vcamﬁgmeé t@ﬁetdnmlm:nawanaaw of tkmurbdm pamﬁnraresart iandaietect the

on_of. f the square of the c
fiatto" B deCeived sBa0Y TiaAancs SHUAIFLLO B GradriBaBined value.
result, the variance conpari son being determ ned over
the wi ndow | ength. . The apparatus of claim§6,
@her eilhe taﬁ@abajp&pé@kagn i5% V\&megge @Qpﬁtatd%tse@qnflgluh%d to

{1%@ mcéf thter\}aarfaﬂ‘c‘:g'o\fﬁge ébrﬂ tlSé Pe@uﬂ afplcff{]l %%t 'eocr?)n‘ipba"’}son of

vari ance i s0N
améa®t obihe s’k{uafﬂe oﬂ’t@ @mﬁﬁd&@édlﬁre@fjlt@lndlm@ar‘dftﬁm@e fmddre of the
apparatus is configured to determ ne the variance of
&gpeaﬁ%reswnt%wfwwrm%rww%#e@rmw%he window
tfhe conparison result with a mean of the conparison
egult, the variance being determ ned over the w ndow
| ength of sanples L. 20 9. The apparatus of claim 2,

orpat [ ahepfaURbPEBIRE, fusTaR 88 BBbldie Btbhmoliedio detect

tHecframBRAthe Pateiverbsihal fidiR a@StBrrAPaabh tigat\he variBRtad
deternm ned over the wi ndow | ength, the apparatus

SRINAGrisYhsalilies @ theeshai@ gtitering. frame of the received
wirel ess signal when the nean absol ute val ue
satisfies a threshold criterion. 25

8. The apparatus of claim 5, wherein the apparatus is configured to

determine the variance of the comparison result from a square of a comparison
of the comparison result with a mean of the comparison result, the variance

being determined over the window length of samples L.

9. The apparatus of claim 2, configured to determine a mean absolute value
of a comparison of the comparison result with the mean of the comparison
result, the mean absolute value being determined over the window length, the
apparatus being configured to detect the frame of the received wireless signal

when the mean absolute value satisfies a threshold criterion.

10.  The apparatus of any preceding claim, wherein the phase detector is

configured to determine the phase difference result by performing a differential
demodulation of the first and second symbols to determine a first phase of the
first symbol and a second phase of the second symbol and comparing the first

and second phases.
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10. The apparatus of any preceding claim wherein the
phase detector is configured to determ ne the phase
di fference result by performng a differentia
denodul ati on of the first and second synbols to
determne a first phase of the first synbol and a
second phase of the second synbol and conparing the
first 30 and second phases. 17 11. The apparatus of

yai Mrge g W}}S&Rhé‘ of Ul%nrﬁ?p%@ré‘iﬁ thé apgg Ftgs's eé’or’ifgglué%% to

determ ne'trequenc celve
detanmma:%qtmrmysoffyeain fheaeceived wirsiesoformhrinicatipas isignal from
esul t. 2 gar atus for detecting frequency offset

{ he meaR oL thR QOMPREPUL E€SWlo rmuni cat i ons si gnal , t he
apparatus conprising: a phase detector configured to
determ ne a phase difference result from first and

$2condpparadus tad Wﬁiblgs‘reﬁuetnlw offsetines raeivetwireless ons

e R S R AR s R parat uf o 5

knowna pyabe |dell¥tﬁ§|€cdrﬁ§uiéd tadétem M@ phas® biffeperidedrgsafl from
to conpare the phase difference result and the known

BrshBBd sgRaRe ref‘@é.\(ﬁq syneols of hevirgless coprpHnicatipns signal;

I .
oo SR ERAASCRADS (BB Roban Sy B afred
teuapparatusdd aslmq&ﬁresymbole;atmeorfesuh,earpmase 15

di fference resul d the known nbol phase resu

The rREATbArARY confillitsh I siMpote T BRene ARt ey it and the
koW By @bl SR FEsE dn@ tétprbﬂaéta &ﬂﬁbaﬁgorﬁreshﬁngt h of

t he known synbol and to determ ne the requenc¥/t of f set

f r om theeappasalvsdieingeonrfigysed te aacyrayiate a mean of the comparison
LR Qe gﬁﬁfrfstonncg’ i %g&%ﬁ.f LG lenefl oS bRsSe

conmunt cats conprising

diffeferperresualt phd ke ﬁeowotsqmbtom pUaseresutte thee ;nieasebemg

di fferepc result fr

accumulated overa wmdow havmg a length corresponding to at least part of a
length of the known symbol and to determine the frequency offset from the

mean of the comparison result.

13. A method for detecting a frame of a received wireless communications
signal, the method comprising:

configure a phase detector to determine a phase difference result from
first and second received symbols of the wireless communications signal;

mapping a property of a known data symbol stored in the apparatus to a
known symbol phase result; and

comparing the phase difference result and the known symbol phase
result and to provide a comparison result;

and detecting a frame of the received signal in dependence of the

comparison result.

14. A method for detecting a frame of a received wireless communications

signal using the apparatus of any of claims 1 to 11.
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first and second received synbols of the wirel ess
communi cations signal; mapping a property of a known
data synbol stored in the apparatus to a 25 known
synbol phase result; and conparing the phase
difference result and the knopn synbol phase result
and to provide a conparison result; and detecting a
frame of the received signal in dependence of the
conparison result. 30 14. A nethod for detecting a
frame of a received wreless conmunications signa
a8i ngAtrethadfar detestiod frequenty offsetris alreteivéd wiflessl5.

A net hod for det qC in frequenc offset in a received

P PRI Ut AT e  TRRETS g AP BANS: appar at us

CONDr tShffliringOphase Ué‘ﬁécf’orRB%@erﬁﬁﬁ@‘ét&fas‘é%ﬁ&‘eﬁ&@‘r@&h from
a phase difference result from 5 first and second

fiest éhdé@CQWrMQ;VQﬁ symbow of dhe ydrelassranmmanicatiens signal;

g R SRR e B Bbart o

keowh symbotipbasefgsultgahdle phase difference result and
t he known synbol l[1)hase result and to provide a
conpa?‘i’@@ﬁ“?%é’lﬁ phasgdifferenas ’&ﬂ’ﬁ@"g the kpowp St)’ﬁ'tb°| phase

Fé%n'ﬁagddstgrbrggﬁﬁlat?éﬁ,ﬁg}@%ase 3“ son of a plurality of

sanpl es of eac ifference result and the
knownaceymblatinglaasean ef thet comhansmaresbﬁifmgn aconmparsoadf a

Qver ndow havin |l e ondi.n
BLEUT phsamBlesIFh ettt tae PRASE cifimied bl Hedihe Khown
%a&mﬁas@gretsh@l t?é@ﬂé@’ﬂ smn@féc%@hmét@mdvae a@AdoRfhdvilRy a
arison resu
IengPh corresponding to at least part of a length of the known symbol and

determining the frequency offset from the mean of the comparison result.



