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*15 D METHOD FOR DETERM NI NG SI GNAL
D/ OR SYI\/BC]_ IN A WRELESS COVMUNI CATI ON

SI GNAL wmmlwm “U,IHFG el ates to determning signal

timng i conmuni cations 5 signal. The

I nvention alsoiss*el ates to determ ning synbol timng in

awreless MM (Miltiple input, Miltiple output)

wre n j . i td S

par ¢ AEEREFATISIARE METHG0 KR oEFERMINIGH SRENRE ANDIOR

M MO (BYMBOL TIMINGAN A'WIRELESSTCOMMVONICATION SIGNAL

systens. 1o In packet radi o systens, packets which are

transmitted over a wireless comunications |ink
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payl oa portion. W r el ecel ve devi ce

signtai. gmhemumltlbemaalelam tdeimdmhlmi@ syfngbtﬂlulmmgsrs atwieeless
rtion to determ ne signa rane pac et)

L] WEZWBP mut,t'\év@p%p%teegéwf@]g%ﬁ cm@%@ lwlm The

i‘rﬁle/ﬁtleﬁ 'n3s rPEH \A%lﬂgi ‘B‘Eﬁ héBediudile f?: tioM 'WF/{IMO OFoM! S

to determ desired ’f packet conmmences

é@dhmg@nalfrdqumqyﬁmmom Multmeded)asxmmsad of that

frame/ packet conmences. Any error intimng in this

detection process wll give rise to a phase rotation

M padieetyhdivadyst&Hs) ﬁéﬁk'éwWﬁlchTé\"eStrdH@%&eﬂ ‘H\/@F hQiireléss

is largest on the edges of the frequency
PpMEnwyeatianslini tyaicaby soasist efez pmble_\,quﬂ@@ ang @ndata payload

SR8 BB AT 15 SR8 e s

OBE¥tsey peznmble tploetidn 19 determineosigatiqtlachdipackar) timigledfacilitate
to keeP t he channel inpulse response within the

PIRAGSEINGrAthe daéa PAWPadr t hogonal ity bet ween
subcarriers is maintained. If atimng 25 error is a
| arger than. the cyclic prefix, Inter Synbol
Arprandipal objective Sif framé and symbol timmgjél]hl dotetreime vahen the

Rt hah Rl el Folim iR 4nd WS e S iy £ dbtapayload

Bf Bfalt frameIpacHe cOmrhEnd8sIeAny rrof Wﬁrﬂmd{ il th%@et@Bﬁ’&?process
rotation, the estimated timng of the start of the

wihgive risrdalaphrse itatinmot the siaraldsublcerriess. Iiis phase rotation
@Igﬁgeérs?%%hé%dﬁgg of 4% ?rgauéﬁ&r Bar% */\ﬂ?eléé@?&lnnﬂ%lcatlons

devices usually offer some tolerance for symbol timing errors by introducing a

cyclic prefix to extend the symbol. For example, in OFDM systems, the timing
error should be small enough to keep the channel impulse response within the
cyclic prefix so that orthogonality between subcarriers is maintained. If a timing
error is a larger than the cyclic prefix, Inter Symbol Interference (1SI) will occur.
In OFDM systems a guard interval (Gl), copied from the last part of the symbol,
is inserted before the symbol as a cyclic prefix. Therefore, in order to reduce
ISI and phase rotation, the estimated timing of the start of the symbol should be
within the guard interval and preferably as near to the start of the symbol as
possible.
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- 30 possible. ~ *@0002* 2 Figure 1A illustrates

wi rel ess signal conponents 10, 12 transmtted
respectively by antennas 14, 16. Signal conmponent 10
conprises preanble 16. Signal conmponent 12 conprises
preanble 18, shifted by a cycljc shift interval wth
respect to preanble 16 of signal conponent 10. The

S8 B e SR s ndE TR i soccivery

by rpremaSsPers. i Signl bdmpﬁhéﬂﬁ%cd:ﬁpné@s prshrhBle 16 Slgnal
i ntroduced to prevent unintentional beanform ng

CREPONGARI2 cwmngS@wre@nQIﬂ 18, shifkeds by Recyichiel ismfbm@ﬁrval with
b .
T80} SOREREI Iord ARRESert L TR HI YK may bo 2 st

wf thed sarne or girallan sagrzadblbeu?lgtlrbrysmmedethmughgmgbaent spetiall
redet er mi ned. preanbl e sequence and det ecti ng

ShpRubaBrercien by AT R th 18 AT BRGPALCerD RiFUERb| o

BRSNS saan#&nﬁﬁa% R ganaﬁm@%&nb%ﬁiﬂ Riakes W&individual

that are pre-pended™to the“packet prior to

sigaas admpooents ¥l 2eappeRbtd bermiuljpatht signalsccor ding to

| EEE 802. 11 a/g/n standard, for 15 exanple, the
preanbl e called L-STF (Legacy Short Training Field) in

I'I' allBQrnihg dBtieRiNSbP aWirdless sigRalis @hidveads) (%l%lﬁﬁﬁ’g the
ort training synbols used for “synchronisation.

s&geal with aipredetaranined pregrelledequense end oLeteqtmg(w_cvg%layon via

PRSI 8f Shgsfs; dhegtlerhbie sB0EcHe GTBS hah8eHRL 2,
syhdhrpaishtien gignalsnhat are pripéiged & ther gegket Brior to transmission.
on is spread over, several output sanples so

orrel

Bk an D Esartioraanaacasy oo dadE ER 685 a/e/B S datd; Br
SRENbRY, tﬁ@?%é’éﬁbﬁlb%aﬁl@dq'_eé?ﬁt(ﬁggé& 8hBR T 'r{d P%‘i&) in IEEE
envi ronnmen In genera ransmtte
8bavdnsansiats of {sncidpatical ptredetlagnmdeahoettrauemg $ymlgols used for

n nterfe at S9spur S
SihdiRen ol TPIRERHEE In SHfigafd 86 a8inedind T TLegacy
Long Training Field) in the preamble, comprising long training symbols following
the L-STF symbols.

In a multipath environment, such typical preamble correlation is spread over
several output samples so that any peak detected by signal cross-correlation is
smaller than would be detected in a non-multipath environment. In gen.eral, the
transmitted signal traverses multiple paths to the receiver resulting in an
interference pattern that obscures the results of the correlation process. The
correlation process for the multipath environment exhibits a multipath delay
profile and results in multiple attenuated decaying peaks at a receiver rather
than one strong peak. A single, constant threshold value — as discussed above
— used to distinguish correlation peaks from noise is inadequate to achieve
desired performance levels. A constant threshold value optimised for Additional
White Gaussian Noise (AWGN) increases the occurrence of missed events

since the threshold must be set at a relatively high level that is greater than the
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correlation process for the nmultipath environnment
exhibits a nultipath delay profile and results in
nmul ti pl e attenuated decayi ng peaks at a receiver

rat her than one strong peak. A single, constant

t hreshol d val ue - as di scusseds above - used to
distinguish correl ation peaks from noi se is inadequate

TS REG RS TR 3t SR Ed SPRARRoh YRR iy A"
@aussmmenf\bASS?ndli@f‘mbeshOidr ERRERr chReRtiondetactrodetects weaker
m ssed events since the threshold nust be set at a

cerrgtatiop| Reaks it plspsincraasesithe geeufrance ahtimingersors.

result of the plural, nore attenuated correl ation

events in a nulti path envi ronnent. A snaller

Higwrehidd ustsatsftbe concept that crosdetoeeatatiom @I‘ethecrespective signal

K ks but
SoEnental 0714 Wil Ta® BredaeimisSpigapEble ASquarsey MBS two.
ir’itﬁv@@&lctﬁ%s-baﬂfbia‘iibﬁé% S g lost bﬁ@cé&f intifRe a?&ribeﬁfe' tiffie axis 24.

i gnal conponents 1 Wwtht redet erm ned
ghezahtift betai@eﬁ:etﬁwecroewprrelattm peakisoaai i2@.cdrresponds with the

&@ 'ﬁ@ t§r\%‘i' on peaks 20, 22, spaced in tinme al ong

The shift between the
cross-correl ati on peaks 20, 22 corresponds with the
cyclic shift interval. 10 In a MMO system a M M)
IhaiMIM@ systan.sa BHMO vadie Aiaasmissior esvirormentintensifias

Qﬁ}gﬁiﬁ i ruﬁi’é?f%re M M AR R e?ﬁ%%&{?id’@ {OOIE'EFEEEOZ 11n,

e sequences are ransm

préatmpleesecdwnnes are trananhitted overtraultiplecthanrests. fln ,adtihren to
[ ntennas are transmtt

) 82;3%}8‘\& ‘ggf‘ﬁﬁr{qlg}é@;‘{:ﬁge linle antennasqre t [@sg@lttgﬁéhrough
Hﬂﬂ@bi&%aﬁﬂé%@iﬁﬁsummﬂﬁk@ié iRReivBHbhtd?Ral, which make the

interference even worse. Miltipath interferences
gudtipathlinterierarmerevert wWerder aMultipath injerfierencesrengntually obscure

i n Figure 1, the preanble 18 of signal
&%@h@n&qufmgoéﬁnﬂ%l i cal I y shifted forward a few
sarrpl es Wi thin one synbol which nakes the received

nal s through the different spatial streans of
YHA9AgRIN to Bigypp dathe preapblendBrafsignal spgpanent 13 is

efdichliPSniRdF8fbAr & Pivh Eampss SHtEREne SthoSYwidh hikkes the
received signals through the different spatial streams of antennas 14, 16 appear
to be multipath signals. In addition to cyclic shift, the signal sent by multiple
antennas are transmitted through multiple channels (or sub-channels) and
summed up at the receiver antennas. That is, each, individual antenna may

detect a signal stream of a sub-channel it is not supposed to.

Furthermore, in WLAN standards, the symbols of the OFDM preamble have
relatively poor (high) cross-correlation properties, thereby increasing the
chances of timing estimation errors. Normally the correlation peak of a L-STF
preamble symbol is used to determine the symbol timing and the last correlation
peak is used to decide the frame timing. Because of poor cross-correlation
properties between L-STF and the following preamble, L-LTF, it is difficult to
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antennas are transmtted through nmultiple channels (or
sub-channel s) and sumred up at the receiver antennas.
That is, each, individual antenna nay .25 detect a
signal stream of a sub-channel it is not supposed to.
Furthernore, in W.AN standards, the synbols of the
OFDM preanbl e have relatively poor (high)

AdRauERane A °3reiétz PEEAACRr b LRI P it T e’
eplirehiabnpim Wik rediti ngatlmﬁtﬂ?fe%enéé@am&qﬁer%yﬂéw lsuth cHsRd

to determ ne the sy tlmng and the | ast
@@rrﬁ'@t@n.Iﬁﬁve@@ararerssmfi@ath% ra@ei and syrabel timingis neagly missed.
Because of poor cross-correlation properties between

L- STF and the follow ng preanble, L-LTF, it is

diheteford, ta $u1m¢haryl ioSp'rcrtgems lwhitte chadéad toy d@rtrehé@cm ppefakmance in
of the STF s In a MMD envi ronrfns i n which

e FY'Eﬁhfﬂ”'ﬁﬁF%g PE?“@ﬁééE%P@ sumrBAdsed ag fo Ccross-

9 0 'iﬁee Fé& SRshs %o?t‘é?ého’ﬁ%ﬁlértz ‘nggéq_?]ﬁkﬂ fS‘ﬁﬂEn@rl‘_dL'lr'mgreamble

imng is easil erefore
of tqalmlh:g eymbols cdn mkelltedutflcm tdeleteraspe fmé/paoim‘tdmmg

b oI SoLegbl PRcRACERRE HRtng PRI FBbuB B2, inumauies o

t heyélicSSHift @@BehnM&JdH@t@Whé@nuﬁlP@ ébaﬂﬁl sir8&l sigatomponents,
rrakelt difficult to determ ne frame/ packet tinmng. a

notherebygrugingeaultntekearrelatiompeaks. the M MO st andard

2Rkl Bub S R imels 816 bk Shiysh han BRI RS

t heneipynmants wigerritldondtocmultipathi inderfgealks. M MO
channel environnments are nuch worse than single

channel environnments when it cones to nultipath

wtesé %tﬂﬁﬁ%b Jﬂh%%g%é?@'tﬁ{@#ﬁéh?%éi;s‘%@é(ﬂéeﬁgﬁ§erﬁt%nal

ync ront s 1 on nventi o usi ng
um’thedausnog Qmmmlatmreamd)thtesllemddetmtimmyuamtot be =ik &0 bwercome

th . th | ead
R oBlente Aty 8RB na s Bbeninbe atlime(rackgt and
gym%snmmb ef61¥Cand, |Hé$fée0fos§rdf lehfird)padgits fiohPthd fgnsmitted

transmitted signals.
signals.

The invention is defined in the independent claims. Some optional features of

the invention are defined in the dependent claims.

A first apparatus and method for signal and symbol timing determination in a
wireless communications signal distinguishes different preamble symbols and
frame/packet timing by comparing an auto-correlation of a signal and an energy
characteristic of the signal which acts as a threshold. In some apparatuses, the
energy characteristic is derived from the power or the energy of the signal. This
first apparatus and method may provide more reliable performance in signal

timing acquisition.
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The invention is defined in the independent cl aimns.
Sone optional features of the invention are defined
in the dependent clainms. A first apparatus and net hod
for signal and synbol timng determnation in a 25

Wi rel ess comuni cati ons signals di stingui shes different
preanble synbols and frane/packet timng by conparing

?ﬂg %?é{f% +r? ngt ?Cbl’? %ﬁh%%gqﬁﬁg%grg%nation of symbol

tifdiag h@hd/wrélés§@d9ﬁhnﬂn@@dtﬁﬂn@$ﬂw0td“@wal €Ts Apparatus and method
characteristic is derived fromthe power or the energy

Perorasdirgirand segand crpps §@rra|@§9n§m§har¢@mmun@atlmsgnal with
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acqui si secon appara u
[Beopod ecossarortdiatisreiseperforatedoat adbecontbiirhe shiffédyomrtha first

ti M MO I Th t us and
et ﬁiscry%f’é‘"ﬁﬁ@%%wé’l??aﬁ@pgeiqmg%paggt%eatﬁéﬁ Seleymines a
‘éBn{H?ﬁec‘PefHE'érEo?%tI?tfH?ﬁr&hQHé'flrﬂ drly s% s Xgﬁ@'talﬂ%é@.%uch

first cross correlation is perfor
ancapparatissarcbmeétndbaydake abdwantageio trpmcwjlcrmih atterval

ZRRPearally piierior dfi Sk MV, fghak orBtonu 16V e piura
AENVRD BpBAS! SreamRDBBAR &ﬁéhﬁ’&tdé%%ﬁﬁl'h@é b%rfél&tmrr &&mbiner to

first and second cross correl ati ons.

spbfricaaueorglation paaly ahsymbakiiming\ant hgeceamatkae thy symbol timing
I t nventionally inserted in different
W'&?gm’m&}?&g‘%sm s for the plural 10 M MO spati al

streans. Some apparatuses utilise a correl ation

%_ nmbi ner to _enforce a correlation peak atﬁ%ynbol )
@i iRyentian willnaw peidescribed. Snway of pxample aplyeand wih v

q@@?&ﬁ@ﬂoﬁhe%oh{b‘éﬁ?ﬂﬁoﬂ}a\?&ids RQkhik: descri bed, by

exanpl e on 15 reference to the
E@gwﬁﬁalﬁya s@einam diggram |wstnaltmg Fﬂng oyeilclsmﬁ irgerval in the

| | ust hi
PR Al o H ey Gl over
a.fmréﬁ[lgﬁiladgﬁ@aﬁ,ggnal transmtted over different
atial streams; Figure 2 is a block diagram

|Iglur§t2r igtd h@cmlaqmpm iHusteatingrar ppamtustpr sistimatingrsignal and
symbol timing in the wireless data signal components of Figure 1;
Figure 3 is a block diagram illustrating a process flow for the estimation of signal
and symbol timing in the apparatus of Figure 2;
Figure 4 is a signal waveform diagraim representing two symbols in a wireless
data signal, and timing relations between the symbol; and
Figure 5 is a signal waveform diagram representing signals derived by the
apparatus of Figure 2 and the manner in which signal and symbol timing can be
derived from the signal.

With reference to Figure 2 an apparatus for signal and symbol timing will now
be described. The apparatus of Figure 2 comprises a receiver apparatus 30 for
receiving MIMO signals, optionally MIMO-OFDM signals although apparatuses
for signal timing are not restricted to MIMO or MIMO-OFDM signals. In the
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20 synbol timing in the wireless data signal
conponents of Figure 1; Figure 3 is a block diagram
illustrating a process flow for the estimation of
signal and synbol timng in the apparatus of Figure
2; Figure 4 is a signal wavefqgy mdi agramrepresenting
two synbols in a wireless data signal, and timng .

SR T Sk s Rl i gver

bpatléﬂl%trmmaﬁﬂ ednprisks GinténrasB2h { heszrﬁaémf of whishiigh
gnhal . and synbol tim.ng can be derived fromthe

§%9ﬁ9t'VeWQQE‘"ﬁé¥Q§“@rBE anglqgugusignal pIACapRIE Mds -f 8¢n which are
I

ﬁgﬂg 68%@%@3&@%@{%2%%%%@8% d@ta?égrg\?&?éﬁs% .36n. The

apgpecive sigtals output by ainalogueMoMiigitabraiverteepB6anal 86n are fed

VR GED teinderdtaRhlp AT 55 MR crae 38, and packet

Hetttioh- mb&ulbhft‘) RlesEMEe® |rcsthnlo é§3|§ne& i28- W@S%apore

30 is configured to conmuni.cate over
ﬁﬁ@ﬁrﬁp[ﬁ@dﬂor@lﬁiﬂ PO6Z0Q0A4LArinsorpReated by I@Eneeeezin it$ entirety.

Allflbnely SGRAE o ol SRR Ao T P SR BT B

F&PHBOSE Mbellle 49BREParlet Getebidb®eil®40] THeBbutput of packet
converters 36a .. 36n. The 5 respective signals

99@%*9”590%@499@@1@1@ & the sysholdimiegsmadule 42., Thgputput of

Sk il ot 22 s S BB o PR o
@ésmmlpheda windoonoormtrol-rasdilg 5] i< thepsutgutis) & OB@n@hﬁ)ver
200700004-5 i ncor por at ed

Pat@E#% Aée '{?Cglﬁtlggn I\PW'ins?W corteal mqﬂm AP argdedip Eastr%wner
tr%é?&& SISFTFﬁflddﬁﬂa ALl H PRBuBr hé %qteﬁ& O@E@Tlr%aef@zv@ s

nodul e 44 and packet detection nodul The out put

stippliaskior derdeddlatard&® wbighl in tum otﬁpst:qocﬂrbaceiﬁdtbltsﬁrleam 52,
synbol timng nodule 42. The output of synbol timng
nodul e 42 is supplied to wi ndow control nodule 46 as

Dperativh of a&im dettitiontriodle R ars® ayﬂhabl ity @odible 43 s
t he outcgut s) of CFO renover nodule” 44. The outputs of

feseriRecibrdreater detril with seferengectp Figumagdt Imtially, seceivgd MIMO
E@aﬁé%ﬁgﬁggE,?ngﬁ? WL Frdiffo@SnARt dBhas 355 . CU8PH L rPEampled at

over-sampling rate by apparatus 30 and saved into a buffer in the packet

detection module. At step 62, apparatus 30 calculates the signal energy R. The
energy of the signal samples is measured and accumulated over a window
duration of Ty. If the sample intervalis T, Tw=WT: i.e. W samples in the
window are processed to calculate the signal energy R(d) of the received
signals, determined by:’

At w-l

ra(a'+m)2 (1)

a=l m=0

where W is window length, representing the number of samples used to

compute the signal energy within the window, d is a time index corresponding to
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supplied to denodul ator 50 which in turn outputs
decoded bitstream 52. Operation of packet detection
nodul e 40 and synbol timng nodule 42 is described in
greater detail with reference to Figure 3. Initially,
received M MO 20 signal conmponents fromthe nultiple
input antennas 32a, ..., 32n are sanpl ed at

elics %EPA@%% {h%t |é1?1)5w§9f 7 C%rﬁéle%,o@ﬂﬁg s%ﬁi(pqg ﬂnﬁ}%{)@%ﬂhe window,

&pl@&héts@qaﬂ@neagwuﬂ asampldef mpghsignanetiaiy aFéndT Aet is the number
energy of the signal sanples 1s neasured and

24 Sisial 8haiBs GpERSRONFING NG aPIIMaR 358, TR2N fThuse the signal

%géfls' dicBhtithteldSo F—eagﬂ":aghal str%arryﬁistﬂgn\/l ﬁ\ﬁ?’ é?%rtnét Ve a first
w are processed to cal culate e Ssigha

B(ldhgomndbw leegtbi of W sasnplasl s, determ ned by: All vv-I

R(d)=ljra(d+m 2 (1) a=l m0 30 where Wis w ndow

| engt h, representing t he nunber of sanples used to :

TPERSHIEUIEIGN 8 B caNse B I\é’tﬂéﬂté’kﬂ]bp?hé"f&% gm’tﬁhf%d iterative

time 1 ndex correspondi ng e first n%

wonuuatidn: Wsanpl es, mthe sanple index of the w ndow

rais the signal energy of a sanpl of ijpput signal

chain a and Att R& +he= Ridbelr( dbtiv]sn—dyrﬁd)l chai ns

corresponding to the antennas 32a.... 32n. Thus, the (@)
signal energy is accurul ated for each spatial stream

t he nal over .a first 5 sljding w ndow
Ve @ NS ik eee o il saitnie, 4 isuield eampissat index o
'aﬁE'W"Ht@ ra@%nRﬁﬁdBWlbﬁ%‘mng sinplified iterative
computatio (d) +l r(d + wl2 - r(di2 (2)
10 Were r(d+W IS the rece| ved signal sample, r(d) is

%lt'f %ﬁ?’esamaﬁjsaéo determmés wﬁ‘etﬂe\r/\élr fc’\o thteec.garlgtgllatoerc]j signal
energy R satisfies a threshold criterion. In one example, the threshold criterion
which must be satisfied is that the calculated signal energy is greater than a
predetermined minimum threshold amount. In parallel with the calculation of
signal enetgy at steps 62 and 64, apparatus 30 also performs an auto-
correlation of the received signal. The auto-correlation of the received signal

samples ris calculated as follows:

At W-1

AC@) =33 r,"(@+m)r,(d +m+ D)) (3)

a=l m=0

where D is the number of delay samples in the delay of the auto-correlation and
W is the number of samples over the length of the correlation window. The
auto-correlation is accumulated for each spatial stream of the MIMO signal over
a second sliding window length. The window slides along in time as the
receiver apparatus 30 searches for the L-STF symbols of the preamble.
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At step 64, apparatus 30 determ nes whether or not the
cal cul ated signal 15 energy R satisfies a threshold
criterion. In one exanple, the threshold criterion

whi ch nust be satisfied is that the cal cul ated signha
energy is greater than a predeterm ned m ni mum
threshold anount. In parallel with the cal cul ati on of

THBGSTE kel B Pl e Myt BRALE TR, B3 cenore 7

Ebea sarhpleciptareaiatiemthef ddlag tinRCEj ¥@ranam |er§h of the
nples r is calculated as follows: All

(rrtag(aammma(iawfﬂ@)a WR)A pa?qetﬁﬂ?lnmedtgatmn 9f theelseﬁmsieshdmg
Y5y B I pfEro drtdipoli iy 8 utMoruf F5ERPEE For of

paeketfrarae aetestion, thodelayhine Juiwsetao rorleaghicrnsyrabol Iength ie.,
%éurml ted for each spati al ?{team of the M MO si gnal
ps agddae dngaetion wigdanlapdin Lwit alsoret IaPRashoN Symbol
adr{iﬁsl Slgpsi N time as the receiver apparatus 30
ches for the L- STF synbols of the preanble. 8 The
L- STF synbol s of the preanble are illustrated in
e interval

Fflh%)ur eﬁw 4({ %‘AF ane%Bﬁagm qq{%ulﬁ%lgn%lfer{eﬁgy R sétgﬁgs the
'tﬁ}bgﬁblatdrﬁé‘ndﬁ W&Wp%ﬂ Ef Gure’s pé SERIRY ﬁbﬂﬁ?x Ui R by a

of the second sliding dow Il ength™ s se
owsltigligrdnat shawn) anqhackei weoﬁomnwwmno H?rmthéSpresent example

Ckﬁ{p@x& E)? %ﬁtlgﬁéhg%qdefrn%édgA gég m?‘%%ctfaﬁgtlc of t‘ﬁe signal. (In
R R C G T T T
tl’:]mt:alﬁhllaéemb@?bapﬁ\deﬁwgmrl cafglje gfalcglasedi as?rﬁ@ltdrh&tlnle:)to the
threshold criterionin s of Figure a scalin
SDELPREGyeES giptarbachabaveny AL StaR 98, FHRAERIUS D, SRS an
aBs BRIt RlaghRLI8E VaRfe aﬂﬂala%t&féorrbratiohedém%a ne@ﬁlmﬂ 3

the output” of the multiplier,uR defines an
Alp@aaaiue 30shen ulifiseha cgngmator((mm shovat)Hecoexzare Itlae absolute

I%g cﬁ‘%g cp 366 afi Bhsvxtn{hcthlesendeerfgyrc]: arac\{erlsqlc ;I? ;i’ %dc etermlnes

the signal timing in dependence of the comparison. In the example of Figure 3,

signal timing is detected when the absolute value of the auto-correlation
exceeds the calculated value of the energy characteristic. That is, it indicates
that a desired signal is received and a desired frame has started. (This is
discussed further below with reference to Figure 5.) Detection of the signal

timing (packet/frame timing) by apparatus 30 is depicted at step 70.

Therefore, it will be seen that apparatus 30 determines the signal timing by
performing an auto-correlation of the signal, determining whether an energy
characteristic of the signal satisfies a threshold criterion and, upon this

determination, compares the auto-correlation with the energy characteristic.

The signal timing is determined from the comparison.
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t he cal cul ated signal power which can be cal cul ated as
an alternative to the 15 signal energy as described
above.) At step 68, apparatus 30 cal cul ates an

absol ute magni tude val ue of the auto-correlation
defined by Equation 3. Apparatus 30 then utilises a
conparator (not shown) to conpare the absolute value

f . - Cor t it r ch istic.
s B DRER ShB S B R YR PSHEA b6 n
MIMOeysterpbut hedisdloséd hethedE equilyRHpplicablR, in2dn-MIMO
signal timng is detected when the absol ute val ue of
SheteMifo- correl ati on exceeds the cal cul ated val ue of
the energy characteristic. That is, it indicates that
a desired signal is received and a desired frane has
Therdoalk fadcldr gis selectedao psevldé ar sutkitiehemarginirefative to the
reference to Fi g]ure 5.) Detection of the signal
instanignepus Reiserleveldn thersiggnlssy Thatdsrasealedactos for the scale

SRR R0 o, TABCRL i b5 e

syrfahr fiwey camsideit irecsigmals aécaived bit apparaitgdd to consist of a

det er m ni ng whet her an ner_%g?y characteristic of th

Sesirad signaf epmpengnt f AR KIS oF iNtRIFareRcaRAMPERBAt fringn r=s+
t SrHl | i i 2 i ith the

R LR Rftclafln SOBTEEEEUS A LoRfionBhi leat

determined fromthe conparison. 9 As nentioned above,

this g’p}é@ de}tgd'acts an apparatus for signal timng in

a M Sysre B the disclosed nethod is equal |y

applicable in non-M MO systens. 5 The scale factor u

is selected to provide a sufficient margin relative to

where At isrthamedarsorelation|abvee degiredisigeabsaand AGRds the auto-
%?gg%ﬁ%ﬁadfﬁhé gBFs%rcofn‘?;SoﬁJ}ﬁ scale value is a

eterm ned val ue Selected to mtigate effects of
noise in the signal. If we consider the signals
recei ved pparatus 30 to cqonsist of a desired

QWW%JMQIE myehdarasr daar | AGH ler Indleercie @ batserian or
Eclelaﬁ\gﬁ{) é{c)n: egfﬁ%% %&qﬁégﬁ\zﬂﬁﬁgﬁt&%ﬁ&éﬁ@g ngrwtaﬂ’? JSeY0 4R signal
energy characteristic R. The absolute value of the auto-correlation of the noise
component |ACn| can possibly cause false detectidn of the signal timing. In
the condition where |AC | >U*R, p is selected to make u*R> |ACn|. When the
received signal does not contain the desired signal, |AC|=|ACn]| <u*R. When

the received signal contains a desired signal, |AC|=|ACs|+|ACn]| >u*R.

-For simplicity, the absolute value of the auto-correlation, /AC/ can be replaced

with [real(AC)| + [imag(AC)/.

Normally, packet/frame detection by apparatus 30 can be finished within three
short symbols; i.e. within 2.4us. If the absolute value of the auto-correlation
does not exceed the threshold over the first preamble, the packet is considered

to be lost.
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where ACs is the auto-correlation of the desired
signal s, and ACn is the auto- 15 correlation of the

noi se conmponent. Cenerally, | ACs 1, is nuch |arger
than I ACri 1. Indeed, in a noise-free or relatively
noi se-free signal environnment,gl ACs | is normally

close to the signal energy characteristic R The
absol ute val ue of the auto-correl ation of the noise 20
conmponent | ACn | can possibly cause fal se detection

HKppdrgtusi Il aléd BbMgurkd to dBReramél| bymBBI YRR, V\ygﬁm'a RIMD wireless

>0*R, is selected to nake g*R> | n the

isignaly biposi datartionrakblagk 6§dh@tdhﬁ ameltﬂeyak@doféhgmo- |
%8 dljeeéailrJg dé@éeﬁgﬁhg n%pchér?&/g@ﬁf a}b%%r%&%'@ gﬁ%ﬁ]&%@n& step
l?@rofd?lgpie 3Ithe/crdsb9:cﬂtmgtidn of regkivedadigridi@amples and the stored L-
%ﬁ? correl at i oaﬁ /[ AC/ can be replaced wth

aPeamble as folleWeAC) /. Nornal |y, packet/frane
detection by apparatus 30 can be finished within three

short synbols; i.e. within 2 4s. |If the absol ute val ue
of the auto-correl ati o ceed the
t hreshol d over tﬁg(ﬂ?‘r’&ﬁ a@b*r’é’? ’F’Wé packet is (4)

considered to be lost 10 Apparatus 30 is also
configured to determ ne synbol timng in a MM

wi rel ess  signal. Upon detection at block 68 that the
adwse o(m) veprescnis thastergdd-STbrmreamblen exceeds t he
energy characteristic, apparatus 30 cal cul ates at step
5 70 of Figure 3 the cross-correlation of received

Ncg‘lnﬁillysmmmm Gfﬂsl(atdgtjﬁss;b@rrreldtlbn \A?ﬂ(lj' Indivaga i statisof a symbol
owWs ra*(d +
q\@rméWWQ(thraﬁ,r@&mgaélﬁ@aszBrQ(f'Ps%‘lpsys ems, “matters

%%émél Rord\h L&é‘ted%%aﬂ %@E%E%h‘?ﬁ %SlﬁerQﬁé@d & %/?k’%mble

i ndicate the start o a sy However,
§ymb@|h9f eachispatig streaouinaordit dprevbivt snylstesrﬂ@nahlaearefarming

%ﬁ&%@a% %9 @Fg;gé%dggﬁ&%%‘ o ptelajlﬁs.c n ordcer%1 rééuce the
multipath effect caused by cyclic shift, the cross-correlation can be combined as
follows:

XCC(d) = XC(d)+ XC(d -¢) (5)

where XC(d) is a first cross correlation for the communications signal with the
known symbol stored in the apparatus 30 and XC(d - ¢) is a second correlation
for the communications signal performed at a second time, the second time
being shifted from the first time by the shift interval. Thus, the cross correlation
is a combined cross correlation. In the example of Equation 5, the combined
cross correlation is obtained from a summation of the first and second cross

correlations.
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15 synbol of each spatial streamin order to prevent
uni ntenti onal beanformng which results in nmultiple
cross-correl ation peaks. In order to reduce the
mul ti path effect caused by cyclic shift, the
cross-correlation can be conbijped as follows: 20
XCC(d) XC(d) + XC(d - c) (5) where XC(d) is a first

O b 8ol Sy AR o b PR 885k thereby

resUlting irfa SRR Peglor THas ﬁer@fbreﬁl@érebbés TPk Oéﬂhb%fihe correct
signal perforned at a second tinme, the second tine

wmbgl Bmmg aqad gistirguisbes |ﬂﬁl§tpqa|krft§0fb3pﬂﬁ¢fd)%ﬁhsflﬂ the SIQnaI By
SEEPJhY e[Fl'—'}’% whn‘ﬁ é:E@’cﬂﬁg Wﬁcﬁ&& i 4@8% L(‘(§’n(§'L s?r%%ol length)

ross exanpl e

crmrbmnagjof lcm%smbolslcmtn e determiied.ned from a
sunmmation of the first and second cross correlatlons
11 Conbining the cross-correlation provides for an

TEER! A Hn D Joh AR SORIER 30 Recerigited o Berfida
combmﬂd crogstmoirraelatiimigorartte dirsttanthsecdnescrobs£opreddtions and

S s et Skl S
ﬁrﬁ?@ﬁéﬁt féaid?é a'hk:i% 'E)@o\%eéwﬁﬁcpeﬁ)ﬂ@ﬁm/ S Ae8Grdiyly, one apparatus
erm ned can be seen that the apparatus 30

agdme.mpgdpedeﬁegnaemg; sytinke! imingmina wireless MIMO communication

SeE 81 Bhs R PR sgrisn koo

(ﬂneamb”@)l syenb6ls 08 kncWhr(pPﬁml@I@ sybd! btharsekend signal
nportant feature and i S _provi ded i ndependent | y.

R@E@Pﬂ?ﬂbb?mgcﬁh@%%ﬁ if§ interval with iesPed to adtnawn symegol of
ARt sfg'tn%\eggrlng ?nt‘é"‘g/ ?é]'g@‘. rs?@gggm nétcaiams?ﬂmﬁ a first cross

I second
zg?rggﬁwnm thﬂ)npmm;jlmgathtmmgnalmld'aaﬁdne)/vn&wmbnd)lstomd in the
known é )rea e) . synbol ?f t he second sng @3 ?nﬁn
BBPAG AT rer iy gt 3'<88Bne e o wSond Grss BogeiEoNT Ao
ksoRIuriivatsis Q@naljvﬁtﬁ e Iﬁhdvﬁr‘i s?r'n%Bﬂ'thé BB e béing shifted
configured to perform . at a first tinme, a first croSs

o tiedirsbtimerbyt the shiftinieivelitdesermine gneombinet ciossroarrelation |
?r%m)fHe f?r&%r%j sé@oﬁé]gross correlation; and determine symbol timing from a

combined cross-correlation.

The performance of Equation 5 is implemented by apparatus 30 in block 73 of
Figure 3.

Once the peak timing is detected, apparatus 30 monitors the peak of the
combined cross-correlation in a third sliding window in block 75a. The third
sliding window may be set to correspond with a duration of the known L-STF

symbol stored in the apparatus.

Apparatus 30 is also configured to detect the end of the L-STF preamble. From
this, the start of the L-LTF preamble can be detected. In wireless LAN
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apparatus; perform at a second tine, a second cross
correlation of the communications signal with the
known synbol, the second tine being shifted fromthe
first time by the shift interval; determ ne a conbined
cross-correlation 20 fromthedirst and second
cross-correlation; and determ ne synbol timng froma

SRS STE ST e a8 SEBPIR T8 Fatlety apor o)
efossFtartdigtidh pripeAys whidrecareadudd aifalge Id%t@lrﬁﬁﬁ@ﬁ@dof the L-STF
apparatus_30 nonitors the peak of the conbined

BrREblee (T BP ArpETCoTolalioniof thestwaidifigrentriysbals ganseally,
é?&ndé@& 160idy utséé dﬁ#ﬂ&e\ﬁ’ tha;)c‘fYoE?%ig%laﬁﬁh cg_‘hgo SQ’W%%'? which

orrespond wt lon O nown
at@smilarra)rtﬂhm samanmthsnroﬁdeéamglabuqm@ inswiaéless LAN

BT, hiofcoritation batweRD | STHENS L Srbansts not desired.
{ e I

105 o 0 b i

ordaydo c@tecﬁltlae leod o tlop £rSTH pmamhlecams trmmlaséabbmg

R TT ot 717 Tand 78 9 iU TY treit i farppiged cross-

g6fitelatibhpeakWithih #&s tHird QWlﬁrgl)Wmﬂov@SNH%ﬁpfh‘éeLd-LW freamble
cross-correlation of two s ols which 5 are simlar

gnterahe ahwngmmp»p,r@smlﬁ reakiigigepargied dyeita poor cross-

ollaRaf prpburiab B3HReeH L TaF B8 ™ HROWERRE Sonar and
tEpaoa LLSTE Prearkibie storediin thbiappaatus C Thismagresd & adalse
pr opert order to detect the end of the L-STF

Heteimintion.ef reak Tiaiae. skhia BIbiRyn raaY,Be fumeToaseded in a

KM 3néitshkanef Figure 3 detect the conbined cross |o
correl gthrgnn pgak within the third sliding w ndow, when

the L-LTF preanble enters the sliding w ndow, a

B Pl I Ercomin B e 6D RO e mERfibmp pleacy
Hireuvddciresigurd 9MAbrddtdo determine the end of the L-STF preamble
based on a second cross-over between the absolute value of the auto-
correlation of the received signals [AC/ with the energy characteristic £.R. In
block 72 of Figure 3, a determination is made that the absolute value of the
auto-correlation calculated in step 66 falls below the threshold of the energy
characteristic 1£.R. As such, this is the converse operation from the detection of
the signal timing whether the packet/frame is detected in steps 68, 70 of Figure
3.. That is, the end of the L-STF preamble symbol is detected when the -
absolute value of the auto-correlation becomes smaller rather than greater than
the energy characteristic .R. This cross-over enables the peak searching
module 75b of symbol timing module 42 in Figure 2 to output a signal asserting
the L-STF preamble to the window control function block 46 of Figure 2.
Determination of the end of the L-STF symbol timing is indicated as step 74 of
Figure 3.
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the non L-STF preanble stored in the apparatus. This

may lead to a false determ nation of peak timng. The

probl em may be further exacerbated in a 15 M MO

environnent. In order to overcone this, apparatus 30

extends the algorithns already; discussed in Figure 3

in order to determ ne the end of the L-STF preanble

based on a second cross-over between the absol ute

val ue of the auto 20 correlation of the received

Fiugmiag hoWAL Riguke maeeélgﬁﬂw&feﬁbﬁﬁé ef tr signals dérived by the

bl ock 72 of Figure a determnation is nade that the

apparatue 304¢ u@C'HiﬁtQ H’@ sigpalansbsyrabelktipingdainom disedssed. As
ragy

hgﬁ’ggﬁfﬂé’% Ssd i e%\l% bﬁ@stat?é %%HQ%&* aﬂE 'ﬁﬁrea?%%nver se

meaengyrcrfarr@aehbm AR oot Whll:h%présfdh@ ag ramisottJt@“GBQIar value) an

whet her the packet/frane is detected in steps 68,

abseiutg valugmf the aHta-corelatine 9érﬁii|@#|a119ﬁén stepre6 of Eegmeé% and

B o8 PRI RE St ned SroRa et FpisEicned Fpteps 71

ahd73 offftigareeBgy characteri sti c u R This cross-over

enabl es the peak searching m)dul e 75b of synbol

timng nodule 42 in Figure 2 to output a signal

T
FrISRGY tiaptca G 92 1 1o SIS Wiid 81 FIAURE S G g fow
emallcfignal e)elctuﬂfrétlcs'ysrfbothet finst #Q samplasj(thattaiusaef Bigape FYor so of

f i , . L i |
fHe, winstit Bagbre Fiding ialpl ta s Platsul i b 105 Riclsggonds.
Mnéﬁ@értdtbﬂb%ﬂoﬂ@ﬂﬁé %l&iéa@ﬂﬂtl'ﬁé’Eh@ll%/thEra&eh&ld‘Qﬁ@ derived over
di scussed. As shown in Figure 5, ree signals are

the nedR¥hsamplessrrse: ethe sunn@oreeieh@y 94 texhilitseanly aigradual
McFegde IO b3 FREPILS oo B30 i is™"

increasss 66 platéawuAtpdint 88df Figuralss thelbbsolaterealaé of tee auto-
conbi?ned Cr oss correl 3_§| on 96 calculated in step

&e §°afcr<¢$%ﬁ§r@/eg Ca PaseBres, ot HiaB! he prergy chardalaristi
SR A ShB TpBRERBU 1 RSB ana e
packetds dietectedir #h)clearlysilustrates the signal processing algorithm
defined in steps 62, 64, 66 68 and 70 of Figure 3. Figure 5 also illustrates at
point 100 the instant where the value of the auto-correlation 94 falls below the
magnitude of the energy characteristic 92. At this point, and as illustrated in
step 72, 75b and 74 of Figure 3, the end of the L-STF preamble symbol and the
beginning of the L-LTF preamble symbol is indicated. Thus, when the L-STF

. preamble is complete, the auto-correlation value decreases very quickly so that

a distinction between the L-STF and L-LTF preamble symbols may be made

within several samples of the wireless communication signal as sampled by our
analogue-to-digital converters 36a,...,36n.

Because the combined cross-correlation 96 peak occurs for each L-STF short
symbol, this enables the apparatus to detect fine symbol timing. The

determination that the absolute value of the auto-correlation has fallen below
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the wi ndow before rising sharply to a plateau within
about 100 m croseconds. M nor variations about this
plateau in this energy characteristic are derived over
the next 250 sanples or so. The auto-correlation 94
exhibits only a gradual 15 ingigease from about 60
sanpl es up to about 150 sanples when it also

AEEFERT olefaieRbt ftenlia SEhis BT hast R bisamits Foarse

(frante tinhePERE iridiegteahe tdhandf the %h@ﬁafacwng@hﬂsal Présrhble. The
92. At this point, the signal timng of the

ﬂ)%fél@é‘@ﬁftf%i%‘gl symie) dimiag Wik fetalignegavitteframe tineinge: ed.

This clearly illustrates the signal processing

algorithm 20 defined in steps 62, 64, 66 68 and 70 of
msglsraenaenﬁorga.lrmrﬁiow emtrdllmksdulemssofa%igum ektré&@ etrheFDM

:.sg(ﬂbgl]&g éme gelmu QR (I%lP'F)( rﬁ{étd@@?é;? Higtulrg 2 to process and
WfistaRg s 9§£F§|n%a (¢])) Bé cP@h 'Uorregf‘éi{rﬂﬁof t'whh‘@ﬁﬁéﬁﬁéj been

in step 74 o ure e en
Ldesarmlpe@av%bl i® \Aeejlrimﬂwraraxacheymbelgtlmtmlgng not nebesdary 16t an

SR A Bhalal & BB ST FET Wihnaias Wity a16y@rd irterval and

GfteF GRS ARItIHRAN cAHhRE!
e g iy gl oy e ) e

Vieduged aregvarnelininaiedby @@mpM@g\M\e@t@s@ lrdewmmeetef@ne in order

30 808 BoRa B Rithols RINEHE L 5B hfgngemoving the
Quasd intenvak Isytrib tiffing Bekoraedllyrmoled faraehd beddral simples as is
synbol, this enables the apparatus to detect fine

§§’H16%” ptiqnak; ng. The determ nation that the absol ute

val ue of the auto-correlation has fallen below 14 the
energy characteristic in step 72 of Figure 3 is used

tovid drecappreciatechthst theé invention mas deandescdbed by wineotexample

f the short trai ynbol preanbl.e. The |.ast

Brif 17 SR lesio s s Tony ednds siBaulieraripd s e spir

bhEﬂ srwge oF tHhs wNénﬁ@ﬁV ‘F@ht&@é'of ok %wcf:@nhé%vémmﬁl fay be
ure 2 extracts an for Fas

P&ﬁqfléﬁPd 1n eerapmatio mth femelwf asog“rerrasgeﬁteofztheonventlon

process and discard the guard interval (G) based on

correct synbol timng having been deternmined. As is

wel | - known, exact synbol timng is not necessary for

an
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OFDM signal as long as a start of an FFT window is
wWithin a guard interval and 1o after the nultipath
channel delay. Inter-Synbol Interference (1SlI) may be
reduced or even elimnated by renoving the guard
interval. Therefore, in order ;sto avoid renoving a
part or sanple of the desired signal when renoving the
?ﬂ%(/'ﬁ interval, synbol timng is nornally noved

d several sanples as is conventional. 15 It
will be appreci ated t hat the I nvention has been
descrl bed way of exanp only and nodifications in
det ai IA mawali@ fﬁﬁ@%te\mﬂl@ﬂlﬁlg@ébﬁﬂﬂgw@ 3 Wirlasscosynynications

tures of one aspect of
%@é’ﬁt@gﬁi%ﬁéﬂgyﬂeﬁfeﬁ@e (52% in conbi nati OanI th
f eat urdetemfinaaot duto-casietationodf theasigmalent i on. 20 15
Clains, 1. Apparatus for determ ning Si I t.irrin ipn a
wi 1 el deteriRRWIatek o enewysharactefistic,dhthe signalisatisties a
Qﬁr'éfshgk'f@fﬁeﬁé?n aﬁdd%ﬁ ﬁ’éél@ledélérn%l’laﬁoﬁ% ripae!tAB afto EBF‘relatlon

signal; determ ne an energy characteristic
Wit &le@mrgy;ahasa‘ot%tia andhr eshol d criterion and, upon

said dgterm nation auto-correlation wth
he e e e Sl BFRE frafndfe S0bATREN he s: gna
timng fromthe conparison. 10 2. Apparatus according

to claim1, wherein the apparatus is configured to
@et er ARRArAYS asicgrding t9 alaiy wivdiereindhe @pparatysiis configured to

fetethilRe ttllﬂ? pﬂ%hﬁrﬁé@g\%& Ylfi‘e #ﬁmﬁ%scﬁ Fetu m$ thﬁl] an absolute value

auto-corre reater a va e ener

ofitieaturcatrelatiod & greafgthantauglae obthd evgeryg chbeaoterlstlc
or claim2, wherein the energy characteristic is a

scal ed value of calculated signal energy or calcul ated

¥, gnalap RPURE ackorfiRy %o EA °|Ir f Qhink BEWRERAR the/ Bhe
be| ng apF%?e ﬁeate ﬁ%d va © ! ! fay
characteristic is a scaled value of calculated signal energy or calculated signal
power, a scale factor for the scaled value being a pre-determined value

selected to mitigate effects of noise in the signal.

4. - Apparatus according to any preceding claim, wherein the wireless
communications signal is a MIMO wireless communications signal and the
energy characteristic is accumulated for each spatial stream of the MIMO

wireless communications signal over a first sliding window length.

5. Apparatus according to any preceding claim, wherein the wireless
communications signal is a MIMO wireless communications signal and the auto-
correlation is accumulated for each spatial stream of the MIMO signal over a
second sliding window length.

6. Apparatus according to claim 5, wherein a predetermined duration of the
second sliding window length is set to correspond with a duration of a symbol of

the signal.
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selected to mtigate effects of noise in the signal.
20 4. . Apparatus according to any preceding claim
wherein the wireless conmmunications signal is a MM
wi rel ess communi cations signal and the energy
characteristic is accunul ated gor each spatial stream
of the MMO wreless communi cations signal over a
first sliding window length. 25 5. Apparatus according
to any preceding claim wherein the wreless

FomuAppatratasaicsbaiiag td anp pMddding ckirtswherein the apparatus is
cormunl catl ons Qé ) and the auto- correlation is
efq

oxfigerecoto apand &f adinovemsynbekia the signal §em the
%ﬁ{ ofecond sliding wi ndow |l ength. 30 6. Apparatus
accgrdl ng to claims, wherein a predetermned duration
of the second sliding window length is set to -

orre ond with a duration of mbol of the signal
B MR RAFAIS g e Kb i o viieye Bribe SBPAAILS &8 faMTigured to

We%&me ERG o@en@wm%mﬁon ih Lfﬁ%%@na‘r AREhdHE %%s%mté GhRelof the

an end of a known s int nal from
autmaeirglation falks, betpwdhawa@aaofctbecbneggy ohaftazteristic.
wherein the apparatus is configured to detect the end
of a known synbol in the signal when the absol ute

gal ue Apbatdtas a@ub@mg?fd th’ﬂbrévédﬁ !:I&lrhesivﬁ@fetir‘i‘ the/reRss
of the energy char eristic. Appar at us

&@E‘WW'@'QQ? %lgyalpw @cMWQngfelss&pommur@patlQHSeSIgnaleamt&re

SIS BbBrDbERalndied MRS bl iming ngpe gpal e
sxgmhl gavlag first aet sggundesigyalttemporBmg comprigingskrisva symbols a
a having first and second si gnal conponents

ffaﬂwﬁ | ehEihsesansosignal aponkmwntgﬂlﬂgaﬁhlﬁed toyea shift interval
MRAEGBEp S0 @ Kif P SPRBbI QﬁhEQII’%hé évngl eﬂj érﬁlde wherein the

interval 15 with respect to a
appatatys gnednfigangsbteent , and wherein the appar atus is
conf i i rst cr.os;

corr eg§[[f$%ﬂt %:fa F %réftlor o f?{ﬁ:gz[osgﬁgrre'iatlon ofthd! communications

signal with a known symbol stored in the apparatus;

perform, at a second time, a second cross correlation of the
communications signal with the known symbol, the second time being shifted
from the first time by the shift interval;

determine a combined cross correlation from the first and second cross
correlations; and

determine symbol timing from the combined cross correlation.

10.  Apparatus for determining symbol timing in a wireless MIMO
communications signal having first and second signal components comprising
known symbols, a known symbol of the second signal component being shifted
by a shift interval with respect to a known symbol of the first signal component,
the apparatus being configured to:

perform, at é first time, a first cross correlation of the communications

signal with a known symbol stored in the apparatus;
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signal wth a known synbol stored in the apparatus;
perform at a second tinme, a second cross correlation
of the 20 conmunications signal with the known synbol,
the second tine being shifted fromthe first tine by
the shift interval; determ ne;a conbi ned cross
correlation fromthe first and second cross

coni wavot 2t 8ePd Bk, A'seebi ot fyifalibg B ¥

¢ohsrhohishiensyighal with fhéTEndMn dyibot|tRe sebbMPtime belnP shifted
comruni cat i ons Si gnal hawbmi first and second signa

5@%8?%“'@“5@@ ft ik synbol s, a known symbol
f th ; _
g hi 1t‘t et %mval S‘%M&ﬁﬁhﬁgg g@%g{%e'gﬁéﬁgfgﬁhgﬁeﬁg aﬁ%( S?ﬁoend cross

fdonfelat&:lngnahdcon”ponent 30 the apparatus being

configured to: rfarm at a first tine, a first cross
corr e%ﬂﬁ‘?%”%ﬁyg}%@' HevRa, PE‘a‘thied%%“b'BP GESSFQrFelatiah own
synbol stored in the apparatus; 17 perform at a
second time, a second cross correlation of the
ddmmuiipparatossacedgling tovckaimither daiowd Oswhbrein thlehapparatus is

econd tinme bein hifted. fromthe first tine t he.

ZRgGted Ertaliim e e poRDined. Sss FEreldtBbdtardia Siamagan o
ftlﬁé’ﬂl’ét%ﬁdfdécéhd%ssé’&r?élgtl@ﬁé)ss 5 correl ations; and
deternmi ne synbol timng fromthe conbi ned cross

correlation. 11. Apparatus according to claim9 or

36 or e S FoRing 1 BRTEEbEps B tar TR MR IS Spparatus i

%bmmne@ﬁoctfeterhﬁlné hiee &ymbbl BmthgsRemNtlpeakdsthe combined cross
correl ations. par at us accor di quj to any of cl ains

gofrglation, ﬁﬂ@r“émprt'ﬂ@ét%ﬁﬁ@‘étmé, thied sliding wWindaw t o
determ ne the synbol timng froma peak of the
conmbi ned cross correlation, and to nonitor the peak
i18. a tAppadatskiaticarding tadchaim 12, wherein a predetermined duration of

the third sliding window is set to correspond with a duration of the known

symbol stored in the apparatus.

14. A method for determining signal timing in a wireless communications
signal, the method comprising:

determining an auto-correlation of the signal;

determining whether an energy characteristic of the signal satisfies a
threshold criterion and, upon said determination, comparing the auto-correlation
with the energy characteristic; and

determining the signal timing from the comparison.

15.  The method of claim 14, wherein the method comprises determining the
signal timing when the comparison returns that an absolute value of the auto-

correlation is greater than a value of the energy characteristic.
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15 13. Apparatus according to claim12, wherein a
predeterm ned duration of the third sliding windowis
set to correspond with a duration of the known synbol
stored in the apparatus. 20 14. A nethod for
determining signal timng in ggw reless comuni cations
signal, the nethod conprising: determ ning an

t O- relat : [ 4 L0 Al i
38 oy e e eind P4 o IR 5, Y TEI et Bfaclhistic i

tahgoaddwaluerdficaldutited Bignal eaBrgeodcaellated sighalgower, the
conparing the auto-correlation 25 with the energy
@\%BS@P@N@WQQ applyinged Bﬁ?ﬂﬂ'ﬁ%@“ﬂ%s%ﬁ'@ RGOk for'ﬁt% s¢algghvalue
i T ] . aim 14, wherein
%E%Crret Eodlt on%??fggg Agg}dgém,?ﬁﬁﬁgqrﬁ%' signal timng
when the conparison returns that an absol ute val ue of
t.he ayto- 30 correlation is greater than a val ue of
Re ol bBgpotind danyoaags 1816 16 whawinatbaelescl ai m
Ebnihumitichslsignifis EVIME Rir61R8S Qb nfAdhidatiGis Sighal Arfd the
a scal ed value™of cal cul ated signal energy or
metbad somprisegeecupuiating thieeenargy bbaractensticfongach spatial

3B 9P B FhERR PEeT Uk RchGhal G e Rl o
farggiel . 5 17. The nmethod of any of clainms 14 to 16,

wherein the wireless conmmunications signal is a MM
wi rel ess communi cations signal and the nethod

npr i | a1 : L 8L G.for
SBIE" THESBHCHRI Y IR AR 81, FBATA Wablabe
commumicatiorensigealds a MIMEr wireless sbnahudicatiorvd sigoal drad the
| en t&. 18.. The math?d_ of anr#/ of claips 14 to 17, .
AR ompsisrs AcruTUIatingAg AaoRR tiondrppach spatialwtseam of
YHe Rl RETBVHCREE QIR i&ﬁ@W&%i th.Tet hod
corrprria‘?égi%accurml atél}ng tﬁe a tcl)-corrée}ﬁ’ati on for each
spatial stream of
19.  The method of claim 18, the method comprising setting a predetermined
duration of the second sliding window length to correspond with a duration of a

symbol of the signal.

20. The method of any of claims 14 to 19, the method further comprising
detecting an end of a known symbol in the signal from the comparison.

21.  The method of claim 20, wherein the method comprises detecting the
end of a known symbol in the signal when the absolute value of the auto-

correlation falls below the value of the energy characteristic.

22. The method of any of claims 14 to 21, wherein the wireless
communications signal is a MIMO wireless communications signal and the
method further comprises determining symbol timing in the signal, the signal
having first and second signal components comprising known symbols, a known

symbol of the second signal component being shifted by a shift interval with
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15 the M MO signal over a second sliding w ndow

l ength. 19. The nethod of claim 18, the nethod
conprising setting a predeterm ned duration of the
second sliding window | ength to correspond with a
duration of a synbol of the sggnal. 20 20. The net hod
of any of clains 14 to 19, the nmethod further

3%4‘#?4? Aol S s 5 stin bR eReBl B kit

@in the nethod conprises detecting the 25 end
of a known synbol in the signal when the absol ute
val Ue PEFOMIGaat 8-TIrsidimel afirseross sarafationol Hie semmsnications

cf%“f"ﬂ@"@?{(@éf\ﬁ% o Efdré{ihﬁ:th a'l,"gﬁ]snEt hod of any of

ere n ESS communi cat i ons

Si gnalpeirfermaind, Wawewhd&m&mr@émssso&em@h afnlde
the 30 nmethod fu ri ses dgtermn

I nNg S
ppmrngmpﬁt'?rﬁeﬂgn@ﬁgnt th%nn‘gwr@,ﬁxmbﬁ Jhﬁ@eppragttméq'aemg shifted
$.%ﬁ?ﬂ-§§ ﬁ,ls?}gﬁ-{e PO lrste ri sing known synbols, a

known of the secon S|gnal conponent being
s hi ft @@tdﬂmlamgra combimeglrarabs wotrhlation fraes plee first and second cross

nbol ,of the first signal conponent, and the
fr%o}/‘éo%qlsi ng: perforning, at a first time, a

first deterfsiningrdyphtd| Inﬁnn@ffrotmné:@csmume@aérbswéorréiaﬁaﬁl
with a known Synmbol stored in the apparatus;

performng, at a second tine, a second cross

rrel,a X n i
%%OWI’] As&‘m%ff%rr?}é?%'gﬁﬁﬂgt@"@'éeu n ?@%Vﬁt %@é pp&@ft he
fcormmhunicatioriyysighal Isavifg firstaad\setcond sigiaricompdnents comprlsmg
%onbl ned cross correlation fromthe first and second

PEWE SYmRqie| & knewa syahel %t"lﬂ»’e‘i%‘ﬂldrﬁ'ﬁ@ms%ﬂ%mneﬂt Reiy shifted
ggfég%rﬁhﬂﬁw%gmg m¢egg>le§nﬁﬁ;ao{<¢]&gﬁ Eyfibol ofthe fis(BERaMLMRbonent,
themethedicompsisiiggnal having first and second signal
con‘ponerr]rto§mﬁ1%rrgg asflrgt%me a first cross correlation of the communications
signal with a known symbol stored in the apparatus;

performing, at a second time, a second cross correlation of the
communications signal with the known symbol, the second time being shifted
from the first time by the shift interval;

determining a combined cross correlation from the first and second cross
correlations; and

determining symbol timing from the combined cross correlation.

24. The method of claim 22 or claim 23, the method comprising determining
the combined cross correlation from a summation of the first and second cross
correlations.

25. The method of any of claims 22 to 24, the method comprising
determining the symbol timing from a peak of the combined cross correlation,
and monitoring the peak in a third sliding window.



known synbols, a known synbol of the second signa
conponent being shifted 15 by a shift interval with
respect to a known synbol of the first signa
conponent, the nethod conprising: performng, at a
first time, a first cross cornglation of the

comrmuni cations signal with a known synbol stored in

t he apparatus; performng, at a second tine, a second
cross correlation of the 20 conmuni cati ons signal wth

e kwmwrdzpbf, clhhezsemrrﬁethdaeruhﬁensoﬁubhéhg%etﬁﬁg)m
the first tine the shift interval; determning a

@csﬁ%eﬁtﬁéra"@dcgtyata@m pttha third sfiditg winelom tosgoreasposd mgitia duration
§ d i ng synmbol timn
?ﬁon1 ﬂgwég I'ne gﬂﬁ?%§£93%5¢5%£W¥%ng gs 24. The °
met hod of claim 22 or claim 23, the nethod conpri sing
determining the conbined cross correlation froma
summation of the first and second cross correlations.
30 25. The nmethod of any of clains 22 to 24, the
nmet hod conprising determning the synbol timng from
a peak of the conbined cross correlation, and
nonitoring the peak in a third sliding window. 20 26.
The met hod of claim25, the nmethod further conprising
setting a predetermned duration of the third sliding
wi ndow to correspond with a duration of the known
synbol stored in the apparatus. 5



