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-15 SPLI T- W NDOW TI ME- ALI GNVENT .BACKGROUND OF THE | NVENTI ON The present

I nvention rel ates te42®ArBNI cations 5 synchroni zati on and

particularly to tine-alignment of transm ssions of a nobile station in
rel atkon to the tinme reference of a base station in a nobile radiotel ephone
system Presently, nuch attention and developrmental effort is 10 bei ng
focused on digital nobile radiotel ephone systens. Typically, the nobile

stations and the respective bage Ei-a¢tNdOw of AT, EGRBNBR®M conmuni cat e
across TDVA channel s whereby nultiple nobile stations share the sane
transm ssion and reception frequencies but are assigned separate tinme 15
slots within those frequenci e BACKEROUND (OF eTHE SINVENTION accurately

confine its trans Sji 0 Of th sl as .

O herw se, trans mmé% OI’ISB‘T”%%%‘%QI f?lg‘r%%&lnﬁbl Igei%‘ggl ongctq' ?{:ﬂzﬁﬁﬂ}catlons
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cel lul ar system | nCreases,_ sl nce the maxi mum t| me ger5| on at the base
station of trXRFEEENGHhsOfr otn Rame FEBLAEN siBt j@nBO Illlﬁev\}'éngﬁ&PBEg&?
Time di spersi gystefir s to the different propagation delays of 25
different transmt

il e st t|o cated i fferent di es, fr,om
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mobi l e stati O&'S’ﬁggéa]{iﬁ' baﬁestﬁgbﬁecom xqg t%}ﬁ% m‘yﬂnere Ic%g,et Obas
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keep the transm ssions respective nobile stafions in proper 35
ti me-al i gnmen@nd Ty@ceRELGN %Q%‘%ﬁﬁﬁl buti ke sresphEPRy separate time

- 15 slots within those frequencies. Each mobile station must
accurately confine its transmissions to the bounds of the
time slot assigned. Otherwise, transmissions from different
mobile stations "collide", resulting in mutual interference
in reception at the base station. '

20 Accurate time-alignment becomes especially 1mportant as
the cell size of a cellular system increases, since the
maximum time dispersion at the base station of transmissions
from the mobile stations likewise increases. = Time
dispersion refers to the different propagation delays of

\_ 25 different transmitting mobile stations located at different
distances from the base station.' As the mobile stations
move, the effect at the base station of different varying
propagation delays is compensated for at the moblle stations
by the base station commanding the mobile stations to adjust.

30 their transmission timing. Time slots therefore occur at
the base stations in'regular order without any apparent
effect from the different propagation delays.

Techniques have been developed to 'keep the
transmissions of the respective mobile stations in proper

35 . time-alignment. Typically, while communications are being.



-2- established between a nobile stati‘on and a base station, the nobile -
station tinmes its transmssions in relation to transm ssions received from

t he base station according to a "standard of f-set _reference". I n one o~
proposed system for 5 exanpl e, the nmobile station times its .
transm ssion such that transmissiongower is dying out at the concl usi onw

t he transm ssion 42 synbol periods before the next expected conmuni cations
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respect to the cloc the base statjon occurs due to tinme dispersion. 20
Waen t hat r@r’?sf"%l%c’ﬁbdéza symoel c RANIQAS nPeLRFrY, the NEte SKRECE®Lends a

time- 3' I gﬁ:rmninm&mimds tm%ﬁéle fﬁ&hhfﬁaéglﬁésénstﬂﬁ%éﬂctlnﬁ%%l tﬁea%&&@ce ?r
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station ignores Synchronization patterns not OCCUrTing in a specified
time intdikglihgod vﬁﬂcﬁﬂ@-llﬁng\h‘éir‘éhtﬁ‘éklegotransﬁlﬁ-ésé}?@éet ed to occur.

Vhen the base g i @n £saHeSsPot | MsAdbUShTERLs SGAEANGLS O thite FBBishe ‘o
station, problem ocgurs that the base station cannot tell exa.ctly when
t he m)b”é:a&:l:ﬁq,on n}q-aﬁlgnment of transmissions by the mobile

15 station is continually checked by the base station by noting
the time of arrival of a synchronization pattern transmitted
by the mobile station during each burst. Time drift of
transmissions by the mobile station with respect to the
clock of the base station occurs . due to time dispersion.

20 When that drift exceeds a predetermlned threshold, the base
station sends a tlme—allgnment command to the mobile station
instructing it to advance or retard its transmissions by a
specified amount of time. _ |

The synchronization pattern: transmitted by the mobile

25  station at each burst may also occur randomly in normal u
speech data. . Therefore, to avoid spurious detection of
apparent synchronization patterns ("false syncs"), the base
station ignores synchronization patterns not occurring
within a specified time interval, or "window", of where they

30 are expected to occur. . _ | .

When the base station issues a time-adjustment command
to the mobile station, the problem occurs that the base
station cannot tell exactly when the mobile _statio'n will

_ have responded to the command and have begun transmitting

35 according to the adjusted timing. For a short time,
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have responded to the conmand and have begun transmitting 35 accordi ng
to the adjusted timng. For a short tine, -3- therefore, the sync
pattern may occur either at the old timng or the newinstructed timng. In
ordesto provide for both possibilities, in the prior art, the

ti me-alignment w ndow wherein synchroni zat-iden patterns 5 are recogni sed has
been stretched, or wi dened, tio:cover both the old tining position and the
new ti m ng posithiexefdlie h the synerpagteint nayt ooeual eghuhent ati dev,olde
probability of . [ y. ' S .and spee ld Iy
decr eases prop(g'(ritﬁ‘flc%1 alqp.é%%é m%%%lggélgﬁggﬁgugaﬂ rs g%f)%clf? 1:c?f ‘the
present invent P@‘@Yltdﬁeréﬂ'ébqﬁf}b@@%ﬂi}aihﬁtﬁgmoflnrrﬁhﬁt prioygart, the

synchroni zat i oR ; hRl-\WASRANdRY Widow Wﬁ@r&iﬁn%ﬁ&Ehﬁ'bﬁ&QQ@iw Pt Lot e
transm tter/receiver conmunig channel_, conprising the 15

_ ting across a T,
steps of: det eéﬁengqqqgé"%ﬁeé%ﬁ?ag%%é?ﬁno?tfﬁﬁﬁhﬁflcaf’?ow&d?m's&od GBIRH e
transmtter/ rebeit\h;%ItHeO sl d::‘rrﬂg'@rp(;ésitﬁﬁﬁrrhhaethéeﬁewwmmgmmndi_ gg sai fl
renote transm tter/r.eceiver. .o 20 adjust.its trapsn.ssion.timng,. and unti
said remote trBRYEHYCR ¢ t?}beztl?la‘%itgﬁ‘bggea%i ?Eeﬁéﬁ'&haég%ﬁ‘eﬁ%‘ ng,
| ooki ng for a simdowgnitdes ipprolpsdvi kity aof odptagtniggt fadsel synoss by said

remote transmi &h%&!e%%%%'f,v%rndi%rﬁ@&ﬁvgugﬁ-g&sage EQHQESPE:Bﬁ%xjt'lto%ra‘i 5, one
centered about “a tine of occurrence ol sald synchroni zationh pattern Before
sai d commahli ng st epoferdimd o achivsedaspedt af thpepregentne of

occurrence of gahdntURE AHAA | 08 PROYL8EaT & hEERBASBE! fadaitdinamgpndi ng
step. 30 synotroniLarich Fetveed BoEl o 0hnb e BaESe™
~ transmitter/receiver and a remote transmitter/receiver
communicating across a TDMA channel, comprising the
15 steps of:
detecting time misalignment of communications from
said remote transmitter/receiver to said regional
transmitter/receiver; : _
commanding said remote transmitter/receiver to
20 adjust its transmission timing; and
until said remote transmitter/receiver has
adjusted its transmission timing, looking for a -
synchronization pattern accompanying transmissions by
said remote transmitter/receiver during two
W, 25 discontinuous time intervals, one centered about a time
of occurrence of said synchronization pattern before -
said commanding step and another centered about an
expéected time of occurrence of said synchronization
pattern in response to said commanding step.
30 “According to a second aspect of the present
invention, there is provided an apparatus for
- maintaining synchronization between a regional radio
transmitter/receiver and a remote transmitter/receiver
- communicating across a TDMA channel, comprising:
35! ' means for detecting time misalignment of
communications from said remote transmitter/receiver to



i nventi on,

means for detecting tinme msalignment of communications fromsaid renote *

transmtte
comandi ng
timng; 5

time intervals until

transm ssi

there is provided an apparatus for maintaining synchronlzatlon
between a regional radio transmtter/receiver and a renote
transmtter/recei ver communi cating across a TDMA channel, conprising: 35

r/receiver to sai d region transmtter/receiver; neans for
said renpte transmitter/recelver to adjust its transni ssion

A

sl neegional FrsrERatter/xes@iveroni zation pattern accomnpanyi ng:
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PRI W p@ét@f@ﬁsﬁisglaﬁselﬁ&ﬂ |, 0BneOR! lsgligg the steps of:
éiﬁqtm le statiop to, a %ust its transm ssi on timng; detect
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before said remote transmltter/recelver ‘has ‘been
commanded to adjust its transmission- tlmlng and another
of said discontinuous time 1ntervals_be;ng centered_
about an expected time of occurrence of'said“_

synchronization pattern after said remote

20

25

30

35

transmitter/receiver has been commanded to adjust its
transmission timing. R L o
Accordlng to a ‘third .aspect of the present
invention, there is provided a method .of reduc1ng the
acceptance of false. synchronizing patterns at a_base
station comprising the steps of:
commanding a mobile station to adjust 1ts
transmission timing; A L _
detecting a synchronlzatlon pattern accompanylng a
signal from said moblle statlon,_and '
accepting said synchronlzatlon pattern only 1f
said synchronization pattern begins during e;ther.of
two discontinuous time periods, one,for_the estimated
position of the synchronization pattern'ﬁithout'
adjustment, and one for the .expected position of the
synchronization_pattern:with_adjustment. -
According to a fourth aspect of the'present
invention, there is. provided an apparatus for reducing
the acceptance of false synchronlzlng patterns at a
base station comprising:

ing
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sdi d synchroni zation pattern begins during either of 30 two discontinuous
time periods, one for the estimted position of the synchronization pattern
wi t-heut adjustnent, and one for the expected position of the

synght-oni zation pattern with adjustment. Aeeording to a fourth aspect of
the present 35 invention, thére is provid@d an apparatus for reducing the
acceptance of false_synchroni zin terns i IpLLSi ng:
nmeans for commandi nﬁle Fob e < "grﬁoni)gr%l} % j-u%J?l%Jfés@??%%émeéslggﬂB?%m ng;
neans for detetténgranspisision tdming:pattern 5 acconpanying a signal from
sard mobile stationnedfd Feantudulicdekfl Idhdldh pacuRbgetepy pattern
only if said synchronization pattern begins during either-of two .-

di scont i nuotis ¥FAEMpaRYdag, sorddnal o RAIthRPHLi sFRion/ tard
synchroni zation pat{ghfsl@o¥ Hieptadg SR tsyridkhr-Siezd ©1oh hSackeest ed
posi'tion of the synghronization_pattern w th adjustnent, BRLEF, DESCRI PTI ON.
OF THE DRAW NGREY giifeS2ids synghdopigaidomRat et RSt FRhHing

synchroni zati ogipheti 6 @lvoa dizzenttiziucus anidned paidds 150%é afbpntha a
nobi | e radi ot el ephon ystem . - Figure 2, including Figures 2a and 2b, is
a di agr am of c%ﬁﬁﬁﬂ?gﬁaigﬁfq%QEWaﬁ e&qﬁﬂ #bﬁ?ﬁ?%ég ogf%?ﬁ%ﬁr%nd a nobile
station; F@ureishouhchddusgmengyr endBarenddh the expéctied Bositidhagram

[ Hustrating toe phanGhRKhyBhilAe e ek iy SHUP LA fldtidnd, IS 2

fl owchart representation of the time- “all gnnent. process according to the
prior art; and BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a communications
\ - synchronization portion of a base station and a mobile
15 station in a mobile radiotelephone system;



Figure 5 is a flowhart representation of the time- alignnent process
according to the present invention. 10 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT Referring to F|gure 1, a conmunications

synchroni zation portion of a base statjon and a nDblle station in a nDbll
radi ot el ephone systemwill presently fe descri bed. For 15 sinplicit
el ements not: essential to an understanding of the present invention have

ot o e JFAGRRR02S SHAG S IERE 44T S010% Agrd(BE7 YL
CPU real |§e§muanrsn§1m$erexghengeﬁs bet‘beee &he | baseorstarion andfanct i on

(BS- C@W%ﬁlggdsga@l@,.al i gnnent | ogic function (TA-LOG C). ‘The receiver

i ncl udes, anobng,ot her elenents not essential ‘t-o an._.understandi ng,of the 5
present invent %6Hur§ r r dRsdRA1ng TRigREREe 38 o?nﬂr (}gi!ce%sal‘? ogf‘B&Fg& gnal
to Hoth BIi&EMAROL1an8tTAtLAG Gliénﬂrliﬁ@&p\lms ofuthet ppegentsidbentiohk om

each of the sa he correl a ai_ns. a and :
times the ggg}%ﬁce g? aa#ﬁ’h%ﬁﬁ?ﬁ ,_D e ér%;néfil&gnggmﬁﬁéj Eﬁm?el ation
to the tlaialghmgnrteplromemaowccofﬁmg elsqltlseoprihe aemuaadents are sent to
the CPU.  The £R tair agprov p %’g\é h '
al i gnnment mAndOW E%né?dgflng #ﬂ8§?§§?grQF %gﬁ#§£¥$ﬁ the S—%@RﬁRCL
portion tAdigBReRtk By OFESSsiaIRP %%tthﬁtEﬁeﬁﬁﬂteiE¥§F§é°§ync tine. In
adgption, it receives tine rreasurerrents fromthe correl ator and inforns t he

TA-LOd C and correl ator about. h VN i.o The TA-LOG C
nment s

portion of the 1LE
according to |Réo?emrﬁmntoo?liguredltr@mduiumnmat\iansrsmmhﬁﬁamr&ﬁh Thb

time adj £ _sent_ %1@ a f

message a g?ggflhgfgc?rre St o lé %’;‘?? gtlcie %E 4 gnrren@gggv?%do

The ti neraﬂu.gngéephoa@] us:fﬁ‘bﬁm w111 presently be descrlbed. For
15 51mp11c1ty, elements not essential to an understandlng of

the present invention have been omitted. The base station
_includes a transmitter portion,'a receiver portion, and a
control portion, the latter being implemented by a CPU. The
CPU realizes, among other funCtiohs, a base station control
20 functlon (BS-CONTROL) and a tlme-allgnment logic function
(TA-LOGIC) The recelver 1nc1udes, among other elements not
essential to an understandlng of the present 1nventlon, a
correlator. The correlator produces an output signal to
" both BS-CONTROL and TA-LOGIC and receives output signals
25 ~ from each of the same. The'oorrelator'maintains a reference \_p
time base and times the occurrence of an incoming
synchronization signal in relation to the time-alignment
window. The results of the meaSurements are sent to the
CPU. The CPU in turn prov1des new parameters for the time-
30  alignment window. ' '
Con51der1ng in greater detail the.CPU, the BS—CONTROL
_portlon thereof makes decisions about estlmated and expected
sync time. In addltlon, it recelves tlme measurements from
the correlator and informs the TA-LOGIC and correlator about
35 the expected sync time. The TA-LOGIC portion of the CPU



Y

message generated by TA-LOGJCis i'ns'e;f;tfe.d in the physi cal |ayer control

message by the transnitter and transmitted:to-thé nobile station. In the
nobit+e station, a correspondi ng TA-LOG C bl ock receives the tine-alignnent
message fromthe 10 transmtter and g4djusts the nobile station tinme -

reference accordingly. Referring nowto figure 2a, the slot format of

cormmuni cat i ons,5f | ik o ' :
coation. rmy AR (e chsY Tiatl 4 lifen® M plfhdis Mocdiling to

bits in a prdnfammattipndradiectedefaronpbhee carnelsEonfndi BR1GNHRCE-

par ti cul ar 1 moQuiatEite | SafsstaBRts ape sditf WSTEne E¥BABRGEIL AN fouprdl
e synchroni zation words are preferably chosen to haye good - ..

aut o- corr el atqld‘}?'r?rr}'oﬁﬁﬂrﬂ?%fs ’E‘%gfﬁgﬁl ang: é‘%)ﬁﬁr_%ﬂffﬁ¥?ﬁgr23° adipff the
traini sg of tHimes@lYijmiarit Windewthe r @t ni timé+aldgnaknthe sijistmemiat

are not of partjcular ncern.to t ' t LN i t hei e | g I -
is omtted. %er'réés-aéel g%%ﬁﬁfaéﬁfugyn%é{cﬁé‘g@bésd?iﬁ’g:etxg%%ygﬁhgh a}g{)}s%éfél)%n
as necessary lagiem corftxsll méssagayky cthe| byanspitter amd rtatanamitird o

| Tustrat ed ighd 0 @ bt adlitn PIYEL Cohe | YBL) 6OBERR oS 3 responding
periodically 1ssued on a '?ast- access control channel™ "( FACCH) ar?d/or a

"s| ow access TARGH Rieghdrecsives) ther tirg-pliageaenth dereage tiqmithfd
the mbile shairidiitter TARA! ARt MEREt mobligled Satien3€ime HiB&HORte
| ayer control_ nessage jncludes, “in one enbodinent, 9 bits, the first 4 bits
desi gnati ng taiché’-’%fquﬂ?rﬁént as .the parameter being affected and the

remaining 5 bits Refefyimg thewaneont Fhfutrene2adj utheentsliot t eformmaf of

el i LD ek By SRR hBELFS SERRSIE T gl el

t he standard<sf fbandretetdénbe arayrdye beeebt &icdethcbide opl pydwiirard adtsion

standaisd of f g5leypl 8YRBCER: bR LEE WQY dF drlitrdPidd © eMiriId idfendtS, OF deded
to transmt sone tine-anmpunt . ) . . S,
mobile station communicating on a particular frequency is

assigned a different synchronization  word. ~ The

synchronization words are preferably chosen ‘to have good

auto-correlation properties to facilitate synchronization

20 and training of the correlator. Since the remaining fields

'~ of the slot format are not of particular concern to the

present invention, their désgription is omitted.

Time~alignment adjustments may be directed by the base

station as necessary using a field of a phySical layer

25 control message as illustrated in Figure 2b. The physical
layer control message is periodically issued on a "fast-
access .control channel" (FACCH) and/or a "slow~access"
control channel (SAACH) defined between the base station and

the mobile station. The time_—é.lignment' field of the
30 physical layer control message inéludes, in one embodiment,

9 bits, the first 4 bits designating time-alignment'as the

parameter being affected and the remain_ing 5 bits specifying

the amount of time adjustment in terms of half-symbol times.

According to a preferred embodiment, the timing of the

35 _ mobile station may be advan_ced' up to 30 h_élf-symbol times



before the standard of fset reference. "A synbol.represents 5 two bits
of digital information according to [err]/4 DQPSK nodul ati on. Referring now

to Figure 3, the principle of the present invention will now be described.__,
In the prior art, as illustrated in gures 3a and 3b, synchronization a{\
patterns 10 fromthe nobile statifon are normally detected during a

narrow time w ndow centered about the expected tinme of occurrence of the '_
synchr oni fixém obheastendardliofifset asfiemende or mayr besinefarmded | aébatt o

i of, 5T 0 B0 YA bifedt Tieriie ) B ey piSegRET S

Ctinme of Jekermehite psation Iis r@&%%%?%o?‘hctﬁé?smiﬁew&ﬁimgﬁm@nbr
"opens”, péféréi fRel standard A Neference. aNA 2WABol representSYNC .
ends, or "cl 3}84'168" . .at_a {ime [err] succeedi nc% t_.c{-,err] JAccor di @%% an
actlal syWPr StHt PEn PaFLERK ERTRAL O acoquding, toneT/ ¢ Kgnnent
- W ndow imo@uDatioy. det ected whereas a fal se synchroni zation ‘pattern

F : hi i ce. dat A tine: bef . of _th
(o cal | gnorRebEREEnE BOv Re rES A he WEURELBIE 4 s Wfedlatc®
nobi | e stimvemtion2%ill mdjusie d_esc_rt'Lbleﬂng, Irhethas@rinat avk,wi aens
the tinei)pbiOPaBR Wh#AMLRORAD did 058,  BenBRkbhEEal d pdltlrns

synchronization pattern and the expected: synchronization pattern and to

cllfbe ~ affeem the mabdde oftathen AXP speamaddiyzafdPSRchet: cRUring e

expeﬁt'ed_ﬁyfﬁmorﬂiﬁ? | 9ndBy coRbEBAN. abold! ANENEAGSERSEE time of -
synchroni zation patterns, are therefore.getected, resultfing-in |
Sy nehr oni SHFHOHEBER oPE BRE SEGFRBPLER I PR Rl MPE LTRSS 1 1y
of fal se synbedeincreasingcofiesmedEft atby hightwhenWhea nehe mmokile W/
adj ust ”ergtééiggmign%ud'prbper time-alignment, the expected time of

15 =~ occurrence of the synchronization pattern and the actual
time of occurrence, .tsync, will nearly coincide. The window'

s . " " s 3 + ' ading +. . -
begins, or "opens", at a time top_en precedlng _tsync and

ends, or "closes", at a time t succeeding t

_ _ close _ sync’
Accordingly, an actual synchronization pattern ‘occurring
20  within the time_-alignment ‘window is’ properly ‘detected
whereas a false -Synchrénizat'ion_ pattern naturally occurring
within voice data'_'at.'.a"t'ime'befo're the close of the time-
alignment window is ignored. | - | |
When the'baée'Statioﬁ instructs the mobile station to
25 - adjust its timing, the base ‘station widens the time-
alignment window :to ‘open before the earlier of the old
syhchrOnization pattern and the expected synchronization
' pattern and to close after the 'later of the old
synchronization pattern “and the expected synchronization
30 -~ pattern. 'Interveri.i'ng'"'fallsé sYhéhronization patterns are
‘therefore detect‘ed,‘_" résultinkj- in sy_ndhfdhiZation errors and
degradation of épe_e"ch quality.. "~ The 'prob'ability of false
sync detection be‘c'om_es”eépécially high when the maximum time
adjustment is commanded. ' '

-,



According to the present invention, 'as illustrated in Figure  3c, two

i ndependent synchroni zation wi ndows are defined, one opening at time [err]
and .closing at tinme [err] and centered about the tine of the old

syngbronl zation pattern, 5 and anot hegf opening at tine [err] and
closing at tinme [err] and centered about the tinme of the expected
occurrence of the new synchroni zation pattern. Preferably, the
time-alignment wi nBSReTdiagi® e neFesents 1§8§§tBPE'| FSadddrttirates « in

the maxi mum tFi@ugéSp@éS' opwé’ 1 fRgepanaent! e@ﬁﬂ@l&r&ﬂii&ﬁloﬂlo windbWsa are

referred enbQdi pent,, t he W ndQw i s, caysed, to extend for n either
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result That t €r n akiet i on re i ns consta@@
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r educi ng Sy”CHéQ%ﬁ%%&g%éﬁ%énaggt%%“c' Pl POREETY fuahé twlméfr@m@%éﬁton

of the prior art present , i nvention
contrast ed wi VindpWpepdiccdvade gpghagyow aghgossible by @ﬁ"l‘%@a‘?‘?? s‘t’ltpo
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executed by waitin or the start _of a,ti slot_at a.refere et| iy
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signal in stepoB240 lber bheeiymda:r mmtomrtmketrm:m syl tise s eﬁerveu
at atime [er PR er | Sel | ep
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[er} is insitetahe time- famnsgnc vpm@wn detzgtion nghergfere remains

synchr oni zat | @B siand! radifbmidhtiehe! et Zndhe codyaasudtherhte WOH | BRe

returns to step S wal t a_ subsequent sync roni zafjon detection

signal131f t h§e§§‘ﬂi§hFBﬁFz§bPoﬁ1§l§t eét féﬁsﬁl SENEPREteEn ALLertHeR Tempins
inside the tigBnathaknNent THeNdpitervehsnghefal¥e syndRrendzaedonn patpeth

whet her or no{_'ht hefgr eserllgelﬁa{{rl?s undetected, reducing synchronization
errors and enhancing speech quallty.
The operation of the prior art system and that of the
20 present invention may be contrasted with reference to
Figures 4 and 5. Referring first to Figure 4, a
synchronization detection routine in the prior art was
executed by waiting for the start of a time slot at a
_ reference time t__, in step S1 and subsequently waiting for
25 a synchronization detection signal in step s2. When the
- synchronization detection signal is received at a time t_,
the corresponding reference time t . is recorded in step S3.
In step S4, it is decided whether the synchronization
detection time t_, is inside the time-alignment window. If .
30 not, the synchronization signal is determined to be a false
sync, and the routine returns to step S2 to wait for a
' .subsequent synchronization detection signal.
If the synchronization detection time t_ is determlned
to be inside the time-alignment window, it ~is then
35 determined in step S5 whether or not the present time-



10 al i gnment wi ndow has been extended in response to a time- alignnment
command. |f the window is not an extended 'one, it is ascertained in step
S6 whet her the synchroni zation detection tinme [err] is inside —
predeterm ned adjustnment 5 threshol ds for the estinated
synchroni zation position, i.e., wth@ut any adj ustnent having been e _
commanded. I f the synchronl zation detection tine is within the '

appr opr i %tlﬁgtﬂiféiﬁﬂ‘%f'ﬁdo&hﬁagn%b% htldribd Sin anéBBﬁéet ivge-al tgpeent and
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routine, symehyianigatdon detpglden thing éﬁt Sdin ntheepapBropRdate wil |
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The. oxpoGrat T AR HEF AR ] oA LY B0t the (CRBIRESRORE of he
alliognnenmeartj usimenslobmmamt tHe mynchhenmzatlbmnr dew.iems:mtemmel ded t he
routlne retur 2 e t ne,
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t hr es hol @e;a'q:mt tJLSrec@mthtw ndmwsts 1§Hortt1@r1@@ mecayding n’got tBeopeni ng
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The precedi ng operation is to asted wth Eresent
i nvent i ofO™MaNYs it &}mei"ﬁllﬁw windour 4 pRGengded dnr 6tsp £8 R¥y be

ohser ved a?tjaisﬁlhﬁg fitred tdpeeing ensr SJc‘u,osS;IrI&; A1 ofar echdenyifgowt 0 -
correspond,

C

o%dlng to the dev:Latlon amount. The routJ.ne. then returns
to wait for the commencement of th_e next time slot.

During the subsequent iteration of the routine, the
window will be judged to be extended in step S5, and it will

20 therefore be determined in step S9 whether or not the
'synchronization detection time t, is within _thresholds
established for the ekpected' syri_ch-"rbhiz3ation-.-pOSiti'on,- i.e.,
in response to a time alignmént adjustment command. If not,
the window remains extended and the routine returns to wait

25  for the commencement of the next time slot. - If the
synchronization detéction time is within the established
thresholds, the time~alignment window is shortened by
adjusting the opening or closing time so as to surround the
new synchronization position. ' _

30 ~ The preced:mg operatlon is to be contrasted with that
'of the present invention, illustrated in Figure 5.
Referring to Figure 5, it may be observed that the first
three steps S11, S12, and S13 are 1dentlcal to correspondlng
steps S1, S$2, and _S3 of the prior art routine previously

35 described. In steps S14 and S15, however, it is determined



steps S1, S2, and S3 of the prior art ‘routine’previously 35 descri bed.
In steps S14 and S15, however, it is detern ned whet her the
syn hronlzat|on detection time [err] is inside either of two separate

one for the estimated synchroni zation position (w thout
adjustnent) and one for the expected syncéﬁonization position (mﬁth
adjustnent). As 5 t he ternms "esti mat ed” and "expect ed"

imply, the v&yémm@mtwlagnﬁai»bhuaat%ﬂw&eﬁe&elbﬁsuame af apsadineiaent
command i s kno mntgﬁi at™l ess certala é due to-dgift ég;the mobi | e
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rgﬂéﬂfgnfﬁgggghto ositidn é@%ﬁs +ondi Gl @ c@nd dehe an

routine retur to ste Wal t O next S nchroni zat1 on det ection
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is determ ne In ste _ gnc rQni zati on detection
tlne [err] |5§XWEH¥EP%ﬁ%t&Pﬁd@ﬁF?GFl?HetéRﬁeéFeﬂ° thﬁPQﬁt?&Fﬂﬁ¥|Miﬂ49%n

i.e., ¥fool | owiahgfflse sync is indicated, and the routine returns to step
S12 to wait for the next synchronization detection signal.

If it 1is determined in 'step S14 that the

synchronization detection time is inside the window for the

estimated synchronization time, then it is determined in

20 step S17 whether the synchronization detection time
satisfies. the established thresholds for the estimated
synchronization time. If so, the routine returns. 1If not,

a synchronization adjustment command is issued in step S18

as in the previously described routine. In step .S19,

(25 however, instead of the old time alignment window simply
being extended, a new window is created with opening and

closing times that surround the expected synchronization

position. _ L
When it is determined in step S15 that the
30 synchronization detection time t, is inside the window for _

the expected synchronization'poéition, i.e., following a
fime—alignment adjustment command, the old window for the
estimated synchronization time is abandoned and the window
for the expected synchronization position is replaced with
35 a new window for the estimated synchronization position..



time-alignnent adjustnment command, the’old ‘w ndow for the estimated

synchroni zation tine is abandoned and the Wi ndow for the expect ed

synchroni zation position is replaced with 35 a new wi ndow for the By
esti mat ed synchroni zati on position. When no adjustnent is being 2o
performed, the wi ndows for the esti rr‘ag'ed and expected synchroni zation et
- positions may be identical. By splitting the tine-alignnment wndow into two
smal | 5 Whenwinul evdsjubtmegt t be belingapegformied)djtins lmgacpdsmeﬂdrethbhe ri sk.

g;ngﬁ g(r:ut Iz%tq‘mgﬁ"l S‘f %*éco%%é’g{%%d %&%&f%%téﬁe%gﬁﬁé?y (Rl rrpr Foved.

It will Bdem¥drcadi.ated by. those of -ordinary skill in 10 the art that
t he present e r i out
p fro%éf%ﬁh% bengmpeoe Qnan@bh% WARRK | Tt d OEWB siﬂhtlﬁ

departing, or essentra haracter thereof.

pr @sent | ¥ingows d?-B’éF-‘Erb’é"él? n’éhl“g al dInREnEs &0 USHNH RERCEIEL F?@pect s
to be il ysk aéfvaeteaftm@otfawét By#ld \atterdde isScegduced. timsla

t di t d h ed cl t her than_{he_f.
oer b ReRt G T AT B SR S ShIE i 5 e AV RERER of
equi val elstpewhemxﬁlnat}e istimpissivéd. be enbraced therein. CLAIM5 1. A
et hod. of Rl MAIPLNG SUNEREOALARAN RPIEED0 A0t AN Ha AR 1y ¢

transmtter/reéceiver enote tran receil:ver: nicati ng across

alPDVA 5thieamrdl thednmihesinneasnt sinyentsion demclve r@nwmgem tnl pgheent of
comuni Cableis ifid O ehsl reiPh&ut ' a&éﬁhkt&hbr eqgiofer 1.0 S%Slf-fﬁ' opgl
transmtter/receiver;
‘essential character thereof. The presently dlsclosed
embodiments are therefore considered. 1n all respects to be o ()
illustrative and not restrlctlve._  The -scope ~of the o
15 invention is indicated by the appended clalms rather than
the foreg01ng description, and all changes which come. wlthln
the meaning and range-of equivalents thereof are intended to

be embraced therein.



cormandi ng said renmote transnitter/receiver-to 10 adggiédllirLL§D§ﬂL§§LQn
timng; and until said renote transmitter/receiver h justed its
transm ssion timng, |ooking for a synchronization pat ' M
transai ssions by said renote transnitter/r?giiver dqu&@! Eﬂ““ﬂ“[““_.
di scontinuous time intervals, one centered out a ti coceur¥ence *of
sai d synchroni zation pattern before said commandi ng step and anot her

centered about ERAdIMEected ti:me of occurrence of said synchronization
pattern in response 40 saiy fEUABN BN Gsirihirdhg syncHronifat@gparatus for

mai nt ai ni ng synchroni zati on between a_ reqgional radio,transmtter/receiver
and a renote trRE&HESed &SNS &?%ﬁﬁﬂb%ﬁ?%%‘&?%%e%e#m 2RdnAel
conpri si ng: neagemicte dHLEEMiItEdr/Fedeidsdr grommin biaing cavnossaki TDMAS rom
said renpote transmtter/receiver. to id,eqgional transmtter/receiver;
means for co%naﬁ aﬁ&egm<fﬁﬂﬁﬁﬁ%%ﬁﬁzﬁﬁﬁn%%é§%r£ eiver to adjust its

transm ssion timng; deec3ing timeraisakignhentkiod ¢Qmm@nt9abhonﬁ!iabmon
patitern accomagyyod JhRT A e rAdbd 0L &l 0ed 14G16hRES! Vel

during two discontinuous time intervals until said reno
transnitter/rec&raasniddenjnenaddvetis transni ssion tining, one of said 35

di scontinuous time i M@ e S & P BhknictéFProbe 0664 £gNCe Of
sai d synchroni zation pattern before sajd renote_transmitter/receiver has

been commandfd 28ixgtudits transmisfial I hf2hd anot her of said
di scontinuous tine i Rirgrivialem itk ivegnotan ittt sy Areexpeet ellasi me of

occurrence of sald 2 o SVL U AMdi b Y fnld 2188k fhd CFBE S
N 'synchronization pattern accompanying transmissions by
| said remote transmitter/receiver during two

15 discontinuous time intervals, one centered about a time
of occurrence of said synchronization pattern before
said commanding step and another centered about an
expected time of occurrence of said synchronization
pattern in response to said commanding step.

20 2. An apparatus for maintaining synchronization
between a regional radio transmitter/receiver and a
remote transmitter/receiver communicating across a TDMA
channel, comprising:

means for detecting time misalignment of
U '25 communications from said remote transmitter/receiver to
said regional transmitter/receiver;
means for commanding said remote
transmitter/receiver to adjust its transmission timing;
and - '

30 means for looking for a synchronization pattern
accompanying transmissions by said remote
transmitter/receiver during two discontinuous time
intervals until said remote transmitter/receiver has
adjusted its transmission timing, one of said

35 discontinuous time intervals being centered about a
time of occurrence of said synchronization pattern



transnitter/receiver has been conmanted to adjust Tts Tramsnissien—tining. =
3. A met hod of reducing the accept ance’ of false atterns at
a base station conprising the 10 steps of: comm ﬂlmﬂ [IWM E atlon to
adjust its transmi ssion timng; detecti a synchreni z At

acconpanying a signal from said nDbiIe)Z?atlon and 15 acoegtlng sald

synchroni zation pattern only if said synchronizati on pattern begins during
ei ther of thefdraceatdnwemstei manemhader/aeeeﬁ@eﬁ e se $dagrht ed position of

th h t tt h t d f th ted
b sy ncht b ARALARGPRL! Bhulk ! R £ aShUB IR, RRSRE R S mypect o
of claim 3, oﬁheamdndsacdntmnuduscbmmenmnuerwa&s penmgdsannqrednﬁ a.first
time per'oq?ESGEGQ §ﬁ8gEFﬁ“t§§EGSEGS BagkBRLRY S TR sf -said

synchroni zatron patte ore commandi ng step; and a second tine
peri od d%nt%V@@hngnmFaﬁhoéxpéétéénbéétﬁﬁlﬁglﬁlﬁéméﬁesald synchroni zati on

pattern in Ef@ﬂQﬂ§€téf/§@bg19€§“H§Q'Bgeﬁteemméndéﬂ BPAGFET fidls reduci ng
the acceptance of 30 false synchronizing patterns at a base station

conpri si ng: tﬁ%%ﬁ@lﬁﬁ%OEoﬁﬁﬁhﬂgng a nobile station to adjust its

transm ssion tingng; premaﬁhbaroﬂefeaﬁcmggata;snabbeptaabeo@fpaﬁtatlefél 35
ting

coeomany ot SRR LLOMBR OB € BBL 80,800 TRRRs et e
during ¥t hetepé ofwo di scontinuous- time periods, one for the
commanding a mobile station to adjust its
transmission timing; o S
detecting a synchrcnization pattern accompanying a -kLJ
signal from said mobile station; -and
15 accepting Said_synchroﬂization_pattern only if
said synchronization pattern beginstduring either of
two discontinuous time periods, one for the estimated
position of thefsynchronization pattefn without
adjustment, and one for the expected]position of the
20 synchronization pattern with adjustment.
4. The method of claim 3, wherein said two
discontinuous time periods comprise:
a first time period centered about an expected
" beginning time of said synchronization pattern before
25 said commanding step} and’ _ - = S ' \_)
' a second time period centered about an expected
'beglnnlng time of said. synchronlzatlon pattern in
response to said commanding step. '
5. An apparatus for reduclng the acceptance of
30 false synchronizing patterns at a base statlon
comprising: ' '
means for commanding a mobile station to adjust
its transmission timing; ' '
means for detecting a synchrbnization pattern
35 accompanying a signal from said mobilé station; and
means for accepting said synchronization pattern



estimated position of the synchrdnizati-on pattern without adjustment, and

- one for the expected position 5 of the synchronization pimm“umn"m’u’“"
adj ust nent. 6. The apparatus of claim5, wherein said

time periods conprise: a first time period c rﬁered about *antexpect ed

UI nning time of said synchronization pattern before 10 said nmeans

.commands said m)tg %S{@t%g{]d %ﬁg Iefgggl{) aQ@ Rdb(é tresreg,jg about an

expected begi nni ng ync roniza ern to said
means conmmandi ng %lemﬁmdbflwgtdxsmntﬂnuouﬁ hemﬁopem‘ﬁ-ovdal,nmmlﬁcg: the

synchroni zati on 15bgiyees’ ﬁoéf@i&@%fr@ﬂéo %ﬁéﬂ§8h%%%& Bﬁ‘; \(._|q=:r = 3d a

remote transmitter/recei ver connuni cating act 0ss
substantial |y as YAdihQut Rdivseent wiand rener Eatethe erpected ansitipne 2a

or Figure 3¢ & RIWRS é‘ﬁ'xc@!‘i‘fbﬁ@z&ilﬁt%ﬁ@@eéﬁ aﬂéhSnghsthen%O
acconpanyi ng draw ngs. Aﬁ%ﬂ at us subst anti rein described with

reference to, and as sqrown IPRRFREUS Y @?:1 e Qawg?rﬁllguﬁé‘l s¢ toye
Fi gures 4a and 4ligcdrgimesuda bl pdrdds h@oxﬁpﬁﬂﬁ@anyl ng draw ngs. 25

2 base Station.  subst dhti TS Gharel ToULer T Bee o PRAF oRey BABERSE gur o
1 and Figure 2a dediimuing 3rine ¢ @pasd sincmiodbzatiéngpatse¥ra e de of
the acconpanyigng (driViihs commands said mobile station; and
a second time period centered about an expected
beginning time of said synchronization pattern in
; response to said means commanding said mobile station.
N 7. A method of maintaining synchronization
15 between a regional radio transmitter/receiver and a
remote transmitter/receiver communicating across a TDMA
channel, substantially as herein described, with
reference to Figure 1 and Figure 2a or Figuré 3c or
Figures 4a and 4b or Figures 5a and 5b of the
20 accompanying drawings.

8. Apparatus substantially as herein described
with reference to, and as shown in, Figure 1 and Figure
2a or Figure 3¢ or Figures 4a and 4b or Figures 5a and
5b of the accompanying drawings.

25 9. A method of reducing the acceptance of false
Y : synchronizing patterns at a base station, substantially
as herein described with reference to Figure 1 and
Figure 2a or Figure 3c or Figures 4a and 4b or Figures
Sa and 5b of the accompanying drawings.



