1 TI ME SYNCHRONI ZATI ON OF A RECEIVER IN A DI A TAL RADI O TELERHONE SYSTEM
FI ELD OF THE | NVENTI ON The present invention relates to nobile, cellular
tel ephone radio systens for transmitting digital data S|gnals Mor e
specifically, the invention relates to an apparatus and LﬁL{
inmproving the time synchronlzatlon of signals prior to denod ifon int
receiver of either a base station or a nobile station of a such a syste_.
BAEKGROUND OF THE | NVENTI ON I'n nobil e tehephone radi o systenms operating
according to the tinme division nultiple access (TDVA) principle, data is
transmtted between aphpge sVNCHIONPRHATIOR OF W ERIPIRE fifations. This

data is transmtted betvgepr&ieaYARADID SIELEPAONB! s@sPiEMen rate, e.g.
48.6 Kbits/s. Typically, the data is sent in 40 ns frames with each frame

conprising a plurality of equeiedonr & HE ITRVENDION In this manner, a
nmobil e station will transmt or receive bursts of information which are
each allotted a tinme Bhetprasentr a'.mwervh’mxeb:yehapbsr&loi mpkdflenpbi | e
stations c tr. ] [ er n di

decode theétg}él'nsm te??ég{:%ﬁ%ﬁ%%iﬁ\éas ec%%{/%rfagl Jtt%g‘ I N I%' 1ng0ase<9:£€§§.l

or nobil e fa%d Gionals. bUPnedépﬁﬁéﬁkgﬁklxhethﬁnén§9@ﬁ§qmuiﬁk§ﬁﬁmIb@e the

data therephn fBVveEus ddfat flethed St | Moo hAEt themigRan of each tine
slot and the nature of Iectronagnetlc wave prop atlon |n relation to a

gi ven t opoFEHF hrqpizatioRart gignads &K%ieh FP pLIGR i the

ef fectivel yethiifver téf éitRepoai bagce &tdthionaopl admabsirld staticeh tde

I nformati on enbedded_in each tinme slot is |ocated in specific fields of
predetermﬁe&‘ﬁc gﬁrFY?Ye?s |nperat|ve that t he recelver recogni-ze exactly
which time segnent of the SAGEGROUND LHEt TNVENTIORuUs in order for the

receiver to COVVECt|YiHQHRQEiétEehgﬁﬂaﬁﬂﬁ¥g&£8ds§gﬂgﬁg operating
accordlng to the time division multiple access (TDMA)
principle, data is transmitted between a base station and
one or more mobile stations. This data is transmitted
between the various stations at a'giveﬁ!fate, e.g., 48.6
Kbits/s. Typically, the data is sent in 40 ms frames
‘with each frame comprising a plurality of equai'duration
time slots. 1In this manner, a mobile station will
transmit or receive bursts of information which are each
allotted a time slot in a frame, whereby a plurality of
mobile stations can transmit or receive over a given
radio channel. In order to decode the transmitted
information a receiver, either in the bass station or
mobile station, must both deinterleave the time slots and
demodulate the data therein.

However, due to the relatively short time span

of each time slot and the nature of electromagnetic wave
propagation in relation to a given topologv, these
.signals are subject to time dispersion which effectively
- shifts the time position of the sampled signal. Since
‘the information embeddéa_in each time slot is located in
speéific fields of predetermined length, it is imperative
that the receiver recognize exactly which time segment of
. the signal it is operating on. Thus in order for the
‘receiver to correctly demodulate the transmitted signal,




-2- |t must first synchronlze the signal to obtain a reference point from
whi ch to denodul ate. Typically, this synchronization has been acconplished
by including a synchronization sequence, 5 which is known to the receiver,
in the transnltted signal. At the receiver a sanpled version of the

recei ved Singnal is correlated with the known synchronlzatldn sequence to
deternmine where the sequence is nost |ikepy located in the sanpled signal.
10 This position is then used as the reference point for denmodul ating t he

signal . Accorgif nguse gikbtskeyaspecnicl e mz@em tovebtadn, at here is

provided a nmethpd of tine.s hroni zi,n nd |ng a received data
signal 15 ¢ f%g?ﬂaetRQl e%§t3¥ %Bf%b%ﬁlé% ﬁﬁre dat a“sequences
whi ch are known t oTypicadilygr this smﬂchnﬂnxﬁatk@m.haslbeeno be

denodul at ed; LA94%p two or
nore of said %ﬁ%gﬂég%%g%ges&lghqiﬁ%;h ase on %?% g?g Qq&?ﬁﬁ%ﬂ ng

recovery funcrhibel, ignknownntee thenpleaaivssintin thel Heﬁﬁémﬂéﬁﬁﬁb each set

of data fieldg; #afa' dAeeEﬁtev%céa%xsIagraampaealgvéb@laﬁsakt thg One or nore
25 sanpling poimts as a reference for .the dénpdul ggéng5803|tlon Accor di ng
r S

to a second &peeived shgnphledsncoarxeddtiosh wite W8 ded a nethod of
time Synchrorsﬁ@ﬁr@ﬁﬂzdemﬁube@ueﬁoe rtei:eemhﬁme whete3@hewi t hin a frane

i n conmuni cation si naLs se and ide atlons a.mohi.l e,
cel lul ar tel EPRBHER 9s%€nW88ﬁ§i& n2g§be %r%@?ﬁ?ﬁé FdSG, nor e
dat a sequenceBhidni pbsitieon is then used as the reference 901nt for'
U demodulating the s1gnal '
According to a first aspect of the present
invention, there is provided a method of time

_ synchronlzlng and demodulating a recelved data 51gna1

15 comprising the steps of:

' prov1d1ng two or more data sequences whlch are '_
known to a receiver for each set of data flelds to be
demodulated _ _ _

calculating a tlmlng recovery functlon for each of
20 two or more of said data sequences;
finding, based on the. plurallty of timing - recovery
functions, one or more sampling points; and
demodulatlng each set of data fields of said
o received data signal using the resulting one or more
25 sampling points as a reference for the demodulating
position.
According to a second aspect of the present
invention, there is provided a method of time
synchronizing and demodulating a received time slot
30 within a frame in communication signals between base
and mobile stations in a mobile, cellular telephone
system comprising the steps of: "
providing two or more data sequences whlch are
. known to a receiver for each time 'slot to be _
35 synchronized, wherein at least one of said data
sequences is a synchronization sequence having good .



known to a receiver for each tine slot to be 35 synchronlzed wher ei n at _
| east one of said data sequences is a synchronization sequence hav1ng good
3 correlation properties and at | east one of said data sequences is a-*
control sequence which does not have good correlation properties; 5 o,
calculating a timng recovery functipn for each of two or nore of sayd dat a
sequences; and denndulating each ti slot of 'said comuni cation signal

~using OrE‘onei@tfoﬁ 8 tE!anaﬁdd%ﬁ:' wsaéﬁ Yhe E LEln@akacovery
ccC of

functi ons. to a third aspect e present invention,

t here |ss?ﬁ{‘b%’il‘a%§ h%?s?@ﬁ??@@ F?%‘EW&M rtl%eﬁnﬁ°8eﬁééf§| ating received

data si gpsdé ¢@rgelaﬁgoﬂ|pr§pggtagbtlpIe access- systen]mhereln each tine
sl ot of a recei

Y I gpal ,i-ncludes twofo 1‘7:%1 noLe. know ta -
sequénces,  sortlSYLRENRECRRFLELRE: TheRTe o A ThPR: G, SRER Blch of two
or nore toiioscardndmevmfdaaadsdqtansequeaqemdamim ned functlon “and one or
nore sanplin d S p teJ. f 20 :
means for gd%%&‘%lfiﬁgﬁg ﬁgppngigﬁo%ig? sai (frhelg%e#%‘hhégéa S|gn using . -
one or m@ol whing aonei 9y porat SampRipg m?rDquWYFdTﬁEODRAW NGS These

and ot hegs { £af 4 esg aggcggigagt ggﬁétggnghe 25 present invention will becone
appar ent fron1read|ng : ng detalledéﬂ}scrl tion in conjunction

wit % he drav@?@rd?-ﬂgmh?cﬁ th?-ﬁgr speskofd £h8 P Feﬁ:ama format in a
transni tieebrst Doh| théed is precedeadal symﬁm o e dfle Wi'th- the lnventlon

Flgure 2§A'ﬁ§%£f%fﬁgaa3§“ e%odufagang recelved data” 91gna1s 1n _
a time d1v1s1on multlple access system whereln each o N
time slot. of a recelved data signal- 1ncludes two or - | )

15 more known. data sequences, said system comprlsing..
means for calculatlng, for each of" two" or more of
said known data sequences,.a predetermlned functlon, o
and one or more sampllng p01nts based on sa1d
predeterminéd functions; and o ' "'_
20 means for demodulating each time slot of sald o

received data 51gnal us1ng one or more of the sampllng

These and other features and advantages of the _

25 present 1nvent1on w1ll become apparent from reading the : o
following detailed descrlptlon in conjunctlon w1th the '
drawings, in which: o S

Flgure 1 shows a typlcal frame format in a_r'ﬁ
transmltted s1gna1 whlch is processed in- accordance

30 with the 1nventlon. a ' ' e

Flgure 2 111ustrates a general format of a tlme
slot within a ‘frame. ' o B ' -
Figure 3 shows a detalled slot format of a typlcal
signal transmltted from a moblle statlon to a base o
35 station. ' ' ' ' - T



slot wthin a frane.'Figure 3 shows a detailed slot format of a typical -
signdal transmitted froma nobile station to a base 35 station-. ~ Figure
4 shows a detailed slot format of a typical signal transmtted froma base
statjon to a nobile station. Figure 5 is a block.diagramof a correlation 5
circuit @gcording to the invention. Figure 6 is a block diagramof a
circuit for generating a channel inpulse response estimate according to the
invention. Figure 7 is a block diagram of yganother 0 - - enbodi nent of a
circuit for generating a channel inpulse response estimate. Figure 8 is a
bl ock di agram of ti nmi n§icare d showsuatdeteddeidnglat tfermatzeafi an. Figure

9 illustrat t o
recovery fumgngﬂzggbg%gblt\#éﬁ%%ﬁérﬁgs&%ﬁgﬁ ﬁéﬁl il% H?Qn%zERRED
EMBODI MENTS #olite statiom.rates a typical frame within a transmitted
signal according to thejisestsandard hisoéﬂ Qlagram of ¥ NEdrrefhthengh this

standard has peen,sel ectéd . to |IIustrate ﬁgratlon of the invention,

t Bose skil | fA¥Fuikeagrerading ta Jdhe z%nYﬁﬁFlP ti me synchroni zi ng met hod

di scl osed herein may bgigople &l il adawo&kaaiagtraad of aryitenivt for
Accordingly,_eac ses_six_slots. whigh |nclugﬁ .data

froma mlﬂfﬁ???rﬁ%lgggﬁaFQQHQﬁ%ﬂﬁWégiF%yraﬁPPQFShPﬁﬁﬁﬂ? es?%?? &g,

transmtted to thel inwkntioaf. di fferent nobile stations fromthe base
Spaced time sl ot's of  RASPERT @“Wﬁ%ﬁeﬁéﬁ%ﬂ"‘%féﬁ@% o thesa Tl e
sPot s i ncl urmbeodimentchfi & c1rcu1t for generatlng a channel 1mpulse
‘s response estimate. '
' Figure 8 is a block diagram of tlming recovery
c1rcu1t according to the inventlon. _
‘Figure 9 illustrates an embodlment whereln a
5 plurality of timing recovery functions are_oomblned.

ETATLED DESCRIPTION OF THE PREFERRED Eunon:um&'r .

Flgure 1 111ustrates a typical frame w1th1n a
_ transmitted signal accordlng to the TIA standard IS-54 '
0 format. Although this standard has been selected to
illustrate the operation of the inventlon, those skilled
in the art will recognize that the time synchronlzlng
method disclosed herein may be applled to data
_ transmitted in any format. Accordingly, each frame
5 comprises six slots whlch 1nclude data from a plurallty
of signals transmitted by dlfferent mobile stations or
transmitted to a plurality of dlfferent mobile stations
from the base statlon._ Each full rate traffic channel
uses the data fields in two equally spaced t1me slots of
J the frame (e g., 1&4, 2&5,-or 3&6) .

Each of these time slots include data whlch is
known to the receiver prlor to the receptlon of the
transmitted 51gnal and data whlch is unknown. This

] characterlstlc 1s dlagrammatloally 1llustrated in Figure
3 2. The format of a time slot varies dependlng on whether._
| T it is transmltted by the base statlon or. by a mobile '



known to the receiver prior- to the reception of-the transmtted signal and *

dat'a which is unknown. ~“This characteristic is dragrammatically illustrafed
in Figure 2° The format of a time slot varies depending on whether it is
transmtted by the base station or by a nobile station. Each of_these

specific formats is described below with respect to Figures 3 and 45NWth
reference to Figure 3, the tinme slot format of a signal transmtted by a
nobil e station will 5 : now be ~described. The six bit G and Rfields

- represenf, rd a we, u a e Gfield
reBreseﬁt u.ao ?ﬁ‘%ﬁe %s@gg?% s%%ar gE'E #‘%ma&essggr% %%éaé/n Jﬁ?é‘?l on bur st
fron1th@q@aunwnnhtrespcmtstoan@uses andndhé R field represents a ranp

‘time necessary to \ e ra t hree DATA

Wil rELIURLE %8 Figd&.-e 51, aRYY W Ge

fields hold the channel ata suc ol ce |nfornat|on T e SYNCfield is

a 28 bi format ofora Signat atee@e@h‘éee%byhaha\ebdé@ shakion wihdve good

correl aipoR Ho %&fﬂ&e@nd TR é?fxuﬁiéé Gf theRafﬂiélds rréyf@eént
synchronl zat i on qua i zer tral nl n

g slot ent i ation. . The Sl ow :
Asoci aGERTS, “up e Lo EVa1E,  rEERERE AT L) TBE Gy ansm ssi on
of cont rﬁiJeland:e:pmentecm msages:nbeuseantbheemdee st i on and ]Ehel .
system _ _Las the Coded Di f I e S
used top&'eﬁﬂgﬁyﬁ’ﬁpﬁ%s%h?? e%%% %/?IH(I:I c %%vg'% t%%f xé Cé: annel s.
The basbustsdt, @ndjmaﬁﬁlgmnyenrésentﬁt af TR tm n¢naesearyhe nobi-| e
stationg r S fr r t he SYNC, .
stationgep E&uy%@es% 4802418 tSRAMR 1 kR JUnG & th ke 'SAFA

SACCH, unction. In the “sane way as the simlarly-

| abel | efiglidg dolbdehe rhanpel datpecsurh psg¥odos 1”#R¥W§%%°§Pots setwd b
the basehd TNy Fiendiid g ebibefﬂeaadcaa&aameirg rABedgiehcl ds which

are nece sar hastheen C oélﬁtéotﬂ232”&££8dcorre zilog)prgpertles
and may . be used, for example, 1n symbol synchronlzatlon,
equalizer tralnlng and slot 1dent1f1catlon. The Slow
Assoclated Control Channel (SACCH) 1s a signalllng
channel for transm1s51on of control and supervis;on"
messages between the moblle statlon and the system.
Lastly, the cOded D1gita1 Verlflcatlon COlor COde (cpvee).
fleld is used to distlngulsh the current traffic channel
from trafflc co-channels. '

' o The base statlon uses a sllghtly dlfferent
format than that of the moblle statlon for transmlttlng : L e
slgnals, as shown in Flgure 4. Thereln, the SYNC, SACCH,
DATA, - and CDVCC fzelds functlon in the same way as the

's1mllarly labelled flelds descrlbed with respect to
Flcure 3. The tlme slots sent by the base statlon do not
requlre the guard and power ramp up flelds whlch are
necessary 1n the tlme slots transmltted in bursts by ‘the
moblle statlons, “thus these flelds are omltted and a 12
bit space, RSVD, has been reserved 1n each slot for

) future use. . T T . -

" As mentioned, above, one of the purpeses of the
SYNC field in. each tlme slot 1s to tlme synchronlze each
slot" .and obtaln the optlmal sampllng p01nt as a reference_
prior to demodulation._ Thls is typlcally done by .
'correlatlng the recelved s1gna1 w1th the known SYNC fleld.



mobi |l e stations, thus these fields are omtted and a 12 bit space, RSVD,
has been reserved in each slrot for future use. - As nentioned above,
one of the purposes of the SYNC field in each tine slot is to tine
synchroni ze each slot and obtain the optimal sanpling point as a
reference _priorto denodul ati on: This is typically:-done by correlating
the received signal with the known SYNC fi el d. 6 and using the peak of
the correlation function as an opti mal sanbling point. Wth the tine

synchroni zati on. net hod and appar atus_accordi ng .to the invention, however,
the i nproved amst skng Eﬂﬁmﬂﬁ%ﬁl9§tFBﬁ FREredatiqn turckion as’ any gne’ or

nore additi Othmu kﬁ@i\ﬁtdat Aithples tid®rsgnenpba i zaitilon espect
to the S|gna tra <ied fro t he_base .station to a, e _sta

hddi ¢ ona 2hidaRR5EAIRG, e Uitk SV ehEFpBy o bekeY A
follow ng t|Mheﬂmnpnuved 1Méthod of syachrertilzatddCGnckides thesigel s

transmtted t t e CDVCC

fi %I d may . be%\dé's ‘%‘ rgztb%%%ﬁagﬁg?ag%o%%ﬁgﬁ%%?ﬁ%?%?ﬁﬂ é?fﬁ fields of
adj acent s|osymhoisqwmﬂnwtexamm@eatwathnwsspsq#eﬁqcﬁhs signal '

The CDVCC Ti @lythn Lﬁﬁ?@ﬂanneﬁg Vﬁas&a§t3rt'1@ﬂqaﬂd Ya %Gﬂiﬂédstat@oﬂ i'ngui sh

bet ween current tra fIC and traffic co-channels. As |scussed in

more detail fHhe@ddifiionakilgewn datapgegiengs camdee othe herein
i ncor por at ed sl%dt&f&{ﬁmoﬂ hﬁépacsréﬂ the foldWwing Ogtma! lsgaw: blielbﬁse

whi ch h
B 1o stat | GRS SPYr S1efar notBomigals %eﬂ%ﬁeg obi | ¢
st at f.on mh|chdhimeﬂstaﬁiunsaMQ thelbasbasmetldﬁyennhpothancbyctbmnemd
pur poses of '&Sr MeLifla %= the aahf¥eBhbI"kndin GAE H858uER" thRCRvNC™

sl ot is known
fields of: adjacent slots are transmitted by other moblle

stations. -
15 _ The CDVCC field, as discussed above, was
: originally provided to distinguish between current
traffic channels and traffic co-channels. As discussed
~ in more detail ‘in commonly assigned U.S. Patent No.
5,008,953, herein incorporated by reference, the voice
20 color code allows the base station which is responsibie
for a connection to distinguish between a mobile station
which is a party to the connection and an 1nterfer1ng
; mobile station which is using the same radio channel.
\fj More 1mportant1y for the purposes of the present o
15 invention, the CDVCC data for each time slot is known to
the receivers of both the mobile station and the base
station prior to decoding because it has already been
received in either a Traffic Channel Designation message
: or a Handoff message. ) '
10 Sample timing recovery is accompllshed by
bufferlng the received signal and calculatlng the
sampling pos1tion u51ng the two or more known data
:sequences.- First, a channel impulse response estlmate
_ for -each known seguence, S, is generated. “The 1mpulse
'55 : . .response. estlmates are then used to generate tlmlng _
-recovery functlons. If, for example at the recelver of
. the moblle statlons, the synchronlzatlon sequences of
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covec iBfgd FEGUSFE:
estinate because e tHe/Gedeivernaf the base gduwkimnm; chewever, -

the receivers of both the nobile station and the base station prior to
decodi ng because it has al ready been received in either a Traffic Channel
Desi gnati on nessage or a Handoff nessage. Sanple tim-ng recovery is

~acconpl i shed by buffering the received signal and cal cul ating the sanpling

position using the two or nore known data sequences. First, a changgl

I mpul se response estinmate for each kngwn sequence, S, is generated The

i mpul se 15 ' response estimates are then used to generate timng
recovery . functio , or_exanpl e at th elver f.the nobile
stationéd Fﬁ§n§y%&mﬁnﬁ%&5§dﬁres BERP85 YR AR ne slots are
chosen aequbachsqwmhkﬂcprmmﬂEMIen fuhetwmnsﬂqﬁlthesenctlons of these
synchr0ﬁ¥ﬁ?higg'gggfgh &éUégg ga_ ?g |g@pl Sg estimates from

whi ch t Irmng recovery Ions are errved. ‘A block
d|agranreﬁpanéﬁrﬁmﬁlmﬁﬁﬁﬁtiﬁg@ﬁ@haﬁb the @@M&ﬂ%ﬂﬂ%ﬁpveﬁitlon of a known

data segupeaohd arePAtiaif et 90als. | Sal blesl ditibitd FbsUseobradedi scussed

“in nmore detall belo In the receiver of the base station, haowever,

0
t he syﬁEﬁFGnl?aﬂﬁﬁ?qﬁﬁﬁ(FQﬁKF?E%@%?FF@Pde&S don Q% @ KNGWRi 8A5Ral  known

data segegieacesitica Q%&éﬂ@&%ﬁgﬂ&lsiecﬁuqmmmfmlEilgﬁreeaerat ed by
di f ferent b|Ie stgf .0ns t he correlation function of the

fﬁﬂTWﬁﬁeﬁ? ggélcﬁsip d *achi eve an' ‘i'mpul se response
char act gpLSL ﬁ%hrgy%ﬁ%ﬁ{&?%féf@ éﬁddéﬁ%bb%gegltrae%ﬂgﬁé‘% | Qe LA Figure

6, bel ow. -Frgure rates-a transversa
correl a@@@ﬁtﬁ-eﬁéﬂ-l smayay datp Sedgdences siges eadh (IRCReBSAVEat a synboW

W thin si?ﬁbhibﬁ'ﬁ:'atio?ﬁ ﬂ@i@'f@%éﬁ@i‘&teﬁhb? aﬂfﬁ@éﬁerhéyﬂzél on is one
of the f“”%&b%%? Qﬂn@/césg?eghe correlngion function of the
covce field requires further process1ng to achieve an
impulse response estimate because the cnvcc field may not
have good correlation characteristics.: This process1ng
-1s described in conjunction with. Figure 6, below.«--g~
_ - Figure 5 illustrates a transversal filter 5
used to generate'the correlation function betWeen a
received s1gnal and the known data symbols within that .
s1gnal. As explained above, this correlation function is
one of the functions which may be used as the impulse :
_response estimate in generating a timing recovery
- function. In this c1rcuit, the complex conjugate of the .
_received 51gnal is applied to the input 10. . The complex:
conjugate ‘may be represented by the formula y*(n <+ u(k+L-=
. 1)). where' ' _ _ -
. The number of samples per symbol perlod,
The number of known data symbols used in
the correlation; and

k = The index of the first known symbol 1n the
- correlation. :

‘Each symbol is multiplied with the complex valued
repreSentation of the known data symbol, these terms are
summed and the result is-divided by the total number of -
known - data symbols used in ‘the correlation. Accordlngly;
each of the blocks 11 comprise u delay elements having a
total delay of one symbol period.__After_each_delay.tne

Used to generate the



response estinmate in generating a timng recovery function. In this
circuit, the conplex conjugate of the received signal is applied to the

i nput 10. The conpl ex conjugate nay be represented by the fornmula y*(n +
u(k+L- 1)) where: u = The nunmber of sanples per synbol period; L = The
number of__known data synbols wsed in the correl ation; and k The i ndex of
the first known synbol in the correlation. Fach synbol Is multiplied with

t he conpl ex val ued representatlon of the kawn data synbol, these terns are

sunmed and the resu I s-di vided by the, total nber . of kno synbol s
used in the 5&9P@ﬁaﬁ¥ﬂ? iﬁkﬁﬁﬁEﬁag? Q LeR EPqﬁifﬁﬂ?ﬁﬁ%uqi ﬁoﬂ% g

del ay eIenentecbmmea;signaxulﬁehuytﬂplﬁed wwﬂhﬂthewapptopfdaEe each

del ay the S| t t h

recei ved S|gﬁg éﬁgﬁgﬁ%x?ﬂglégprop e po #%ﬁ %f %ﬁ% %SO“FEX
val ued repredamaaﬁmmbaﬁ,tﬂneﬁhmmmcdaeaosymgﬁ the1symehres@zeheoof the
sygchroni zal baguance symbRNIECeIUAPEES cnd RABLOL dfis1 £RTBEEX 12,

anplifiers IS re to each of the previous results and the

total is di vibde &FSH%?riﬁﬂﬁﬂd%ﬁ &9nearh EfU§Qf|9FQY&P%%rF§FH¥F§naP§

arrive at thereOkigtlad! i) dMAEde@ by (the Ehhbeﬁ@f)rs&rﬁﬂalg nnﬁseabeeln ment
of the 10 _ i nvent.i,on, each of thetkggé? e ces. of cent tine

slots woul d Egepﬁﬁ£§§%§§¥qptqﬂs?¥€§ﬁ?oﬁ ?ﬁlﬁ%n%?ﬂ%gﬁﬁnan
i mpul se respeiey esmemmm#Woaeqeﬂmln&ntsoShtue in Figure 6.

a0 r3Rehnach, Mo B ARE Ckpblh e P %qdTacent 518k .

i f nQdequaI|séptﬁswpmmd(hajprocésseécenv&hlsﬂﬁashmﬁnw of taps woul d then

be n=l and only one i 3Py A5 PRIS CgEALEIR L UP A1 s& ChekpBhse VUl d
estimate using a known ‘sequence, S, is shown in Flgure 6.
By way of example, in this embodiment the number of taps

15 of- an equalizer in the recelver has been selected to be
n=2. Note, however, that if rio ‘equalizer 1s prov1ded in
the receiver, the number of taps would then be n=1 and
only one impulse response estimate'component,l%(n), would

_ ‘be generated. In Flgure 6, the complex conjugate of’ the

10 received signal, y*(n + u(k+L~l)), 1s input at 30. The )
complex conjugate is then correlated at blocks 32, each ;
of which represent a correlator as dlscussed above and |

; 111ustrated in Figure 5. '
~ ‘The correlatlon of the known sequence, S is

15 then multiplied with the complex conjugate of the 1nverse
auto correlation matrix of the known sequence, s,_by the
complex amplifiers'and adders generally'indicated at 34.
In this example, the complex conjugate of the inverse
auto correlation matrlx of the known sequence, S, is

-0 represented by the matrlx"
a a
5 a = | 1" 12
: | 3 22 ___I
_ o . " At ampllfler 36 the approprlate coefficient of the

‘correlatéd functlon is multlplled by coefflclent a11 and -
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be gener at ed. IniFigure 6, the conpl ex conjugate of the 20 recelved
signal, y*(n + u(k+L-1)), is input at 30. The conpl ex conjugate is then
correlated at blocks 32, each of which represent a correlator as discussed

above and illustrated in Figure 5. The correlation of the known sequence,,

S, is 25 then multiplied wth the conpl ex conjugate of the imgerse
auto correlation matrix of the known &equence, S, by the conplex anplifiers

~and adders. generally indicated at 34. In this exanple, the conpl ex

conj ugahe @laddie 44'VEs SAuE®. GOEK CtRET pRolRIGH @ﬁd&e@dkaem sequtence S,
priate

is represented by :the matri Lifier t he
coef f PcPé‘ﬁ’tl:‘tf‘flec%é"%cﬂ# e"'}%ﬁ’ébe* uﬂ%%fﬁhci”ggﬁuﬂq pﬁq%oc%’;?r%igg? cient [err]’
and a'hn@:tdern 4/itls cosmELciént ajje psdsiidiaxipduthd produptsf i | er 38 of

S I'ar Py S %rao%ﬁ%ﬁpfm%%rﬁﬂa%%%?”&%?%%%??%ﬁé?é fted &

adder 4®he5 result for a exmdejvénrhavingepywchdamegualbzenp égual i zer,

: I[Zr:]h(en) mu@dlﬁ%oqﬁ‘gﬁ%n@%ﬁ%éﬁ)eh?ﬁzlegggqg{ﬁj%%ﬁt|on° brix of

t he kno#fds8g{Bhee, T ge prdFilpdd cakd ampti e FRepéRYETYES @R when the
known sggueeqetdess m&ﬂrmV@fm B6we! séqaanwé)ps,t | ®Bovi@es NthBe case of

t he CDVCC s ence. Alternat) vel ift own_seguence ha ood
correl atPBH i%ﬁbﬁﬁﬁﬁ?ﬁ?? é%lm%ﬁg;ﬂH%Pc PFeR&P ?Qp?Hé?g%quals or
apprOXIﬁatemawhegdﬁﬂncdnremﬁtion prépebties, as<mncnhe cas&igire 7 can be,
used to | se response estimate. For exanpl e, thIS circuit
| §880 BT mhemdthtt oy

can. be W' sequence is a synchronlzatlon field.: In Fig
7, the conpl ex codlfparatively, r:e%etlwedkaognalseglenqmthos good Bl ock 42

fepfeseab§rbﬁsﬁ%aﬂ“%fﬂﬁgré¥es (i.e., an auto correlation matrix
that equals or approximates the 1den 1ty matrix), the. .
circuit of Figure 7 can be used to generate the 1mpulse
'response estimate. For example, this circuit can be used
when the known sequence is a synchronization field. In -
Figure 7, the complex conjugate of the received s1gna1 is
input at 40._ Block 42 represents the correlator of )
Figure 5 where ‘the correlation function of the . 51gna1 is.
derlved.y The impulse response estimate, h(n), comprises
a first component, h uu,_wherein the correlation function
of the known sequence ‘is delayed by one symbol period at - -
the delay element 43 and a second comoonent h,Uﬂ, which \J
1s an undelayed verSion of the correlation function._ '

- A timing recovery function, f(n), 1s then

generated from the impulse response estimate as .
illustrated in Figure 8.. The two components of the |
1mpulse response estimate, ho(n) and,h (n), are 1nput at
50 and 52, respectively. Each of these components is
squared at blocks 54 and summed at adder 56., Next the
sum is normalized at amplifier 58 by multiplying the sum



Fi.gufe 5 where the correlation function of the signal. is derived. The
| mpul-se response estimate, h(n), conprises a first conponent, [erf]n),
wherein the correlation function of the known sequence is del ayed by one

synb

0

period at the delay elenent 43 and a second conponent, [err](n),

whi ch is, an undel ayed version of the correlation function. A timng
recovery tunction, f(n), is then generated fromthe inpul se response
estimate as. illustrated in Figure 8. The koo conponents of the inpulse
response estimate, [err](n) and [err] (n), are input at 50 and.52,
respectivel y. b¥E mmornahigationpyadies il Kquavbeargt Komd¥ks £0F and sunmmed
at adder 56. ox¥iglrefesumis nornalized at anplifier 58 by nultiplying
the sum-  Jo - Dby a normalization valug, 1/ K, mhereé?lgay, for exanpl e,
t .

be: [err] 5 ][err] where W an approp®

Yo A4 This

normal i zation allows the resultant timewy recovery function f(n) to be
cogbined with other similar.. fynctions. Another way of generating a timng
retovery function is to cal cul al’e the accunul ated squared error 15

signal resulting froman equalizer run3 dlgMa)ﬂ?aining or reference
directed node. This procedure is rep d for different positions, n, and
thus a timng recovery function is formed. A value of n which mnimzes
this timng recovery function is chosen &herR WafpRnngPpsrrriake

Al ternativel Yp3ndbowonbi nation of simlar timng recovery functions can be

derived fron1e%9alizer traini,ng over a pLuraIiH¥ of known,sequences and the
p&Qition n t fRis normalization allows the resultant timing recovery _

15

20

25

30

15

N’

function £(n) to be combined with other similar.. -
functions. ' o | ' .
Another way of generating a timing recbvery 

function is to calculate the accumulated squared error
signal resulting from an equalizer run in the training Qr
reference directed mode. This procedure is'repeated for
different positions, n, and thus a timing recovery- |
function is formed. A value of n which minimizes this
timing recovery function is choseh as the sampliﬂg point.
Alternatively, a combination of similar timiﬁg recoﬁetj
functions can be derived from équalizér trainihg over a
plurality of known sequences and the position n that
minimizes the composite function is selected as the

. sampling point. | ' _ _

One of the advantages of using two or more
known data patterns in symbol sYnchroniéatibn'is that
even though time shifting may occur even within each
slot, a plurality of timing recovery functibﬁs are
generated for various time'pOSitidQS”within'éach slot_ip_
order to correct for this shifting. Accordingly,
demodulation may be performed, for exéﬁpie,'basediqn_a_
combination (e.g.flinéar_combinatioh) 6fftpé plurality of
timing recovery-funqtichs'whiChIgenéféte'a;sihgle B
sampling Qoiht. Figure 9 illustrates Sugh;a-'¢pmbination'
where thiree timing recovery fuhctiqné-ate.uséqhtq.- B
generate a combined timiné':ecbvery'fﬁpCtiép, f“t@n.“-Of
course the number Qfltiﬁingprécovery fuﬁ@fioﬁs Q;ll'_  _



, i ion i the sanpling point. 25 _

o osite function is selected as t : _ o
Ekglg}zsﬁetggv;gggges of using two or nore known data ggzbfrgiehnmf¥ﬂPn

nchroni zation is that even though time shifting may geeur even wtf

sy.h slot, a plurality of timng recovery functions ar gCt rated for

ngious tine positions within each sl ot IB 0L2$¥0ﬁﬁﬁgor¥gr exanm! & (o
P fti rdi ngly, genndulatlop_ e , . e

"'iglgtéggbingffgn (eggY:'Iinear conblng§¥on)_of the plurality of timng

r ecover y chuneispuisd %Q%f?gfs kﬁ%lw%sﬁ?@géﬁgﬁggégém ﬁgll %ﬁ;gvgr y..
Bt R G it St
' {gp?] I(n)thf&ecou@sehm mﬁmﬁrnﬁhggg‘uggggge%gné%ﬁéj% L-%:Ehr oni zat i on
._CQFrespOQQaB%%EP%ﬂ%ﬂﬂ%ﬂﬁ}%ﬁﬂigéhggcgﬁggg,funﬁﬁiunSW§EHI¢bﬁ$&§ﬂe&'ther
~ Pprocess an y be Two™0 gl N ng_are generat ed
| naxinize§?°p0p°5xg¢9m@9ﬂ“ﬂuﬁdta¢n§)ngrrﬁsggﬁﬁéfﬁﬁpﬁ%haﬁ?ﬁnﬁﬁﬁgt|nmng-
from corwibat taa E&ﬁ‘i&-{gpfi%co‘%;egg‘y]?-;ﬂ‘qgﬁéﬁ’a‘aﬁi' 2T gensratedifmms, the
~ recovery_functions are“géener at ¢ TOM Ty Known |
“conbi neaeW?ffﬁﬁeFeem@ﬁy fetiians d e“‘?f‘e‘d°f3f’ﬂ-?hamﬁ‘#g1§% }I}vée Y, ~demodul ati o
_sequence&mét:ibﬁndé?ﬂ%ad_?ﬁogﬂpén %ﬁﬁﬁ*fﬁ sQhpkPRYTp SRAenees Vil from |
e T R 5 it e o o v o
different Tint| ey - . yl ation position within the
1S otas s St Lo Lberpor iy Tt o e L EREH I Pehbazingmest ol ural ity
ot e R oo he bak el sneiici et aswivecperan sarpi 1o
b 11, B et coonsey ety Seobioied b fichscr
garrpl | ngonYiekpeR g me%c&gegnseaﬁ%n%%@is9.€1§s35t to the -

' cu:rent'démédﬁlaticn_é@ﬁitéen”ﬁithiﬁ'the.tim slot. a
stili fut£hé:-ﬁ§y fcgimb:ove.demodulatibnfusing the ..
plurality of timing recovery ‘functions to generate a
éiuf&ii£§ §ﬁf6ptiﬁaifsémélinq_pginté;-isfﬁpfpérférm a
separate demodulation of each slot for each sampling
poiﬁtfand to then ctombine the'demodulatéd-data_accOrding;
to some criterion, such as the. least sum of squared __
eriéféigéneﬁated during equali?er;ﬁﬁaining br the path
metriés_if;a Viterbi detector is used. -

o _-As seen f:oh #he:foregcing{desc:ipticn,,the g -
pteseht ihvéntion'providés imptoVedftimé~5yﬁchr9nization_ "/
of Sigﬁals by”using.more'than'éne kﬁ#wn¢datéjpattern to
gehe?éﬁé'a_p;ﬁrality_éfggiming.recoiéryhfﬁnctions;' These
tiﬁin§ reé¢véry_fuhctidnsfarefthén used. to find one or .
more reference Samplihg boints_toidemodﬁiate-thé.received
signal._ Anéthgr.iﬁ?o:taht'éséect_éf_the'in?entibn_is
that ﬁﬁé improvemeht 6ﬁjtiﬁg_synéh;qhizatibp does not
come at thefexpen$e of3iﬁg;eaéed,ﬁr;psﬁiésionfqvgrpead.'
_Sincé;ﬁhé tiﬁe_éYnchréhization'methbd_égcérding to the.

':iﬁvenﬁi6n°isgpé:fdrmed ﬁsiﬁg;data“péttérﬁsﬂalfegdy___

-présént in each time §1og,_sugh_§S.thg1CPVC¢ field and
.fbildﬁiﬁg’slot's'sjpéhroniiétién_fie;&,1QQﬁadditidhal'._
sthhrbnizatipn:wq:ds grgladded._-To add,sucthurth§r-_
synChrohigafion-wdrds ypﬁld:réaﬁcésthé gatibgof_daﬁa bits

ed



to-some criterion,” such as the | east sumof squared errors generated during
equal i zer training or the path nmetrics if a Viterbi detector is used. As
seen fromthe foregoing description, the present invention provides
inprqoved tinme synchroni zation of signals by using nore than one known data
pattern tigrgenerate a Plurality of timng recovery functions. These timng
recovery functions are then used to find one or nore reference sanpling
points to denodul ate the received signal. JLAnot her inportant aspect of the
invention is that the inprovenment of time synchronization does not cone at
t he expense tof n'mmadatadbtnﬁasniié:sﬁmeovaﬁdleﬁdpasrntrakimﬂdsmon

synchroni zatéf) % according to the invention is perfornmed using data
patterns alre fd%/gﬁ 85€nt in each tine slot, such as the CDVCC field and
foll owi ng sl ot s synchXZtnwidili be fapﬂnt,cmgﬂoﬁwl thabes gkillrled zimi thewor ds
are added. u t r redusenbipe

rati o- of dzﬁ a‘E ‘Eﬁfzﬁye@%:féﬁwﬂ&? %%inrg%ng awgie%paﬁg &k

t BPansni ssi or$R¢¢i£i€n€9th Wthblﬁed@mmﬁrm‘eﬁr@? these skilled in the art

that the presafdntyen ggae%@ﬁb%n@m ed Tﬁle%Pééeﬁtly discrpsssfic

forms without departing fromthe essential character tpéreof. The presently
FRRAAER

di scl osed efRRPIEREELE axentherefore canhdered in| allésﬁ'&ﬁléecf*os bEe
illustrati V%é‘@hm&tf&'éiﬁrbchhueno'EhQ'e%&{véhe THeCBEOPR iGf i tidecat ed

by the appended clains, rathrtha he r egoi-ng,des t|o
changes whi Bﬁ’ VRPN &Fn P ﬁ"da r%‘?%%g%?geﬁg I:Ftastq”ﬁ?éré lare
i bt ended t othee @dm:agedinghdescm-:.ptlon, and all changes wh:.ch come
— Wwithin the meaning and range of equlvalents thereof are
intended to be embraced there:.n. ' '
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CLAIMB: 1. A method of time-synchroni zing and denDduIating‘S' a

“recei'ved data signal conprising the steps of: providing two or nore data’

sequences which are known to a receiver for each set of data fields to be

~ -denpdul ated; calculating a timng recovery function for each 10 - of
~two or nore of said data. sequences; finding, based on the pluralitysgf

timng recovery functions, one or nore sanpling p0|nts and denodul ati ng
each set of data fields of said recei viyl data signal -using the resulting
one or nore sanpling points as a reference for the denodul ati ng posttion.

2. The nmethod of time synchronizing of claiml wherein said two or nore
data segwarsgs i ncl ude one or nore synchronization sequences- having good

correlation properties and one or nore sequences whi ch do not have good
correlation properties. 3. 'The nethod of time synchronizing of claiml
wher ei n sai d if.wo 20 metthoal dat a:iamusynehrwiqzmngeanm demodukating -

synchr ogi C Vi n lies. 4. The nethod
of ti megs?;nc (rg‘?)’m%g:ar%g&o c{}?ai %@\ﬁgg%?#’ial % W0 ° or%er#bre dat a “sequences
include a first spnswislinattwe exgquenecdsta; fem@nasgs gthichiates which -
is currgRbly kY ag :%a%;atf& aégcﬁ SEE0RE. R FigAE®peequence of a
subsequent ~set of data . fields . The nethod of tinme synchronizing of
cIa|n11dﬁHQP§#ﬁt§§vd step of denDduIatlng further conprises the steps of:

'dlet erlm ni ngfa Si N@a RABYINY HOLNRIiNGI ﬂ@c@véry functlcd}fftfdlate@@hOf sai d
pl ura |t¥ %

timng_ recover
WO or ﬁ%re of sQ&d data sequences.

flndlng, based on the plurallty of tlmlng o \o/
recovery functlons, one or more sampling p01nts, and
_ demodulatlnq each set of data fields of sald
recelved data 51gna1 using the resultlng one oOr more
sampllng points as a reference for the demodulatlng
_ p051tlon.

:2. 'The:method of time synchronizing of claim 1
wherein said two or more data sequences include one or
'more synchronizatlcn sequences havxng good correlation
propertles and one or more sequences which do not have -
good correlatlon properties. S

3. Theé method of time'synchroniZing of claim 1
wherein said two or more data sequences comprise two or
'_more synchronlzatlon sequences hav1ng good correlation
propertles.

4. The method of time synchronlzing of clalm 1
whereln said two or more data sequences 1nc1ude a first
synchronization sequence of the set of data fields which

'~ - is curréntly being demodulated and a second
' synchronlzatlon sequence of a subsequent set of data
‘fields.

L



functions; and using said single sanpling point as a reference point for
‘denmodul ating the set of data fields. 10 6. The nethod of tine
synchroni zing of claim5 wherein said conbination is a |inear conbination.
7. The method of tine synchronizing of claim1l wherein said step of
denﬁdulaijng further conprises the 15 steps of: choosi ng one of
said one~or nore sanpling points which was cal cul ated froma known data
sequence closest to a current denmpdul ati ogiposition within the set of data
fields; using the chosen sanmpling point as a reference point for
denodul ati ng the $st dfhelamethod| df timehsyoghremizdaiedef aclaimpdsition
'ncr?nﬁnt'ngdﬂ&%é%ﬁréﬁﬁdFE%@Q”&?F&QHOBQiA%Eﬂ&?ﬁ%%%hé% comprises the
continuously repeati ng said choosing, using and increnmenting steps for each
denpdul ati onS¥&Ps P within the set of data fields. 8. The nethod of tine

synchroni zation .of claigetemhbhihd &akinglepsampddind gaintgustingher
coppri ses the steps .of : depodul atl sai d se f. data fields_once for each
ofggaid one Epﬁhiq?ﬁﬁﬂﬂﬂ?#E%T&@ﬁ?gargi&ﬁytP%egﬁﬁﬁﬂfa¥%ﬁ?¥%¥¥nt one of
sai d one or wanetdongi rgndoints as a 5 ~ reference for denodul ating
said set of data fields; I D a| LLys af - dul,
signal s based on a- préﬁ%ﬁggﬁ%%gg %?ﬁg%éi%%?BFHT%QT%%iﬁﬁf%§2§1¥%§%?%fff
9. The net hopodntt ifor dewddwlatingobhef setaph GakiRefdigelddi d pr edet er ni ned
criterion is a |least sumof squared errors. 5 . 10. A nethod of
time synchroni zi ng and denndulating ) . . L
10 6. The method of time synchronizing of claim 5

. wherein said. combination is a linear combination.

7. - The method of time'synchrohizing=of claim 1
wherein said step of demodulating further comprises the
15 steps of: | |
' ' choosing one of said one or more sampling
points which was calculated from a known data sequence
closest to a current demodulation position within the set
of data fields; o - S
10 using the chosen sampling;point'as a referenée
' point for demodulating the set of data fields at the
current demodulation position; ' ' '
incrementing the current demodulation position:

and _

5 . continuously repeating said choosing, usiﬁg and
incrementing steps for each demodulation position within
the set of data fields. '

8. The method of time synchronization of claim 1

0 wherein said step of demodulating further comprises the
steps of: ' ' - '
demodulating said set of data fields once for
each of said one or more sampling points, each time uéing
Ta different one of said one or more sampling points as a
5 reference for demodulating said set of data fields; and
. combining said plurality of demodulated signals

" based on a’ predetermined.criterion.

- . ] . - - 5 . ' ) . - " C L " S . i
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a received tinme slot within a frame in conmuni cation signals between base
and nobile stations in a nobile, cellular tel ephone system conprising the
steps of: providing two or nore data sequences which are known to a
‘receiver for each time slot to be synchronized, wherein at |east one.of
sai d data sequences is a synchronization sequence having good correhat i on
properties and at |east one of said daga sequences is a control sequence
whi ch does not have good correl ation operties; calculating a timng
“recovery function for each of two or nore of said data sequences; and

| denDduIatlngPeadﬁh?lﬁBtBPétoﬁfQ%ﬂ%iﬁﬁﬁﬁhﬁﬁ%b??ﬁh°§lQﬁaFlééﬂhQ one or nore

sanpl i RghdPe I SsalPd i YpPEGL LTINS e teri660YST ¥ fuAst 80k okl.  The
met hod of: thi %érchron|2|ng of claim 10 wherein said step of denodul ati ng
S

f ur t herSEHT Ph8-steps of: deternining a single sanpling point using a
conbi nation of said plurality of t|n1ng recovery functions; = and using said

I t f. _dat
oL 0, 20106, 55 S EEBASREC LIS o 0 ISHPENG B1E, HABGRR APt
conbi n& |mesvedltmrstohbm&hzan a f¥xamghbn neehsyndeatiion synchroni zi ng
of C'mé&{ﬁéf%fﬁé%&béﬁiﬁaééeﬁnﬁfd3ﬂ§¥g“é%ééﬁbﬁ§riﬂeé meBRASes the steps

S

00Si hg on ai'd one or . more sanpling points
mhlch\&ﬁ#%ﬁﬂ%ﬁﬂ%&%ﬁpk?6ﬁ1ﬁYE%@mﬁqgﬁRf%ﬁ%ﬂ%hEQecFE§E§t°¢b a current
~denodul ation posiprewidihadl twoher! mtrs|ddta §equences which are using the

chosen ;3R '8 P%8befied EELPLNP tine slot to be
synchronlzed,.whereln.at least. one of sald.datafsequences | s
is a synchronization sequence having'good'GOrrelation
properties and at least one of said data sequences is a
control . sequence whlch does not. have good correlation-
propertles, _ '
calculatlng a tlmlng recovery functlon for each
of two or more of: sald data sequences; and T '
| . demodulating each time slot of sald
communlcation signal using one or more- sampllng points

der;ved_from,seidﬁt;m;ngrrecovery functions.

1. The methed of time synchronlzing of ‘claim 10

wherein said step of . demodulatlng further comprlses the ';J
steps of‘*' - : _ '
' determlning a s;ngle sampllng p01nt using a
comblnatlon of sald plurallty -of tlmlng recovery .
functlons. and _ . i

using sald sampllng p01nt as a reference p01nt
for demodulatlng the'set of data fields. - '

12. The method of time synchron121ng of clalm 11
whereln sald comblnatlon 1s a llnear comblnatlon. :

13. The method of tlme synchron1z1ng of clalm 10
wherein sald step of demodulatlng further comprlses the
steps of~ ' ST

T . ) . ) * ¢c. L M S *



point for denpdulating the tine slot; incrementing the current denodul ation
posi tsi on; and conti nuously repeating said choosing, usihg and 10

i ncrenenting steps for each denodul ation position within the tine slot. 14.
The method of time synchronization of claim 10 wherein said step of
denndulaggng further conprises the 15 steps of: denodul ating said
time slot” once for each of said one or nnrﬁ sanpling points, each tine
using a different one of sai.d sanpling poi ?s as a reference point for
denodul ating said tine slot:§and 20 _° -, 7 conbini ai d

ol urality of demodul at CPeOHHRPsORSsE 5714 FARAPTECERPEA %N, 15.
The net hod opotints WHidH orag ataboudatelaifmold aienawm datd peephemnsyeni ned
criterion is | east ,sum o 5 Al By, s d of
time synchroﬁﬁﬂﬁﬁé§1§ﬁ %|éﬁ%¥ﬁﬁtmﬁ8F8F§i§§%§ﬁfﬁéé%f?%%oﬂé%@gPhnc lon is
derived frontdmeorsladtati on function for each of said known data 30 -

seguences. 17. The metloghofehd EnSKBANLAREATP HOIne! AEMal R etatictidy: sai d

predeterm ned function i's anh error signal -"generated during equalizer
traini ng for pedatt For depadulating theoldngaistatejuences. 18. A net hod

according to claiml, weseéhehBenli €hedches@t Yadnho@hiatibsn Boygiteiddy om
a correlation function for each of 'the data sequences. 19. A nethod

according_tOQHQainll,-wherein the 5 timng recovery functions are derived
froman inpul se responscogtinhvudiieliorepaaltioly tswidlathossingncasingd.and\

Sygtem for Ul G O 2L 08ps 2P8r 18 1RA AL T AEFN SPodition WA " @

W, the time slot.

14, _The'method of time synchronization'of claim 10
wherein said step of demodulating further comprises the
15 steps of: , _ _ _
_ _ demodulating said time slot once for each of
said one or more sampling points, each time using a
different one of said sampling points as a reference
_ point for demodulating said time slot; and
20 coﬁbining said plurality of demodulated signals
based on a predetermined criterion.

~ 15. The method of time synchronization of claim 14
wherein said predetermined criterion is a least sum of
25 squared errors. '

16. The method of time synchronization of claim 10
wherein said timing recovery function is derived from a .
correlation function for each of said known data
30 sequehces.

17. The method of timeﬁsynchroqi;Atién*of‘claim 1o
wherein -said predetermined fundtion‘is an error signal -
generated. during e@uaiizer training for each of'said

35 " known data sequences. LT . ' - :>'_ T

UL .



mul ti pl e access system wherein each time slot of a 10 . recelved dat a 5|gnaP-
i ncl udes two or nore known dafa sedquences , said system conprising: nmeans
for calculating, for each of two or nore of said known data sequence, a
.predeterm ned function, and one or nore sanpling points based on sai.d ¢
predeterm ned 15 functions; and nmeans_for denodul ating each tine shet of
said received data signal ‘using one offnore of the sanpling points. 21.

The system for, tine synchronizati n of - cIa m,20_ 20 wherein said two or
more known dat® seﬁhé%ﬁgg’ ﬁ%ﬁé“%}ncﬁhﬁﬁ%&ﬂ|§h?sequences

havi ng gedcitgr relcatviedty mxﬁnaficbreasrmbsﬂeedr fm&efaSWim}] ch do not
have goo The system-for-tine sync roni zation’
of clai mgyéglé}%hv\#g%glero?c?g (ftt'abe %%ﬁ)r%egg? c??(wences conprise two or

nmor e synchroniﬁatl@nma&hﬂdu&ncdndam@ @@odlammréhaMM@remnnﬁheles 23. The
Syst eg T f mli AP y3WAG/R0) 'ﬁﬁ{dﬁrbrfg £él g 28 &'ﬁek%ngxl 3 ng il for

denDduIatlng further 30 conprises: nmeans

ti ni ng-r EESPORPe eRtdmate o aaghiok %\héaﬁﬁFPnﬁeﬁ'@ﬁﬂceSand means for
using said sappling gg,lgttenaq& reefnes: egﬁecjﬁgbﬁy_zfj_ﬁg @e@pdul ating the tine

Sher e - SSPAGHIAHAnH, FERARIRA S TLFIRLS 18 Bolpmes G4V iRdaRs for
choosi ngmumelpﬂ.esajcd:esrse sYfs e evrﬂsu‘&ﬁn ngaehi ﬁﬁ.&eV\/eL'Ld& wis acal cul ated f rom
o P BSIRER B SO SR SR B
sequences, said system comprising: -
means for calculating, for each of two or more of v/ :
said known data sequence, a predetermined functlon, and o
one or more sampllng polnts based on sald predetermlned
is functlons, and ' ‘ i ' ' '
~ means for demodulatlng each time slot of sald o
received data s1gna1 using one or more of the sampllng
points. L L T O ”ZJ RN '
21. The system for tlme.synchronlzatlon of’ clalm
20 20 wherein said two or more known data sequences '
1nclude one: ox more syrnichronization- sequences hav1ng
good correlation propertles and one oxr more sequences
which do not have good correlation propertzes. _ _
22. The system’ for- time synchronizatlon of claim | _i;)
25 20 wherein said two or more data sequences comprlse two'
oY more synchronlzatlon ‘sequences having good - '
correlation propertles o
23. ‘The. system for time synchronlzatlon of claim
20 wherein sald means for demodulatlng further '
30 comprises: - ' '
means for combining said tlmlng recovery functions
to determine a sampling point; and R _
means for using said sampllng p01nt as a reference
point for demodulating the tlme slot, - .
35 24. The system for tlme synchronlzatlcn of clalm '
20 whereln said means for demodulatlng further-"
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reference point for déﬁndulathng the time slot; means for increnmenting the
current denodul ation position; and 100 . =~ neans for continuously

repeating said choosing, using and increnenting steps for each denodul ati on

position within the tinme slot. 25. The systemfor tinme synchronization of

cl ai m 20 {wherei n sai d denodul ati ng means fygt her conprises: 15

for denodul ating said tine slot once for each of said one or nore sanpling
poi nts, each &bmBrustly a different one of said sanpling points as a
reference point Tor denpdul akithg said tine slot; and:imeans for conbining
said plurality of WERBEuFQFcEROOsiNghAne SRR B 8¥eFOFR ned
criterion. 26samMpPifigspelines which #ds \Hlcilntde premeackiionnd datction

i i i function. 27_ Th f.claim26, wherein th
i mng reCoveTgaVaREe] BROPESRLFP, B SeaRAY A Red ot FBROBSPOPaRCE o 1 or

each of tHe lwbplhninathestdmensdst ;28.

A nmet hod of time synchronizing and

denodul ating a rec&égﬁg ggkaugggga%ﬁﬁiggﬁggﬁi§g$%b§ﬁ92§5§hg gg§%ribed wth

reference to the acconpanying

systemfor.tinme

synchr oni zi ngreferepasdaPantnioredemedy lading it simeusdetntial ly as
herein descri bed wbhhs' 858" $HEPeh@nt hPEH Qridnt | HEMBEG2ERIBY NJ

dr awi ngs.
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-accompanying drawings.

position; and _

means for coﬁtinuously repeating said chooeing,
using and incrementing steps for each demodulation
position within the time slot. :

25. The system for time synchronization of claim
20 wherein said demodulating means further comprises:

means for demodulating said time slot once for
each of said one or more sampling points, each time
using a different one of said sampling points as a
reference point for demodulating said time slot; and

_means for combining said plurality of demodulated
signals based on a predetermined criterion.

26. The system of claim 20, wherein the
prédetermiﬁed function is a timing recovery function.

27.” The system of claim 26, wherein the timing
recovery function is derived from a correlation
function for each of the known data sequences.

28. A method of time synchronizing and
demodulating a received data signal, substantially as.
herein described with reference to the accompanying
drawings. ) ) |

29. A system for time synchronizing and
demodulating received data signals, substantially as
herein ‘described with reference to, or as shown in, the
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