[ DESCR] : PTION] [Invention Title] SMALL-AREA SYMBOL Tl M NG OFFSET

SYNCHRONI ZER AND DESI GN METHOD FOR SAME [ Techni cal Fi el d] The present
invention relates to as Cool timng offiset synchronizer haying a | ow area
structure and a design nethod 10 thereof. Mre specifically, the invention
relates to a symbol timng offset synchronizer having a | owarea structure
in the sydb8BCRIATAGNYf f set synchroni zer of | EEE 802.11a W.AN of an OFDM
comuni cati on net hod, and a design nmethod thereof. 15[-ackground Art]

The basic principle of the Ot hogonal Frequency Division Miltiplexing
(OFDM nethod is . dividi g a data stream of a high-speed transm ssion rate
into a pl F&Vlef‘§18fl aFaFE direans of a | ow speed transnission rate and

Suby-carrRBEL PR | o eron | S Pofar BeeBe s LGBRAN TR Bfh At O

mul ti ScarfiTion r@%rﬁ% on scheme in which a data streamis sinmultaneously
transmtted on a plurality of sub-channels in Parallel. Accordingly, the
OFDM techg gque is a 25 " mil tiplexing" technique in that a high-speed source
dat a streahc6hnénelchamtél is sinul taneously transnmitted on nultiple

channel s, and_t he OFDM techni que i s modul i

hi gh- speed 50351 S A ! Jéh"rﬁqb lod'herec%annel 8! 8d| Vi %%g gn%lnrgranéspf%?gd on
mul tipl e spbsicartigrs,n30; Wavef opsaekat Qeraubuear Bher $ afs afit hegonad on
the tinme axis, but overlapped on the frequency axis. Recently, such an OFDM

modullét | orhemtdiod i sMuiceel yoaseflicahly, varieet yinofendiiced andakiesel eSs @at a

transm ssi on stens, The OFDM systemefficiently uses frequenci es conpared
with exi stymy stl ‘rfdrjéq%a‘rﬁ%?t t?%ﬁ?%ﬁﬁf rﬁﬁ‘fﬂ&b‘g 3 sHPY e The® pr bl BT of

inter synmhol, ﬂ&tﬁglﬁﬁéf% o %aﬁ%rkéﬁ cx of IEEE 802.11a WLAN

,r subcarriers in an o bt ai s superi or performance
even in a#mdi Je)ior:d rbctraﬂlmrugc@wmr Qﬁ‘éﬂﬁli’tfod,usarlitg aa gt gh indetval shereof.
However, the OFOM nodul ation nethod is weak to a synchroni zation
algorithm That is, a carrier frequency 10 offset occurred due to carrier
frequency srratch of a transmtter and a receiver generates intercarrier
i nt erlPer er{g@ nchr oni zati on of OFDM synbols is not accurately

obt ai ned. Ther ore |nterfere ce o rs th nbol n

per f ormance i g %% €k égghéh? %%ng S é 4 n?%§¥§%§gef

Si gnal '%§f${§ﬂ@iyn%m@@tn@ﬂt mélu%&ie&st QGordact | ¥ Qer&edulsakeaal gl g of
the OFDM schene. Hi speed data transm ssion generates a nulti-path del ay
nor e thanhi@MSSpéedluesnamlhsghnasaae thockacythealntanof ndabe wkrebess
environment. A synbol 20 timnc offset is generated due to tTe uncerialnty
of a synbef. arrival- ?Pﬁ@dcaugéﬂnﬁ?l§ﬁeo%ulﬂﬁﬂﬁathaﬁgiaysaﬁﬂ bPFF_FENEe in
samplyng LLEQURDCL 834 Ofcld anspiLiLDg and I ecelalhg ends, The,syimg) bim ng
of f se tes phase er signals an generates a synchroni zati on
error of the-EEFr (East Zﬁhgaurseroﬁnmngéow@rama@lowsp@sspeomalarﬁdrmhuf
causes inter-synbol interference. Like this, since the synbol
synchronlzamubhle¢anrlgrearhysmeéseQSeSC§9@@ehﬁp@h#@hnﬁn@étas§ﬁﬁﬁﬁmtFﬁlng
of fset synchronization of the tr anlttln and r. celvkng endﬁ shoEId be
perfornedsb@?grén?ﬂes£¥cEF9Pﬁ815%8 36" 2" prral{ty ot "ub CRaRrSYs iR

of t heOF ecut esa fset nch zat nhhkeck. is a

[ Di SC|O§E§%§£F¥§§hnIC8| é$§%9299¥9§ AE%%rdlggPy tﬁgepregent i nvention
has H¥en nﬁdeupleﬁ:dﬁg"totaﬂin/:aquehelabomeapr @bl eirgh-apdedit s®1aTe obllae@t of
the invention to provide a synbol timng offset synchronizer having

| ow ar ea str@eRurefi nofhe §9ﬁﬁ8ﬁlt|hﬁngSéﬁ?ééﬁ“%?ﬁéﬁﬁoanéPSBFtFEéE 9@2 11a

WLAN of an nlctlon t od met hod t.

10[ Techni Elgﬁgwh rg?? S’ I nnrrCF(;rJC ngcgoerr%l Qﬁl theQa%ovgl%o | ggtlsonof t he
i nventi Onteéﬁﬁ%qenolﬁ ot@Re %p%bhafsﬁé%@ I Byehttoatheseresmprori de@d a
synbol timng offset synchronizer for converting a direct formfilter

st ruct ur echatnea tisanspused dirdectrafonimisd foht eplstplet sue-cagdiers.

convg{(ﬁ] f||ter coefficients of the transpos d direct f mfllter .
stru PRESCEBES PLc B8Rt S$UBT PR 1EAR0ATE §’|r3j &d 4y fm(%%ﬁ) HEPm> 555

whi ch the fil u r d ed on the CSD form
coeffrcrenpIt Bg EEFEQP Bﬁtngn?ﬁgE§$ﬁg ngg§ the transposed direct 20 form
filer structuree@setexpresskdainn cat¥ suediiplenentmé ooy andwtihedya used
conplement formis converted into the CSC form Here, the transposed direct
formfilter structure may conprise four filters of(n), r2(n), il(n), and i2
(n) (here, r denotes a real nunberal), and i denotes an imagi nary nunber
(image)). In this case,0 and i1(n) nmay be the same filter, and r2 (n) and
i2 (n) are the same filter. According to another aspect of the invention,
there is 30 provided a nethod of designing a synbol timng offset



4 filter structure; converting a filter coefficient of the transposed
direct formfilter structure into coefficients of the CSD form and
re-designing the filter structure based on the CSD form coefficients.
5Preferably, the nethod of designing a synbol timng offset synchronizer
further conprises the step of expressing training synbols of the transposed
di rect fdmmef ivieréetat odc e d ﬁ.ndaW2'r§l@§ﬁpldél’%§n%rﬁ@lsﬁﬁlséﬁ(?ns;?h‘ﬁ&e@s-
expressed,.in 2' s _caonpl ement. far e rt in f.qr m
Here, th hter a¢1$p Sggsgﬂne(ﬁ locrlrﬁr}q_illrg gr8¥§?r tﬁm%&mgnn%%éco%%ﬁgge%&l ditors
of ri(n).exiZ{thhg | kGBh1eandak2{8) (Hef@smissenodt eseend@al noThers (real ) and

i denotes an imagi nary nunber (inmage)). In this case, rl (n) and
i (n) may rhektlke safie ifntletrer symipdl 15m2 efierande a¢pdnar @ thkeusahetyi lafer .
]Advagt ageous Effects], According. to gn enbodi m§nt gf .t he pr esent

i nventi orsURaradddET Soft 1t HE? sYRbRPIR R bSO FE8E s§RChPENT2EF i PidsiYned as

20 a conasple b, B Jd I8y Theaaddar. i-s.gonverdad; | ooi Aokhanepasedqdiy ect

formstructure 1n the first stage, and then filter coefficients are

convert edyiatcd imtCSRHf1er.mfilter in the second stage, and thus a structure
of a lowarea synbol timng offset synchronizer can be obtained. 25
(Description 8PWBV&a® ngEREl GOFPM s8REWLAG1aNpr 8B stifucti®e us&d it | EEE
802. 11a. FI G i s a_block, di agram,showi.ng a_sy ctim e

synchr oni%i’é}c%?d]la%afztfeodheﬁggoigﬁltg@t‘ syrr?c}}]arhcpnilzsér T—"‘or!%%ﬁ\%% f_}%%{%é% is a
vi ewjghowi f¥gs dihe iUty e ok arsymbolrtEpi ngroffisety syncionizeror &

FIG 4 is a viewshowng the entire structure of a transposed direct form

of a synbotartdmitigeof f setd synehr omiezeivaccor diengre¢esn erbddimerarofet he

present invention. FIG 5 is a view showng the structure of a lowarea 5
r[ (n filtEreiiedediGhed it ddrth iy 1S & Ihé%ftt G r?é’mg%%]s“erhs not

i nventio LS. i ew ] he . ar )
filter rer‘L:i ecsulrg“jnée:é %acgglrcgllﬁagfo aﬁngﬁ%(@)gfﬁéntﬁg t e;geglrée%eﬁtc!:glwﬁveaﬁ??rg&n. 1)
[ Mode fortddvepmidan, and dereimaideforidre-grief etggcdnbodi nents of the
present invenr--ion will be described in detail with reference to the
accorpanyi ng écarirdgsglys| reyteo ot Lowneg sdercaitced s ppfoR, FEIerences

are made to the acc anyi ng draw ngs that show, by way of illustration,
specific Je'?w‘oc?ditﬁfeeﬁ‘legt i n |°gtﬁ e ilﬂ‘veﬂf:%ﬁ n§9 b%gﬁ?%%¥?%eaée%(§e%gate
enbodi ment 5,81 £ descrihedoipysuidigient detallsga-enabke thosesskidied in
the art to practice the 20 invention. It is to be understood that the
vari ous endosh st sa ofiut he-pavientiebay abthoughnditeher exft ,tiaress ot high
necessarily mutual |y exclusive. For exanple, a particular feature,
structur &S 6t SHaFactEriatit eskPited Herel5S | P Boreteion i t AYBhe!

enbodiyrent, may be.inple e it hi t 'QJF@E £t ho

depa(riltoi ngt Tor t%%fés%?rll%m%]ﬁ%%%@e %lfelta%% ?ﬁ%eﬁ?%% n gdeé\%t?o%%m??li s to
be under siopd/dhatidde-d0cad 19n OHe anyBngeret @f1dpdivd duat f et eneat sn

wi t hin each di scl osed enbodi nent may be nodified w thout departing fromthe

spirit anmgkmsebpey of redreen mientd Ont rathen ol 1 owi aied 30edet Gl eded@ser i PREon
is, therefore, not to be ken in a limting sense, and the scope of.the
present | TWERHtT of < "def %ni‘?tﬁ)tzetq‘hé’tkb?p%esnd ﬁ GBS opt PATePY 6
i nterpret Q{&f i the { forequl nts t [ th i ms
are enti t%gej%.a(%n t %%aﬁn&ﬁ%i@ﬂ%ﬁ%&nﬁ lréléf:‘igblrlet E))%t hghggrrgbgr giF%!;Igar

f unctlsonatdtiyidhr aughedo riche wevdsal pvsewson, andRefkRnencesidas theter-
specification to "one enbodinent”, "an enbodi nent", "an exanple

enbodi nentymbet c.  intrfifeadchat t helékbBodi Heht: desdridsed B i né¥ugaela.
particul ar_feature tructure, or_characteristi b ever I t may
ot nececskrtTyon et BHENE RET B celT T HaphRaoBy, At Y Yo ey ALt
characterishh&l Mheayehrrsdeh sPRIASeS iae kel Jrecessat thyshef eingngntio the
sane enbodi nent, Further, when a particular feature, structure, or

char act errstétvisgdesdsi édulll domneetrfonnait hedprentdd memteiving send

submtted that it is within the know edge of one ski%led in the ar% tEQ.
ef fec sueh 15th&at uPEPYst r $eHEE  oreXHatdct eridti c-TRICBANECt | BATRFEh

ot her enbodi - r ot explicitly described. A packet
constructgghgﬁggﬁ%%gﬁéﬁgt??éagénd of the WLAN (I EEE 802. 11a) OFDM wi rel ess
comuni cati on schene includes a preanble, header, and a payload which is
data actually 20 desired to transmt. The structure of the preanble used in
| EEE 802.11a has 160 sanples of a short training synbol and 160 sanpl es of
a long training synbol as shown in FIG 1. Here, the short. training
synbol is used for signal detection? AGO diversity selection, timng
synchroni zation, 25 and coarse frequency offset estimation- in addition,
the long training synbol is used for channel estinmation and eine frequency



7 i magi nary nunber parts. Synmbol timng offset synchronization using
the preanble is a work of syr.tchron.izing timng and correctly finding a
start point of a synbol using a training synbol having a periodic
characteristic. Timng of a synbol inputting into the FFT/IFFT block is
synchroni ze' by correctly informng the frequency offset synchroni zer bl ock
of the stépistiopur&l G 2 shows a bl ock diagram of a synbol timng offset
synchroni zer and a frequency of fset synchroni zer or WLAN 10 using a

preanbl e. [TechnAsashBwebiamFI G 2, first, | and Q of the shert training
synbols of sl to s7 anpng the preanble should he in uttﬁ? i nto E%ﬁ synbol
timng of fset2PSypEREBAIYer S8 aP T AdquitPESPIEAPRg S§RcHTOHT z &S _1¥he

T oe fidler R SR 1aD WD BELBICKE, CALEULRL 9 b0 iRy of dERLLTY @
timng of f'Sét’, Mathemati cal expr essi on T I'n mat hemati cal expression
I, Rnsdenetes:ta ogor £6l abioni ¥al ue egheudlat€tning offset synchroniieax
cross-correl ation nethod, X15. denotes the 15-n-th value of the ing synbols
t hat t he heedeiover kh@MsaiﬁaadVHﬁUéﬁnﬁfdéﬁotébecoﬁym@ﬁﬁeat%ﬁﬂﬁgY.Pfé%ﬁﬁ%es a

received signal. Cross-correlatjaon val f the received signal _ar.e val ues
obt ai ned S CGHIEE muif i5ﬁﬁgaﬁq%1%ﬁat$iA§e8§ifﬁh §F8ﬁaF° gﬁ?%i%ﬁﬂes of
thn short traini ng sW S%gnﬁ%e%%%%rq%%&%%f_if mat nemati cal expression
consecutively perforned on the received signal, the correlation value is
greatly increased and shows a peak at a time point where 16 repeated real
nunber and i magi nary nunber sanples are ended, and thus synbol timng

synchPoni 4atcbnican Belooriredtly 30 obtai ned The operation on the short

trai ning synbols previously known to mat hemati cal expression 1 and the
input  si gnaflNca® e rex prdes SEFIP 1 mathenatPeEf eRprEs§son “Shovi del ow.

[ Mat hemat. cal .expression 2] R, = YX = 15); - =AY (YU XX be YIXI)
ffyix" r(l.rﬁ’fnt%&’:fffﬂfoqzl-m?( ﬁt)o W oma ]éec)n%ié:g:éihee}pﬂvggsﬁs%lloarﬁ’2,t%ceorréslylesx
signal X denptesy & SHYdL tralini @ swdiols previausiar kinowrdrorerraegiaer,
xr denotes a real nunber., and xi denotes an imagi nary nunber. Conpl ex

si gnal Y dierattesfarnedeilved sitgnattune dehot es araespopedbei regid Jorm
denotg; an i magi nary nunber. A correlation %£¥value iifobtaiged if

mat hdrat i ‘ol C9x pF ST ORT 2/ | 8NEx EQIET,E 10 et 'eST sFREETHbCSPERI CHuntst

mul tiplyi | on. k d-t [ [ u I 4ol i Fation
bl ocks aﬂggﬁ%%§§§df%E§%§§|??gﬁyF%393%2?3?P%E¥6?og323£§§%E£ﬁ%ﬁﬂ?ﬁgﬁgtm.
FIG 3 shows aasbhiet useg0dd adsytol (¢$mi ngcofif,setnl5isiyrichtbori zérlter
including the four nultiplying operation bl ocks. In the structure of
t he synbotttudhinee off sea-&mchrohizeredforF|tde LSy rfgiehgtet i He 9¢%f - nunber

f i ved | dyi d t t he .i i f. th ived
o anal - v BTt e S TR R e e Mg BE RS gt T eV
trainigng syMHot; 1 and dhere are 16 reah-duuteri sapies ddng Déméntipréont he

15-th real nunber sanple. XrO denotes a value of the O-th imagi nary nunber
sanpl e ofatdetheai nihrg Bynbobnp aadetherferar el sl6comagt hady intivberhsa@pPes in
total up to the 15-th i nmagi nary nunber sanple. A 25 preanble input value is
a conpl ext®tiber, and real nunber yr and inmginary nunber yr are inputted
into relevant yultiplier t%%rrlt%)ors%%pe&%fggjcy'fo FppuL , signal-dis-d npytt ed
into shift registér and noves to the next shift register at every ~ 9

cl ock. Thes@n@r £sd 5cshi-ftiTeGESt €F SrDOIL,0 Bl4)i,n it ohal . akach, mu) t (peier pan
perforns a nultiplying operation on the value inputted into each shift

regi $tSer mat devetygscleockeasi ngmxerardexXA) 5THed r balden@iser atul tRpEyRagy
operation bl ock ?f Flci 3 calculates an addition of a value of Eyr";., and
a val ue ofUEYF%i (A%t he i magi nary nunber multiplying operation bl ock
cal cul ates an i a e i BeVahdesohe E¥i Xter S BEG the
synbol tiningjgggéjfggfg%? ;ﬁg&ﬁ F%EFF%§%§ ﬁgguses 64 nultipliers, the

i npl enent af (ron aAatka . i(agr easesheAeceordifngltyr.it needs to propose a structure
that can be inplenented in a lowarea by efficiently designing a nultiplier

part in the st DI e heneyRBEl aSaAGTy of f SBE SyWEHI IR zer toFr &1 &5 3.
15Th tructur f the synbol tim sync Lzer cor.di an
enboggﬁen?r%Ylﬁﬁ p?es%%?h?ﬁve%%ioﬁgfgggggégnéd E Hggéroggﬁ?ﬁ tﬁgfégﬁod
timng of fsgtnsyncheoni zae astaoeoncepiriofing fild estepé ot:i soappreached as
a concept or a filter, the synchronizes can be regarded as a filter 20
havi ng 16af fitertcéeffi diidmes oft racghore irrtad i ngrayabescdf dArpEeafdbire. For
exanpl e, therea structure for the structure of FIG 3 can be acconplished
by two stages of a stage of designing a transposed direct form structure
first. stage) and a. stage of designing CSO coefficients 25 second stage).
If a conplex nunber is inputted at every clock, the synbol tim ng offset
synchroni zer using 15 nultipliers



performs a. multiplying operation on the inputted conplex nunber with a
short training synbol previously known to the 30 receiver. The nmultiplier
part conprises four parts in total including two real nunmber parts and two
i magi nary nunber parts, and a nultiplier part has 15 nultipliers and 15
shift to registers.i\ccordingly,60 multipliers and 60 shift registers are
needed i #1tdeadl , SAAACHOr DperdTEHL it Per forhRd atOever§ eockt ah@St hus
it is disadvantageous in.that the e ' LS. kRE : h ab
i sadvant 408 08 R aeraans oyl d bl ST o E i Smbay Ly hoRE erraay oF°
synchroniczer cgsi ngh e Yaraddes saanthshid triegi stess attectueducangdpanti al
products by converting filter coefficients into the CSD form In order to
use t hi s timet R6®, fartr awspdsededitsect formfilter structure is used in 10 a

first_stage. For _ex | e, direct formfilter structure i sed.in_the
strucfure of ?ﬁ%%?%ggy'ti g TETHS& ancﬂ?ﬁhg’i?a?gshaomﬁxnﬁqul G%lgl,lngnd

this is It i [t r@goépeﬂi i ; i | StruGkYLe sas shown
in FIG %%rt\é%et gs'glrﬂl%t%rngztoéf’lat e sy g(?&?@;n%énég;é o%fk;lééetggéif/n%hr On?)ZGI’ 15n$'£hom.
in FIG 4daneliudes sabolfd | tef s. tHdhat tisnspodsédc] dilesctourfofrinl t éris tafr
ri(n), r2(n), i1(n) and i2(n).Here, filter ri(n) and filterare the sane
filter sistcalctivey Have thes saeeP tortht cfefts, 2AAdSYTPPEF BXRERPSEAd T | ter

i 2 I'sg th filter since they have th ifjgients. 20 A
| v ar oa K 56 FHBEOTERTEd TOT L 6 FECRY ARa Tt aF o 2 n) Chriver 1 ng

the fiplter coghficients tpLAsFaneni G iSianedrbigi tri(1€SR) ferureaetfinciyents.
First, design of a lowarea filter structure for the ' filter is described.
251 n or devortpo dismplfenentt id Heow arfear:Shn uctrule) usingnladders fam)t hiérefrid t er
structure shown in FIG 4, coeffici entf?of the filter can be .converted into

the CSD flortRReFEorder e dOHVRGT ¢befrfi ci 8RCs Tof deRetFF I £8r iM% e csD

form trq'! m Sy are expressed in the 2's conplenent form 30 and
t hen t he sﬂﬁ%or#ﬁ]%e%l%ﬁt) formis converted into the CSD form Itbecause if

the filter coehficeientssarer, decrgased, (nfableey beshows deead Milmzer,s ofd

coefficients used in the filter expressed in the 2's conplenent formof 16
bitslS r:(pTabhd 1} (2) sarenphenganefbihse®f short training synbols [real)
(r3 (n) block) Table 1 shows 2's conplenment formcoefficients and the
of |"'s in Table I. is proportional to the nunber of adders. That is, the

nunber of i r rti I the inplenmentation area. That is, if 2's
conpl ementlll%‘?‘(‘)fra%tcl‘%31 ggﬁl‘scﬁggggtgge used, the nunber of 10 needed adders

i ncreases singecbhengq ane ral aliyehiméntr acnueher pekskns, andridius t hen
i npl enentation area i s increased. Accordingly, in order to reduce the

nunber ofadtiderst, e rsbconplremento fioren | syrcdnmvertzdr i it oclehed SRS or m
The 2%2 a concept of a filter. The adder 1s converted into a
transposed direct form structure in the first stage, and then
filter coefficients are converted into a CSD form filter in
the second stage, and thus a structure of a low-area symbol

timing offset synchronizer can be obtained.
25
[Description of Drawings]
FIG. 1 is a view showing a preamble structure used in
IEEE 802.11a.
FIG. 2 is a block diagram showing a symbol timing offset
30 synchronizer and a frequency offset synchronizer for WLAN.
FIG. 3 1is a view showing the structure of a symbol

timing offset synchronizer.



real nunmber and the imagi nary nunber of the short training synbols used. as
filter coefficients are converted into the CgD form Table 2 shows 2's
conpl enent form coefficients of Table 1 in the 055 formof 16 bits, 5[Table
2] 055 forms of short training. synmbols (real) (rl1 (n] block) | f
filter coefficients of 055 formare used in inplenenting the ri(n)_.ilter,
the nunber ofFheders éfn de Vd&er eaBedire He'SnaFter St hah thatrof 2 s 2

conpl ement_form 1 tructure. T 5 r ficCi o] re

def i ned a?ﬁ&“&’&sggs? TSSO g%xgt ?%’I“ugﬁwo%g@fal% S %t";?hggﬁgt%é‘ a.
real numelorAGeeQr dionghy empbabhenz eantbe expcessednasnshown in a

mat hemati cal expression 3, B [Mathematical expression 3] NrOa >> 4 - a >>
6 - a > 10 BIG>>513is a >sidab Xhpwany> e asbsugpus@ oflaa >IoV4a0ER - - ab
+ a9 + al2a " 14 Xt.:, xi..4a > 3 - a > 5- a>> 9 + a.>> 12 -_a ,>> 15
Xr5 =) Xod3 (Xt 6 Z R ESdeRAPReS SR LG 58 dh §9bf%lzne§%>>053-thae >> 15
xrlc,-e To?:e‘ée'nta'%?re%t'io%?? 11 4- a >> 13 xm = -a >> 6-1- a. >> B- at >>
10 xmi =xrn xr1d'Xrlo Xr-hj - Xr The r1(n) filter inplenmenting

mat hemat i cal expressi 08. a3 wséngsaddens adeor dingctoran enbadilmentamsfa t he
present invention is as shown in FIG 5. Referring to FIG 5, the 20 filter
r ﬁcei Vﬁs rﬁi(ghal%ﬂfﬁf@m rRECHLERABI 2 WRF EHITulFat 37 15THRELEE 6N Val udE

t hrough shift, add_an&.subtract operations. Next, design of a | ow area
filter stHdre lfné’rentgét‘?‘émr‘z( n) fi Ipt er is described, . 2'gs conpl enent
formgpof -the imagi hary nunbers of the short training synbols are as shown
in Table 3. The value of the imagi nary nunber is the sane as a val ue

del ayed. Hyoekghbrsanpkesion]) [ Table 3] 2's conpl enent fornms of short

training synbols (imaginary) r2 n) bl ock)

Hereinafter, the preferred embodiments of the present
invention will be described in detail with reference to the
accompanying drawings.

15 In the following detailed description, references are
made to the accompanying drawings that show, by way of
illustration, specific embodiments in which the invention may
be practiced. These embodiments are described in sufficient
detail to enable those skilled in the art to practice the

20 invention. It is to be understocod that the various
embodiments of the invention, although different, are not
necessarily mutually exclusive. For example, a particular
feature, structure, or characteristic described herein, in
connection with one embodiment, may be implemented within

25 other embodiments without departing from the spirit and scope
of the invention. In addition, it is to be understood that
the location or arrangement of individual elements within
each disclosed embodiment may be modified without departing
from the spirit and scope of the invention. The following

30 detailed description is, therefore, not to be taken in a
limiting sense, and the scope of the present invention 1is

defined only by the appended claims, appropriately
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15

20

25

30

interpreted, along with the full range of equivalents to
which the claims are entitled. 1In the drawings, like numbers
refer to the same or similar functionality throughout the
several views.

References in the specification to "one embodiment", "an
embodiment”, "an example embodiment"”, etc., indicate that the
embodiment described may include a particular feature,
structure, or characteristic, but every embodiment may not
necessarily include the particular feature, structure, or
characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular
feature, structure, or characteristic 1is described 1in
connection with an embodiment, it is submitted that it is
within the knowledge of one skilled in the art to effect such
feature, structure, or characteristic in connection with
other embodiments whether or not explicitly described.

A packet constructed at a transmitting end of the WLAN
(IEEE 802.1la) OFDM wireless communication scheme includes a
preamble, a header, and a payload which is data actually
desired to transmit. The structure of the preamble used in
IEEE 802.1la has 160 samples of a short training symbol and
160 samples of a long training symbol as shown in FIG. 1.

Here, the short training symbol 1is wused for signal
detection, AGC, diversity selection, timing synchronization,
and coarse frequency offset estimation. In addition, the
long training symbol is used for channel estimation and cine
frequency offset estimation.

Short training sequences are configured of ten identical
symbols from sl to sl10, and each symbol has 16 real number
parts and 16 imaginary number parts. In addition, long
training sequences are configured of two identical symbols of

11 and 12, and each symbol has 64 real number parts and 64
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imaginary number parts.

Symbol timing offset synchronization using the preamble
is a work of synchronizing timing and correctly finding a
start point of a symbol using a training symbol having a
periodic characteristic. Timing of a symbol inputting into
the FFT/IFFT block is synchronized by correctly informing the
frequency offset synchronizer block of the start time. FIG.
2 shows a Dblock diagram of a symbol timing offset
synchronizer and a frequency offset synchronizer for WLAN
using a preamble.

As shown in FIG. 2, first, I and Q of the short training
symbols of sl to s7 among the preamble should be inputted
into the symbol timing offset synchronizer so as to acquire
timing synchronization. The mathematical expression shown
below is calculated in order to identify a timing offset.

[Mathematical expression 1]

15

ZYnX;S—n

n=0

R =

n

In mathematical expression 1, R, denotes a correlation
value calculated in a cross-correlation method, Xis-, denotes
the 15-n-th value of the training symbols that the receiver
knows in advance, * denotes conjugate, and Y, denotes a
received signal. Cross-correlation values of the received
signal are values obtained by complex multiplication of the
received signal and 16 samples of the short training symbols.
Accordingly, if mathematical expression 1 is consecutively
performed on the received signal, the correlation value is
greatly increased and shows a peak at a time point where 16
repeated real number and imaginary number samples are ended,
and thus symbol timing synchronization can be correctly
obtained. The operation on the short training symbols

previously known to mathematical expression 1 and the input
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signal can be expressed in the mathematical expression shown
below.

[Mathematical expression 2]

R, =|rx"
Y, + iy, )
=3 x, = yx, + %, + %)
=Y [O,x, +yx)+ %, = y.x)])

= |r(n) + ji(m)| = > (n) +i* (n)

In mathematical expression 2, complex signal X denotes a

short training symbol previously known to a receiver, X
denotes a real number, and x; denotes an imaginary number.
Complex signal Y denotes a received signal, y. denotes a real
number, and y; denotes an imaginary number. A correlation
value is obtained if mathematical expression 2 is executed,
and here, since two real number multiplying operation blocks
and two imaginary number multiplying operation blocks are
needed, four multiplying operation blocks are needed in total.
FIG. 3 shows a structure of a symbol timing offset
synchronizer including the four multiplying operation blocks.
In the structure of the symbol timing offset
synchronizer of FIG. 3, vy, denotes the real number of a
received signal, and y; denotes the imaginary number of the
received signal. Xy denotes a value of the 0-th real number
sample of a known training symbol, and there are 16 real
number samples in total up to the 15-th real number sample.
X;o denotes a value of the 0-th imaginary number sample of
the training symbol, and there are 16 imaginary number
samples in total up to the 15-th imaginary number sample. A
preamble input value is a complex number, and real number vy,
and imaginary number y; are inputted into relevant multiplier
parts respectively. The input signal is inputted into shift

register DO and moves to the next shift register at every
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clock. There are 15 shift registers DO to D14 in total.
Each multiplier part performs a multiplying operation on the
value inputted into each shift register at every clock using
Xy and Xj.

The real number multiplying operation block of FIG. 3
calculates an addition of a wvalue of 3y,x, and a value of
$y;x;, and the imaginary number multiplying operation block
calculates an addition of a value of 3Zyixy, and a value of
Syexi. Since the symbol timing synchronizer shown in FIG. 3
uses 64 multipliers, the implementation area increases.
Accordingly, it needs to propose a structure that can be
implemented in a low-area by efficiently designing a
multiplier part in the structure of the symbol timing offset
synchronizer of FIG. 3.

The structure of the symbol timing offset synchronizer
according to an embodiment of the present invention 1is
designed by approaching the symbol timing offset synchronizer
as a concept of a filter. If it is approached as a concept
of a filter, the synchronizer can be regarded as a filter
having 16 filter coefficients of a short training symbol of a
preamble. For example, the low-area structure for the
structure of FIG. 3 can be accomplished by two stages of a
stage of designing a transposed direct form structure (a
first stage) and a stage of designing CSD coefficients (a
second stage).

If a complex number is inputted at every clock, the
symbol timing offset synchronizer wusing 15 multipliers
performs a multiplying operation on the inputted complex
number with a short training symbol previously known to the
receiver. The multiplier part comprises four parts in total
including two real number parts and two imaginary number

parts, and a multiplier part has 15 multipliers and 15 shift
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10

registers. Accordingly, 60 multipliers and 60 shift
registers are needed in total, and 60 operations are
performed at every clock, and thus it is disadvantageous in
that the implementation area 1s increased. Such a
disadvantage can be overcome by implementing the symbol
timing offset synchronizer using only adders and shift
registers after reducing partial products by converting
filter coefficients into the CSD form. In order to use this
method, a transposed direct form filter structure is used in
a first stage. For example, a direct form filter structure
is wused in the structure of the symbol timing offset
synchronizer shown in FIG. 3, and this is converted into a
transposed direct form filter structure as shown in FIG. 4.

The structure of the symbol timing offset synchronizer
shown in FIG. 4 includes four filters. That is, it includes
four filters of ri(n), rz(n), ii;(n) and i(n). Here, filter
r;(n) and filter i;(n) are the same filter since they have
the same coefficients, and filter r,(n) and filter i,(n) are
also the same filter since they have the same coefficients.
A low-area can be implemented for filter ri(n) and filter
r,(n) by converting the filter coefficients into Canonic
Signed Digit (CSD) form coefficients.

First, design of a low-area filter structure for the
r1(n) filter is described.

In order to implement a low-area structure using adders
for the filter structure shown in FIG. 4, coefficients of the
filter can be converted into the CSD form. In order to
convert coefficients of the filter into the CSD form,
training symbols are expressed in the 2's complement form,
and then the 2’s complement form is converted into the CSD
form. It 1is Dbecause 1if the filter coefficients are

implemented in the CSD form, the number of used adders is
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decreased. Table 1 shows real numbers of coefficients used
in the filter expressed in the 2’s complement form of 16 bits.
[Table 1] 2’s complement forms of short training symbols

(real) (ri(n) block)

Training
symbol o112 |3|4|5|6|7|8]9|10[11|12]|13|14 |15
(Real)

0.0460

-0.1324

-0.0135

0.1428

0.0920

0.1428

-0.0135

-0.1324

Rl ol ol o | o o o -

0.0460

0.0023

-0.0785

-0.0127

0

-0.0127

=l R o Rl R o o o » R o rl = o o
ol o o o o r| = =] | | =P

= o] o] o] | O

-0.0785

ol o rl o r| o o o r| |l o |l o | K| O
I—‘OOOOOI—‘I—‘OO!—‘I—‘I—‘OOF—‘

0
il
1
1
1
1
:
1
0
0
1
0
0
0
1
0

OP—-‘OOO}—-‘OOOOOOOOOO
I—‘OOOOOI—‘CJI—‘I—‘OOOOI—‘O

1
0
0
0
0
0
0
0
1
0
L
il
0
i
il
0

ol ~| r| o R wr| o o k| R o o o rl = o
ol | r| o r| Rl o o r| Rl o o o =l H|l o
ol =l ~| o R = o o r| Rl o o o r|l rl o
ol r| R o = Rl o r| Rl Rl o o o |l Bl =
ol o | o k|l o o o | rl ~| =~ | »| P o
ol | o o o r| o | rl vl o | o o v =
=l okl k] o R R Rk | o o r| = | R o =

0.0023 0 0 1

Table 1 shows 2's complement form coefficients and the
number of needed adders. The number of 1’s in Table 1 1is
proportional to the number of adders. That is, the number of
1's is proportional to the implementation area. That is, if
2's complement form coefficients are used, the number of
needed adders increases since there are relatively a large
number of 1’s, and thus the implementation area is increased.

Accordingly, in order to reduce the number of adders,

the 2's complement form is converted into the CSD form. The




10

12

real number and the imaginary number of the short training
symbols used as filter coefficients are converted into the
CSD form. Table 2 shows 2’s complement form coefficients of
Table 1 in the CSD form of 16 bits.

[Table 2] CSD forms of short training symbols (real)
(ri1(n) block)

Training
symbol Ol1]|2|3|4|5|6|7|8|9|10|11|12]13|14]|15
(Real)
0.0460 ojlo|lo|O|1|O0|N|[]O]J]O|O|N|O]O]|]2]|O|N
-0.1324 |0 |0|O|N|JO|]O|O|INfO|]O]O]|]1]O|O0O|N|DO
-0.0135|0|0|O0OfO|lO|O|N|J]OJO|2[O]O0O]1T]0|N|O
0.1428 ojojofl1(0j0O0f1]l0jO|l12}O0[0]1|0]|]O0|N
0.0920 oflojloj1|lO0|N|fO|O|J]O|IN|O|O[]1|O]O]|N
0.1428 olofof1}jojo0o}j1|0j0O0(1|O0]O0 110]0]|N
-0.0135 |0 |o|oOojOo|O|lOfN|jJO|JO|2|O]|O|1T]O]|N/|O
-0.1324 |o|ofOo|N|O|O|O|fN|O|O|O|TZT]|]O]O]|N]|O
0.0460 oloJloflo|l1l1]|]O|lN|JOJO|O|N|]O|O]|]1]|O0]|N
0.0023 ojolojoflo]l]ofo]j]Oo|jO}l1l]O0|1T]O0|N|O]|N
-0.0785 |0 fo0|OfO|N|JO|N|O]|J]OfO|O|N|]O|]1}|0]O
-0.0127 |0|0O0|O|O|O|lO|N|JO|1|O|N|JO|O|]O|[]O]O
0 ojlolo|ofolO|O|lO]O]J]O|O]|O|O]|O]O0]|O
-0.0127 |0ojo|loOo|O|O|O|N|jO|1|O|N|]O]O]|]O]O]|O
-0.0785 |0 |O|O|O|N|[O|N|O|O|]O|]O|N|O|1]0]O
0.0023 o|lojojo|0O0]O|]O]O]0O0|1T|10]|212]0|N|]O|N

If filter coefficients of CSD form are wused 1in
implementing the r;(n) filter, the number of adders can be

decreased to be smaller than that of 2’s complement form

structure. The CSD form coefficients of Table 2 are defined
and expressed as X,y to Xy5 in order. Subscript r denotes a
real number. Accordingly, table 2 can be expressed as shown

in a mathematical expression 3.
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[Mathematical expression 3]
Xpo = a > 4 -—a>6-a>> 10+ a > 13 - a >> 15
Xep = —a >> 3 —a>> 7+ a>11 - a >> 14

Xpp = =@ >> 6 + a >> 9 + a > 12

a >> 14
Xp3 = a > 3 +a>6+a>>9+a>>12 - a > 15

Xpg = a > 3 -a>5-a>>9+a> 12 - a > 15

Xrs5 = Xr3

Xre = Xr2

Xr7 = Xr1

Xrg = Xro

Xeg = a > 9 +a>> 11 - a > 13 - a >> 15
Xe10= —a >> 4 - a>> 6 -a>> 11 + a > 13
Xp11 = —a >> 6 + a > 8 - a >> 10

Xr13 = Xri1

Xr1a = Xrio0

Xr15 = Xr9

The ri(n) filter implementing mathematical expression 3
using adders according to an embodiment of the present
invention is as shown in FIG. 5. Referring to FIG. 5, the
filter receives signals from the preamble and calculates 15
operation values through shift, add and subtract operations.

Next, design of a low-area filter structure for the
ro(n) filter is described.

2's complement forms of the imaginary numbers of the
short training symbols are as shown in Table 3. The value of
the imaginary number is the same as a value delayed by eight
samples.

[Table 3] 2's complement forms of short training symbols

(imaginary) (r2(n) block)

Training
symbol o|1|2|3|4|5|6|7|8]9(10(11|12|13|14]|15

(imaginary)
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0

0

i

1

i

1l

0

0

1

1

0

0

0

1

1

0

0

1

1

I

i

0

0

1

1

0

0

0

1

1

0.0460

0.0023

-0.0785

-0.0127

-0.0127

-0.0785

0.0023

0.0460

-0.1324

-0.0135

0.1428

0.0920

0.1428

-0.0135

-0.1324

imaginary

complement forms of

2's

4 expresses

Table

numbers of short training symbols shown in Table 3 in the CSD

form.

(image)

CSD forms of short training symbols

[Table 4]

block)

(rz(n)

9110 |11({12|13|14 |15

8

1

0

0

0

0

0

0

0

0

0

0

0

Training

symbol

(imaginary)

0.0460

0.0023

-0.0785

-0.0127

-0.0127
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-0.0785 olofojo|N|JO|IN|fO|JO[O|O|N|O]|1T]|O]O
0.0023 olojlo|lo|lofOo|lO|lO|O]|2|O0O}|1T|O|N|O]|N
0.0460 ololojo|1|O0|IN|O|O|O|N|O|O]|1]O0]|N
-0.1324 ololo|1|0|Of1|O0O|JO|212|0}0|1]0}|0]|N
-0.0135 olo|lo|o|OjO|N|JO|JO|2Z]|O|O]|1T |0 ]|N]|OQO
0.1428 ololo|1|0|O}f21|O|lO|12|0]0|1]O0}|0]|N
0.0920 olojo|1|o|N|JO|O|JO|N|O|]O] 1T ]|O]|O]|N
0.1428 ofolo|1|0}j0O|2fO0OfO|212|0]0}|1]O0|0]|N
-0.0135 ololo|o|OofOfN|jO|lO|2lZ|O|O|21 |0 |N]|O
-0.1324 olojo|1|0}|0O}2|O|O|212|0]O0O}|1]0]|0]|N
Table 4 can be expressed in mathematical expression 4
shown below.
[Mathematical expression 4]
Xpo = a > 4 —a>6-a> 10 + a > 13 - a >> 15
Xep = a >> 9 4+ a > 11 - a >> 13 - a >> 15
Xep = —a >> 4 — a > 6 - a > 11 + a >> 13
Xpe3 = —a >> 6 + a >> 8 — a >> 10
Xrs5 = Xr3
Xre = Xr2
Xr7 = Xr1
Xrg = Xro
Xeg = —a >> 3 —a > 17+ a>> 11 - a > 14
Xeip = —a >> 6 +a > 9+ a > 12 - a >> 14
Xp11 = a > 3 +a>6+a>9+a>>12 - a > 15
Xp2 = a > 3 -a>5-a>> 9+ a>>12 - a > 15
Xr13 = Xr11
Xr14a = Xr10
Xr15 = Xr9
If filter r,(n) is implemented wusing mathematical
expression 4 according to an embodiment of the present
invention, it can be expressed as shown in FIG. 6.

In an embodiment of the present invention,

a low-area




10

15

20

25

16

structure is proposed for a symbol timing offset synchronizer
block of IEEE 802.l1la WLAN of the OFDM communication method.
The adder of the symbol timing offset synchronizer 1is
designed as a concept of a filter. The adder is converted
into a transposed direct form structure in the first stage,
and then filter coefficients are converted into a CSD form
filter in the second stage, and thus the structure of a low-
area symbol timing offset synchronizer can be obtained.

The above-described methods can also be embodied as
computer programs. Codes and code segments constituting the
programs may be easily construed by computer programmers
skilled in the art to which the invention pertains.
Furthermore, the created programs may be stored in computer-
readable recording media or data storage media and may be
read out and executed by the computers. Examples of the
computer-readable recording media include any computer-—
readable recoding media, e.g., intangible media such as
carrier waves, as well as tangible media such as CD or DVD.

Although the present invention has been described with
reference to several preferred embodiments, the description
is illustrative of the invention and is not to be construed
as limiting the invention. Various modifications and
variations may occur to those skilled in the art, without
departing from the scope of the invention as defined by the

appended claims.
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[Claim 2]
The synchronizer according to claim 1, wherein training
symbols of the transposed direct form filter structure are
expressed in a 2’s complement form, and then the 2's

15 complement form is converted into the CSD form.

[claim 3]}
The synchronizer according to claim 1, wherein the

transposed direct form filter structure comprises four

20 filters of ri;(n), ry(n), ii(n), and i(n) (here, r denotes a
real number (real), and i denotes an imaginary number
(image)) .

[Claim 4]
25 The synchronizer according to claim 3, wherein r;(n) and

i;(n) are the same filter, and r;(n) and 1iz(n) are the same

filter.
[claim 5]
30 A method of designing a symbol timing offset

synchronizer, the method comprising the steps of:
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f or m coeffforoi ghiflter0 sft@uaitmre] into cpRd fdgachitencied &ECoFEITHg 6! ai m 1,
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to claim1, wherein the transposed direct formfilter structure conprises
four 20filters of ri(n),ii(n), and 1.2.(n) (here, r denotes a real
nunberand i denotes an inmagi nary nunber (inmage [C aim 4] 25The synchroni zer
accor di ng [€dacihakbih 3, wherei nand (n) are the sane filter, and r2 (n) and.
i2 (n) are the same filter. [C aim5] 30A net hogof desi %ni n ,a_syn‘oq’!ti m ng
of fset synchr 8APz8EtheHe aRIFEH "ot i Sty  t he StEpEeHf Compgising the
convepting a diyrect fo il ; o fpto-actra 4 egt m
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direct forgufiltierest ryetyreuint oigoef f peisentsmplenefSD form antrein
re-designing the filter structure based on the CSD formcoefficient. (Caim
61 The metyhoeblacceoxdingsed dhnaithe 52’ furadyerl coemdr | 5Py BHE 1PTSTHP-
expressing traini % synbol s of the transposed direct formfilter structure
ina?2s Jd'&rﬁ)l M wherei n synbol s expressed in the conpl ement form
are converted into the CSD form 15(Claim 71 The net hod according to
claim5, wherein the transposed direct formfilter structure conprises four
filtgrss offcnkign)yIr2(n), ii(n), and i2 (n) (here, r denotes a real nunber
real), and i denotes an inmagi nary nunber (image)). 20 (Claim 81 The et hod
accordi ng to aghal methother@idrdfrandto 1cléih ar e wihiegresameHd |teansameed 2 (n)
and i2 (ng are the sane filter. 25

irect form filter structure comprises four filters of ri(n),
r,(n), ii(n), and iz (n) (here, r denotes a real number (real),
and i1 denotes an imaginary number (image)).

20

[Claim 8]
The method according to claim 7, wherein r;(n) and i;(n)

are the same filter, and r,(n) and i,(n) are the same filter.

25



