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[0001] SYNCHRONIZATION OF TIMING ADVANCE AND DEVIATION

[0002] This application claims priority from U.S. Provisional Application No.
60/195,087 filed April 6, 2000.

{0003] The present invention relates generally to digital communication systems.
More specifically, the invention relates to a sjstem and method for synchronizing uplink
aﬁd downlink transmissions for time division duplex and time division muitiple access
plfotocols to compensate for radio propagation delays As an additional benefit, the

[}

systems facilitate geographic location of mobile terminals.

[0004] BACKGROUND

[0005] In the proposed 3 generation (3G) wireless protocols, time division duplex
(TDD) and time division multiple access (TDMA) methods divide an allocated radio
spectrum into repetitive time periods known as radio frames which are uniquely identified
by a sequential cell frame number (FN). Each radio frame is further subdivided info a
plurality of unique, numbered time slots (TS) which are individually assigned for uplink
(UL) or downlink (DL) transmission.

f0006] Radio transr;qissions incur a propagation delay relative to the distanqe from
a transmitter to a receiver. In mobile cellular communication systems, these delays vary

over time as the distance between a mobile terminal (MT) and a base station (BS)
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Abstract: A system and nmethod for reducing the latency fromtim ng _
deviation (TD) neasurement to time advance (TA)  adjustment- PhAugus2884 i on

uses a detwrowmgsdel C procedure to coordinate tine advance (Eﬁhﬂﬁﬂgﬂﬁﬁ S and
timng deviation (TD) neasurenents so that failed transm ssions or nobile
term nal s signal propagati on changes can be recogni zed and corrected much
nore rapidly. Radio resource efficiency is maximzed by m ni m-zing

signal ling overhead through effectively reducing the frequency of tine
advance commands. This is acconplished by using TA conmand siggalsfmhich

I ncl ude a, Conne Frame Numher (CEN) .tq specify particular radi ranes
for ti rrecﬁﬁl%ﬁ?cglt“( T 4QjTECqINe fommp B‘%BPBM@&WW@?H.% Wittheyt gesprathedime 1o
measurenents to be incorrectly processed in conjunction with adjusting a
physi cal receptiphinustleridmwm s tieateteivai ng nobil e termination location is

mn- imzed, wthout excessive comand signaling requirenents. ,

[0007] To compensate for varying propagation delays and to maintain a known

~ time of reception, the time of transmission is periodically adjusted. The transmission
.timing adjustment is performed in the MT rather than the BS since many MT’s are |
supported by a common BS and the propagation delay for each MT is different depending
upon distance. The BS downlink radio frame transmissions do not vary over time and are
used by an MT to synchronize uplink radio frame transmissions.
[0008] | The MT synchronizes to 2 BS downlink transmission that has incurred a
propagation delayf The MT uplink transmission also incurs a propagation delay
approximately equél to the downlink propagation delay. The uplink transmission
received in the BS is the sum of the downlink and upliﬁk propégation delays. Radio
frame reception (DL) and reply transmission (UL) at a MT before any timing adjustment
is perférmed is shown in FIG. 1a. FIG. 1aillustrates a BS transmitted DL time slot (TS)
received by the MT immediately followed by a MT transmitted UL time slot (TS). Radio
frame traﬁsmission (DL) and reception (UL) at a i)ase station before any timing
adjustment is performed is shown in FIG. 1b. FIG. 1b illustrates one MT transmitted UL
time slot immediately followed by a BS transmitted DL time slot.
[0009] As reflected in FIG. 1a, the MT synchronizes on the downlink time slot

reception at a time T1 and initiates its uplink transmission immediately thereafter. As

shown in FIG. 1b, the start of the downlink time slot (TS) transmission by the BS occurs
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24 August 2004 WD 01/78259 PCTIUSO01/10986 [0001] SYNCHRONI ZATI ON OF TI M NG
ADVANCE AND DEVI ATI ON [0002] This application clains priority 24 &wguss28)4
Provi si onHO B5¥3%ati on No. 601195,087 filed April 6, 2008CT{USOUBISThe
present invention relates generally to digital comrunication systens. Mre
specifically, the invention relates to a system and nethod for

synchroni zing uplink and downlink transm ssions for time division duplex
and time division nmultiple access protocols to conpensate for radio
propagation del ays. As an additional benefit, the systens facilitate

geogr apht time ABand theodndofid precdingiupling. tith® A TE IRy IS bebrsidie

proposed 3'd generation (3G wreless protocols, tinme division duplex

(TDD) & |, b &l tiple. ac S \ t hods di vi de an.al ted
adi o ShectTanft e Batbii S RIS Bnd THE bR B diming doiitidn (FPE,
are uniquely identified by a sequential. cell frame number (FN). Each radio
frame iand iwredval te theiswindd dhé¢ nplink ang dowallinkypropagatioqudelaysunbered time
slots (TS) which are individually assigned for uplink (UL) or downlink
(DL) tr 1 SSi ONTH=0096hn Ba et Sed S aan;'i'ﬁ 5

rel ati v@mtqgﬂt he di stance ?roingﬁgqeragﬁglr%%té?er tﬂc’)&gﬂgé@eeﬂ/%. nét%lgﬁllaﬁy
cellular co ni catj on systens, these delays vary over tine as the .

di st ancimESIEANSIISSION Ume dn irden to(symphearizeuplings ragsmission yHB)downlinlg
August 2004 WD 01/78259 PCTIUSO /10986 changes. In order to receive -
comuni reaeption bt thedBE s SimestheM Tavsyrhiotized fea tdoeeved downlink time slot that

has already incurred a downlink propagation delay, the MT must advance transmission
of uplink time slots by the TD sum of uplink and downlink propagation delays. This is

referred to as timing advance (TA) defined as:
[0011] T3 —T2=TD = UL propagation delay + DL propagation delay = TEquation 1

[0012] Radio frame reception {DL) and reply transmission at an MT after the TA

adjustment is shown in FIG. 2a. FIG. 2a shows a BS transmitted DL time slot followed

by a time advanced MT transmitted UL time slot at the MT. Radio frame transmission

(DL) and reception (UL) at the base station after TA adjustment of the transmission is

| shown in FIG. 2b. FIG. 2b shows one BS transmitted DL time slot immediately
followed by a time advanced MT transmitted UL time slot as received at the BS.

[0013] The MT has advanced the UL time slot transmission according to the TA

. command from time T3 to time T4. Since the received time slot at time T5 has already

incurred the DL propagation delay, the new MT time slot transmission time T4
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reception nmust be known to the receiver. [0007] To conpensate for varying
propagation delays and to maintain a known time of reception, 2¢hagust of
transm ssi %0 087808y i odi cal | y adj usted. The transmission tirg §dih\sl§§6”e“t
is perforned in the MI rather than the BS since nmany MI's are sSupported by
a common BS and the propagation delay for each MI is different depending
upon di stance. The BS downlink radio frane transm ssions do not vary
overtime and are wused by an MI to synchronize uplink radio frane
transm ssions. [0008] The MI synchronizes to a BS downlink transm ssion

t hat has | ngurred ro at.i.on | ay.. e M, uplink_ transm ssion also -

i ncurs aSW@HQB%F%‘a E%qe%?i natHBF(;&fe Hg%(lé?& gived ULtimgaslat advansed dugthd on
delay. The uplink transm ssion received in the BSis the sumof the

downl i nk eapectag KTInprgpapntigatdetay. del ays. Radi o- frame reception (DL) and
reply transmssion (UL) at a Ml before any timng adjustnment is perforned
is showmn in FIG la. FIG la illustrates a BS transmtted DL tine slot (TS)
received by the MI inmediately followed by a MI transmitted UL tine
slot.(TS). Radio frane transm ssion (DL) and reception (UL) at a base
stati on RAHe any tTHTES -sbA(semefiUL sndDE propagationsdedays)i n FEGuatiba 2
FIG Ib illustrates one MI transmitted UL tinme slot imediately followed
by a BS {@ mtted DL ty e ) F | &

synchr onllz?sﬁon t he doﬁﬁﬁ@%ng ot krsec)e%??%ﬁﬁgﬁ@hﬁnn%&ﬁ alrfl-:gﬁgi%”l‘vE
initiateg,dtg uplink transm.ssj i medi ajely_thereafter. As shown in FIG
b, the Eqdalr‘ﬁ of the doﬁﬁﬁﬁﬁﬁ%%ﬂ%@*%@mg@md@m heEgsatien dr s
-2 24 August 2004 WO 01/78259 PCTIUSOL/ 10986 at time T2 and the end of a
preceding uplink tinme slot (TS) received by_the BS occurs at

{0017] Accordingly, the TA adjustment of the MT &ansmissions results in
synchronization of UL and DL time slots at the BS.

[0018] A BS controller is responsible for instructing the MT to adjust the uplink
transmission accord'mg_ to the calculated TA. MT commands for TA adjustment
generated by the BS controller may require considerable physical resources, it is
important for the BS controller to generate TA adjustment commands as infrequently as
possible to minimize s;ignaling overhead.

- [0019] This is facilitated by using small guard period (GP) with respect to the time
slot duration, within each radio frame between transmitted data of each time slot. A
conventional ﬁrhe slot structure is shown in FIG. 3. The GP avoids simultaneous
transmission and reception in either the BS or MT. A “physical reception window" of
6peration, which is substantially smaller than the GP, dictates the allowed timing
deviation. The physical reception window shifts within the GP as MT propagation delay

changes.



time T3. The difference between tinmes T3 and T2 is referred to as 'timng
devi ation"{,a'gl/ ,2pd is equal to the sumof the uplink and down 24 Angust 2004
propagat i on e?ays. [0010] The TD can be identified and usd§HESHaAMENd t he
MI to adjust the uplink time slot transmission time in order to

synchroni ze uplink transm ssion with downlink reception at the BS. Since
the MI is synchronized to a received downlink tine slot that has already
incurred a downlink propagation delay, the MI nust advance transm ssion of
uplink tinme slots by the TD sum of uplink and downlink propagation del ays.
This is[0020krred TheancasunedfDaedflavisahé Tosatidalfdfthe ]l;h%icﬁp%é fiod Yvindow? =
TD = UL propagation delay + DL propagati on delay = TRquation P [0012] Radio

frame r [ ) r r LSSl ony .at ML af.ter the.TA .

a; ust reapan 88 GROITRS A BRaS 7 BN INE of e Phdhicdlirebettion windeve o
followed , by a tine advanced MI transmtted UL tinme slot at the MI. Radio
frame t MaHRitBea(En It spmpostaat tosyaphiomize tbe T Ardjustmesstsia the MT and BS, gincEA
adj ustnment of the transmission is shown in FIG 2b. FIG 2b shows one BS

transni theBSRecéptioh wiklow SATRY g Wil C&Rﬂeh%ﬁ%{lﬁ%{gg Jlag %@ﬁ%%ﬁﬁnwgusl

transmtted UL tine slot as received at the B has advanced
the UL tine, sl gt sm §sj Qn. accor di tq the TA_command fromtine T5 to
time T4 F‘l‘g}liﬁ’é@aﬁtbﬁ@& Q?M ﬁ"ﬁspﬁff?ﬂﬁg(tangigﬁ*&efﬁe% WQmmaggs in advance®ft he
DL propagation delay, the new MI tine slot transmssion tine T4 -3 24

August Beoallvged physizslreReftidioa 39 Bingyoxebedul. zes the reception time T6

of the BS received UL tinme slot advanced by the expected UL propagation

delay. @] T4 =TiR logithised {obOerkte 'ﬁﬂ%o%ngﬁ&%ﬁ%tqiugﬁ]ﬂ}g SRV ShERL 190 2
account the possibility that radio transmission failures can cause TA commands not to be
received by the MT. This requires a fast and deterministic way to recognize when the MT
has not per.formed the TA adjustment. i :
[0022] The TD and TA can additionally be used to determine the location of MTs.
Since the propagation delay is equatable to the distance between an MT and a BS, tlrw
TDs from several BSs for a particular MT can be used to calculate by triangulation the
MT location.
[0023] In order to produce accurate TA signals in connection with maintaining the
reception window, minimizing signaling overhead and geolocation, it is important to
know the TA for the time slot the TD was measured. Applicant has recognized that one
méthod to accomplish this is only to allow the TA to take affect in the MT on specifically
identified frames.

[0024] The need to coordinate TA adjustment in the MT and TD measurement in

the BS to a specific sequential radio frame is difficult since the time of reception and
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[0015] TS5 = T6 (BS next tine slot) + DL‘ propagati on del ayEquation 3 [0016] T4
= T6 (BS next tinme slot) - UL propagation del ayEquation 4 24 August 2004

[ 0017] Accowd ngisyse t he TA adjustment of the MI transm ssi ons, wl}lﬁ%ﬁ%ﬁn
synchroni zation of UL and DL time slots at the BS. [0018] A cont | er
I's responsible for instructing the MI to adjust the uplink transm ssion
according to the calculated TA. M commands for TA adjustnent generated by
the BS controller may require considerable physical resources, it is

i nportant for the BS controller to generate TA adjustnent comrands as

infrequently as possible to mnimze signaling overhead. [0019] This is
faci | i t aPERCas§ingsionthes NI 10fgther BS g@enexatedsA wommand deatott knewe toi the BS ot
duration, within each radio frame between transmtted data of each tine

slot. A gentehér. 00ak don¥enfibRa]l Sicthtsd I & oSty S{IRW ?Hﬂsgrhggtsg?n éﬁ.ﬁo@% AYHeds

si mul taneous transm ssion and reception in“eithe

"physical receptiqn window, of operation, which is substaptially smaller
t han t he{)@’y?&ﬂfeét gf%‘? tﬂﬁEav‘%éP E@a%%éoquﬁPw v aurheredineniadie pequentiabpicon
wi ndow shifts within the GP as MI propagation delay <changes. | -4 w0

01/ 78159n@mbérsarscof OeutidhETly(uksdl /HOWSGer, G020 dtheedtisas beaskcERivély 186k ot he
| ocati on of the physical reception window wthin the G°P. The TA provides a

cor et auaHikod! ok ARG GROEPRLRRT el ik R b
measurement.
[0025] To determine the TA frame number period necessary to coordinate the
process, the worst case latcncy between BS controller generation of the TA command to
MT processing must be used. This is the minimum period necessary to guarante TA
adjustment on the next TA frame number. For thjs case, the BS controller needs to
initiate the procedure immediately following the prévious TA frame number period. This
effectively results in a TA adjustment delay of up to two TA sequential frame number
periods. |
[0026] As shown in FIG. 4, the worst case latency fro:a BS generation to MT
processing of the TA adjustment command is the time between TA frame numbers. The
BS may determine a TA command needs to be generated some time (T1) after TA frame
number 1 and a time (T2) before TA frame number 2. To guarantee coordination of the
time the TA will take effect between thé MT and BS, the BS must wait for the prévious
TA frame number period to expire to generate the request at time (T3). The result is

when the TA requirement is recoghized at time T1 the delay to coordinate the TA



the BS reception wi ndow shifts as well. Conventionally, the BS controller
cont i nuougl y @gﬁjtors the TD for each MI independently and geRéAugusc20d
commands I'1* S4PAfice of the all oved physi cal reception w nd&A/ GiLMAep36
exceeded. [0021] The logic used to generate TA conmmands i nfrequently nust
al so take into account the possibility that radio transm ssion failures
can cause TA commands not to be received by the MI. This requires a fast
and determ nistic way to recogni ze when the MI has not perfornmed the TA
adj ustnment .- [ 0022] The TD and TA can additionally be used to determ ne the

| ocat i oradpiistidEt is gBeateethancory pngaiuniierdeA p¥riod, AfbatahE T 2ttﬂetd|3?a kﬂ?_éﬁ” ce

between an MI and a BS, the TDs from several BSs for a particul a can

be used ate rq angukation the ML |ocation. [0023] In order to
pr oducetggﬁ]?ﬁéékﬁugﬂgéﬁiﬁp?lﬂo onnection with maintaining the reception
wi ndow, m nim zing signaling overhead and geol ocation, it is inportant to

know the TA for the tine slot the TD was neasured. Applicant has recognized
that one nethod to acconplish this is only to allowthe TA to take affect

in the WMjoBr sPENTAPetivd) <I@BAlI tiftk o Al TAPL g [dinate
TA adj uggrrzéﬂt iﬁqtlhe %k% an%l D rrggggr%et?r)en | r?Afhgég:ﬁthgggl gbﬁgﬁ%?ong
sequential radio frane is difficult since the tine of reception and -5 24
August 2004 WO 01/ 7829 PCT/ USO /10986 processing in the MI of the BS

generated TA comand is not known to the BS controller. One conventional
met hod [G028) onl y Agiplivanshidsretopmivzed tat Bes hetheddls @y or DR EBERThAfon iRE ©

the radio franes are sequentially nunbered, periodic sequential ftrame

specified frame number TA periods results in excessive TA delays that can be avoided.
For example, excessive delays can arise due to the potential for failed radio transmissions.
In this case it is necessary to rccogniée the failed transmission ‘in the BS controller as
quickly as possible so that a new TA adjustment command can be regenerated. Using the
frame number TA period method, the BS Controller will wait for subsequent TD
measurements following an expected TA adjustment to determine if a TA command
needs to be regenerated. This case is shown in FIG. 5.

[0029]. In ’this prior art example, the BS controller, after receiving a TD' for
cotrection at a time T0, must wait for a subsequent TD measurement at time T1 that
indicates the TA adjustment did not take effect. The difficulty with this signaling method
is that the BS controller does not know exactly which TD measurement identifies the TA.
adjustment failure. As a result, the BS controller in order to minimize TA commands

must wait for the worst case TA adjustment delay before regenerating a TA command

base on the received TD measurement.



nuﬁbers are conventionally used. However, the period needs to be
excessively large to guarantee that the TA command can be prodé8sesut30p4
advance of wdnei/mers periodic TD neasurenent. [0025] To det ?%ﬁi‘{l}lgg TA
fame nunber period necessary to coordinate the process, th e

| atency between BS controller generation of the TA command to M
processing nmust be used. This is the mnimmperiod necessary to guarante
TA adjustnent on the next TA frame nunber. For this case, the BS
controller needs to initiate the procedure i m*red: ately }‘ol | owi ngTZhe

revi ous rame nunber period. This effectively results in a

gdj ust mer@%l ay ofAngtheppriorartzolytiqubas theMT canfirmeatTA eemirehel as[sho2a]
As shown-'in FIG 4, the worst case |latency from BS generation to M

processi g PIG} e %@tﬂiﬁus&;ﬁmﬂblegm%dts%ﬁ hﬁetmfg@i?ﬁﬁﬁ%o{ Q\Fili Wult in

nunbers. The BS may determ ne a TA command needs be gener at ed sone

(T2) aftgé TA f.ranme ) before TA frame nunber 2. To

guar ant e&CLHBTYEHQE Pg &%&%ﬁgpaﬁﬁ% Utment Salure wil be rpeagnised fastenr

and BS, the BS nust wait for the previous TA franme nunber period to expire

to gener then whitingefpwehe Tat fitairendrhByr pdiied teenplite.i Flowhser e féﬁtér%%ﬁﬁ? nt
S ?ecogni zed at tinme Tl the delay to coordinate the TA -6 24 August 2004

01/ 78 . ' L 1s.dareater than one f.rame.nu TA
\é\‘e)ri od, an %@P%Q%ﬁgw@agiﬁ@%@a} SHECGSNGY ?%aﬁgﬁ%@nﬁ*ﬁ‘%gmﬁs.
[0027] (EN TA perjod) < (actual time to adjust TA) < (2(FN TA
peri od) ) Ijindesyabls, pingeaprippry ebisctivaats togedipe thed'A kammind fregubnekl ogy
for TA coordination using ' _ '

10031] Accordingly, there exists a need for a system and method that allows for

fast and efficient radio frame timing adjustment without excessive command signaling

requirements..
[0032] SUMMARY
[0033] The preseni: invention is directed to a system and method for reducing the

| latency from timing deviation (TD) measurement to time advance (TA) adjustment. The
invention uses a deterministic procedure to- coordinate time advance (TA) commands and
timing deviation (TD) measurements so that failed transmissions or mobile terminals
signal pfopagation changes can be recognized and corrected muc;h more rapidly. Radio
resource efficiency is maximized by minimizing signaling overhead through effectively
reducing the frequency of time advance commands. This is accomplished by speciﬁring
particular radio'.ﬁ'ames for time adv.ance (TA) adjustment by including a Connect Frame
Number (CFN) in TA commands. The potential for timing deviation (TD) measurements

to be incorrectly processed is then minimized since the TD measurement made in the BS
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speC|f|ed frame nunber TA periods results in excessive TA delays that can
be avoi ded. For exanple, excessive delays can arise due to th%ﬁﬂ%ﬁﬁob@l
for failed radio transmissions. In this case it is necessary to recognize
the fail edyplopghgRpssion in the BS controller as quickly as p?é‘f){.ﬁbﬂl@%
that a new TA adj ustment command can be regenerated. Using the ra

nunmber TA period nethod, the BS Controller will wait for subsequent TD
rreasurerrents foI | owi ng an expected TA adjustnent to determine if a TA

conmmand [ 9]...1
this pri or art exang?é&gﬁ%gé %ﬁ%ﬁ?@?ﬁ% tergﬁﬁﬁgh\%lﬁé’%tgy rﬁ%&e Ly the
correction at a té%dre must walt for a, subsequent TD neasurenment at tinme
Ti that iMds wall mh@hpmea@fn@tthéﬂmwa@aﬁtatallmawsadrect. The difficulty
with this signaling method is that the BS controller does not know exactly
whi ch TD rfees4]r ementiniadesidahi® fithheneldspeatbfitePatent dventidn, ﬁ@r@ﬁ ided a

the BS controller in order to nmnimze TA commands nust wait for the worst

TA t t . del bef t TA b t
¢ eoci ved HOUMRAERRLE, s 357 ERERELE i Palpholtd rowtifsotrignk (M)

[ 0030] Another prior art sol ution has the Mr conf| rm each TA conmand as

shown i n Wircgless bifirectinnal esmmmpirdcatéonsi mizothe arilizhior Adfcanfadioretime foirdat
result in retransm ssion of the TA command. The TA adj ustnment failure wll
be recogniizgsh ?e?iuﬁt lh [ f
expire. Howeveé ftia agbgﬁ%'?g@gggﬁgfadﬁggﬁ es‘:r ag s‘ﬁ'}g rr;ﬁs ﬁghp%l ceﬁ}atsémﬁtggh

signal i nggsl nce every Cf)mrang,e%s confirmed. This |s undesi rabl e, since a
primary odPeliensRItfingsslochiysbelormatied commmunisatipn glatttoyMTs within system radio

frames, and a receiver for receiving communication data from MTs within system radio
frames, and a timing advance (TA) signal generator associated with the BS for providing
TA command signals for transmission by the BS to selected Mts, the communications
system characterized in that, the BS receiver has an associated processor for measuring
timing deviation (TD) of received MT transmissions in identified radio frames in which
communication data is received from a selected MT, the TA command signal generator
generates TA command signals which include, TA data which is calculated based upon
measured TD in an identified radio frame for a selected MT, and a Connect Frame
Number (CFN) specifying a particular radio frame for effectuating a timing adjustment
by the selected MT, and the BS processor measures the TD for communication data
received from -a selected MT to which a TA command signal had been transmitted in the
frame specified in the CFN of the transmitted TA command signal.

[0035] Typically, TD measurement is monitored for all radio frames. The BS

processor associates the respective sequential frame number with each TD measurement

9.



[ 0031] Accordingly, there exists a need for a system and nethod that all ows
for fast and efficient radio franme timng adjustnent w thout %Rﬁ%ﬁﬁﬂzﬁﬁh
command signaling requirenments.. [0032] SUMVARY [ 0033] The presen

i nventionwgofhhested to a system and nmet hod for reducing thepd,@g@l%ﬁsd‘rom
timng deviation (TD) neasurenent to time advance (TA) adjustnent. e

I nvention uses a determnistic procedure to coordinate tine advance (TA)

commands and timng deviation (TD) neasurenents so that failed

transm ssi : ' ' S I1.@; .

r ecogn 23833%&?@;%#??@%% %ﬁ%ﬂ?ﬁ%?%d%h Fgﬁ?‘ﬁﬁ%&%ﬁb@%ﬁi@ é‘?%t _ gi?‘%‘% f’ffs@dﬁaﬁ%% ;’Y‘t’é‘:] e
maxi m zed by m-nim zi ng signaling overhea rough effectively ]

f r equency €8€h {ReAsUEENente d IguRgadyancerl 4) i@%@@&bﬂﬂ@s&@tﬂ@tﬁdﬁé@ibaﬁ? iséption
particular radio 'frames for tine advance (TA) adjustnent by including a
Connect Frafiolldbitiaeks hsdolatéd with GRIBBE TSy Pf@ﬁdmig T hdfusfrAént! ddthfdnds for

deviation (TD) neasurenents to be incorrectly processed is then mnim zed

since the TD neasur nt edn e BS -8 2 ugust 2004 01/ 78259

T Usor/ ToosRTRuH BRERBRRIF b MLS TheiTA duflanioofiand Eradiefet cenerates
adj ustnment was to be nade by the MI, will reflect whether or not the TA
was act ualli adjmgsmm@onpnmﬁ] whichdoduode drec EAvadjistoest ealpeatalaflated dagsdesport
i nvention, there is provided a comunication systemfor supporting base

tati : e el e . : :

via the ur PRI WRCETA TANOhmhlS AR T AR CPI Rl |
t io f i Si BS  havi transmtter_ for transmitting

ST ect] veRgL dr s st RGBS o BOGoN L RTaeHineh e Nambsr (CFND

specifying a particular radio frame in which the selected MT is to make the timing

adjustment.

[0036] It is preferred that the TA signal generator only generates a TA signal for a
selected MT when the measured TD of a transmission received from the selected MT does
not fall within a selected timing synchronization range, i.e. a TD threshold. Such a TD
threshold is preferably selected to correlate with the physical reception window of the
MTs and BSs.

[0037] After the BS controller transmits a TA adjustment command to a selected
MT, the TD measured for communication data received from the selected MT in the
frame specified in the CFN of the transmitted TA command signal is analyzed to
determine if the TA adjustment has been made or if a new TA command is required.
Normally, a new TA command will be immediately required only if the prior TA
command did not successfully TA adjust the selected MT. Otherwise the TD

measurement for the CFN frame should be changed by substantially the same amount
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frames, and a receiver for receiving communi cation data from MIs w thin
systemradio franes, and a tim ng advance (TA) signal generat%Ag?ﬁ%' ted
with the BS for providing TA command signals for transm ssion by e to
sel ected Nygo14$8e cOMunNi cations system characterized in thaﬁmﬁﬂﬁ/%
recei ver has an associ ated processor for neasuring timng deviation )
of received MI transm ssions in identified radio franmes in which

comuni cation data is received froma selected MI, the TA conmand si gnal

ener at or epat T. l.gn | i e A d i gh i:s
gal cul ated”’ %lgse ug?)xn d%nng{g%uﬁer\gagrﬁgi ?\I{fgcrﬁ:%%thf)ﬁﬁegﬂia‘ﬁﬁﬁlq ?@%Ewoﬁugshold.
sel ected MI, and a Connect Frane Nunber (CFN) specifying a particular
radio fraf@03@F ef f dotaecordence with agother aspeenof thy presenteinsengion)ithersends
the BS processor neasures the TD for conmunication data received froma

sel ected WolRiea GHobild Aeri@iRHR (WITY 03 cBafSeRidd Spseh {x?xgc&ia Eﬁlﬁﬁ&s bhaare

specified’in the CFN of the tra TA conmand signha

Typically, ,TD rement i s nonj d for all radio frames. The BS |
processor Sﬁmﬁsﬁé m iﬁ‘r t&‘g%egk &@ﬁéﬁﬁ@f%ﬁ h—fﬁlie&i%a@naﬁ%@mwupﬁtl%%ma@e
measur enent 24 August 2004 wooi n8259 PCTI USO01/ 10986 of transm ssions

recei ved iuilzatiediod o radie fitdhes &rna Havid sdquratiallyiidentfied sysbrdradis frargash
measurenent. Tim ng advance (TA) conmands are generated by a base station

controller h& .8 ' ] t s. for providi T | Ust rent
conmands f%lﬁg}gtarﬁgﬁ gﬂ%?ﬁﬁ%%%%twﬁy&gﬁt@anﬁm#% d%%l EHA}\)E@% Wéﬁ?tm E4Ehd
generator generates TA adjustnent commands which include the TA adj ustnent
val ue, calradioafremesathaimobale terménatloddT) eomprising cetrasrhittox amhamadseciated
adj ustment and a neasured TD for a selected MI. TA adjustnent conmands

al so incl m_@c@ssgp fé}eﬁahﬁﬁitﬁh%wrg%lé\&mw fﬁl%%%d télaﬁ%fﬂrl%ﬂiwﬂoﬁ Bt S BSwitRH ©

frame in ich the sel ected I's to ‘make

system radio frames synchronized by said processor and a receiver for receiving
communication data from the BS within system radio frames, characterized in that, the
MT receives timing advance (TA) command signals which include TA data and a
Connect Frame Number (CFN) specifying a particular radio frame for effectnating a
timing adjustment by a MT, and the MT processor adjusts the timing of
communication data transmitted by the MT processor in response to TA data in a
received TA command signal commencing in the radio frame specified in the CFN of
the received TA command signal.

[0039] The communication system preferably also includes a geographic locator
associated with the BSs for determining the physical location of the MTs. In using
conventional triangulation, two or more BSs measures TDs with respect to
communication data received from a selected MT in a specified system radio frame.

However, using the TD measurements alone to calculate MT geographic location will not
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adjustnment. [0036] It is preferred that the TA signal generator only
generates a TA signal for a selected MI when the neasured TD 6§ AQuust 2004
transm ssion received fromthe selected Wdoes not fall within a e1 ected
timng syngbypenszati on range, i.e. a TD threshold. Such a ' DPCY)SIS@ﬁﬂ?k@ IS
preferably selected to correlate with the physical reception w ndow of the
MIs and BSs. [0037] After the BS controller transmts a TA adj ustnent
command to a selected MI, the TD neasured for conmmuni cation data received

fromthe ' S £ ' ey '

T command e iane fin deblidd Soalf FEheTOEErRE Ha tehfl 1R dcihorelul i T b
made or if a new TA command is required.  Normally, a new TA command wil |
be i medi dbgerigmdhe el obthg MT's t tiensmissiony are saawintor giitualdy adluedie Stamesy
TA adj ust the selected MI. O herwise the TD neasurenent for the CFN frame

shoul d be sghantehchial TR B TAl dfthehfiostieBe®PAHomrhAnd 4ighad gﬁ&%e%sz@ngqt
01/ 78259 PCT/ US01/ 10986 which the TA command was to effect” and shou fa

ithin th D hol d. 03 8] .l cor ce With anot her aspect of .t
br esent 1 odi M S fie TO By R HERC v Soiiamads cramsiepopure of a TA
comuni cati on system whi ch supports base station (BS) | nobile term nal

(MT) wi r eleessmbnd i kremtn apsbor asthaimeasired S’ ifar thieeCFMt firdne a¢ tlhecketl wahichdi 0
frame format having sequentially identified systemradio frames where a BS

radr o 1radser S Rl 8ITE: KBRS SRR B IPT b, JRTA Ao R in

associ at ed rocessor for transmtting selectively formatted comuni cation
data to a Z@slegatienrcalculations for the frame specified by its CFN and all subsequent frames

until a CFN identified frame of the next successful TA command. Thus, geographic
location calculations may be made with respect to any radio frame based on TA command
data which is known to have been effectuated.

[0040] In accordance with yet another aspect of the present invention, there is
provided a method of synchronizing communication data at a base station for a
communication system supporting wireless bi-directional communications between
a base station (BS) and a plurality of mobile terminals (MTs) via the utilization of a
sequential radio frame format having identified system radio frames, where the BS
transmits selectively formatted communication data to MTs within system radio
frames and receives communication data from MTs within system radio frames, and at
least one mobile terminal (MT) transmits selectively formatted communications data
to the BS within system radio frames and receives communication data from said BS
within system radio frames, the method characterized by, measuring timing deviation

(TD) of communication data received from a selected MT by the BS and performing

-12-



systemradi o frames synchroni zed by said processor and a receiver for
receiving comunication data fromthe BS within systemradio % 2004
characterized in that, the M receives timng advance (TA) command sighal s
whi ch i nchiyggJhsslata and a Connect Frame Nunber (CFN) speci%&,@g 0986
particular radio franme for effectuating a timng adjustnent by a , and
the MI processor adjusts the timng of comrunication data transmtted by
the MI processor in response to TA data in a received TA command si gnal

conmenci ngy/ . ' ecifl [ . recehy A .
command ot ApHOFIREGeh BHER BRFCa R T WBer e i REINTEd [fuine,
geographic | ocator L associated with the BSs for determ ning the physical

| ocation &ynelgenintion ranggsigegerativgvent Aopemmandasigopbhmwlieh ineludes, Hér dapss
measures TDs with respect to comunication data received froma sel ected

MI in a spekufdaibsyst @by & Mehains® TD IRy %mrﬁﬁﬂﬁ@ﬂ:idlrf‘ngﬁ[}e%ﬁéﬂ rﬁ%ﬁ”%/}%e

al one to cal cul ate MI geographic location wll not -1 August 2004

01/ 78259 PGT/ 0986 produ an curat ult if.the M. signal. has
been Ta adrBSIREM AR & honnpadae KaTRF {GRRD:smectfings ppgichie Hadio Rame
transm ssions are known for virtually all radio franmes, since the actual
TA i s t he fareffectnatingre simingaeifiustant bynttmn selettgd MTs transmnitfing lye TAncomhreariche
MI. Since the TD for each CFN specified radio frame is evaluated, failure

Chocked whTR 13 O SPRNAIAT, 3008 EA GG NER i eedlel SRR SEIERIPME,

TA val ue i aj used in geol ocgt I on calcul ations for the_ frame specified by
its CFN afdiustingsthes Sguag: of reorpaunigation data-trangevitted i tsa the asaleesed t NEL nisxt
successful TA command. Thus, geographic

response to the TA command signal based on the TA data and commencing in the

radio frame specified by the CFN of the received TA command signal, and measuring
the TD for communication data received from the selected MT in the radio frame
specified by the CFN of the transmitted TA command signal. The TD for data
received from the selected MT to which the TA command signal had been transmitted
1s checked for the radio frame specified in the CFN of the transmitted TA command
signal to assure the TA command was effected in the selected MT. Preferably, the
TA command signal generation, transmission and the associated TD checking is
repeated when the TD of a transmission received from the selected MT in the CFN
radio frame does not fall within a selected timing synchronization range or is not
changed by an amount virtually equal to the TA adjustment, since this would
indicate a failure of the selected MT to implement the previously transmitted TA
command.

[0041] In accordance with another aspect of the present invention, there is
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| ocation cal culations nmay be made with respect to any radio frame based on
TA conmand data which is known to have been effectuated. [004%AL£1st2004
accordance with yet another aspect of the present invention, there’is

provi ded ayaRjhedy of synchronizing comunication data at a bagergisatigege f O
a conmuni cation system supporting wreless bi-directional comrunications

between a base station (BS) and a plurality of nobile termnals (MIs) via
the utilization of a sequential radio frame format having identified

systemr a%erfJgﬁ”&%ngm%vg %ﬁpﬁﬁa&ﬁi{c@#&"ﬁ&tﬁ% L UhyEi% IQHRGE SMT) in a

conmuni cat’l on dat a S radi o rames and recei ve
communi cation data from MIs wiithin systemradio frames, and at_ |east one

mobi | e t eCHIHEHNICRHYN sysipmnhawing el plutalife by bags siatieesi(BSHrawpperting wireless Di-

to the BS within systemradi o frames and receives conmuni cation data from

sai d BS WiteltionsVBS AT RtirBuhicaiBiss vinBe TEIAAIICHRL 3&hRhZRAIRY frafRASHaNY
timng deviation (TD) of communication data received Troma selected Ml by

For | ow no 1abas it &' Fen et BiméBbeloing SR ansemil sleckvety Bimeatiichg

synchroni zation range, generating a TA command signal which includes, TA
data cal cohanedichterdataioMThsviteasystent radicoframke and nenenveceomomndation data
received fromthe selected MI, and a Connect Frame Number (CFN) specifying

el act e M VAN QB R sebiadi, NESKUAhY e INTMIES Fphottl FERPU Ry Ofingtted,

comuni cacoBBRCA O AAT? HisBhy Wi SHHER A Fanies PAgpomee ComTRICation

command signal based on the TA data and commencing in the
data from the BSs within system radio frames, the method characterized by,
communicating timing advance (TA) command signals to a selected MT which signals
include TA data and a Connect Frame Number (CFN) specifying a particular radio frame
for effectuating a timing adjustment by the selected MT, measuring timing deviation
(TD) in each CFN specified radio frame of communication data received from the
selected MT by a BS to determine whether each respective command signal was
successful, measuring timing deviation (TD) of a received MT transmission from the
selected MT in a selected radio frame by the BS, and using the measured TD from the
selected radio frame and the TA data of a most recent successful TA command signal
transmitted to the selected MT to calculate the geographic location of the selected MT.

[0042] Other objects and advantages of the system and method will become

apparent to those skilled in the art after reading the detailed description of the invention.
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radio franme specified by the CFN of the received TA command signal, and
nmeasuring the TD for conmunication data received fromthe sel %I&ﬁ%m%&in
the radio frame specified by the CFN of the transmtted TA command signal .
The TD f ony@ai/agass ecei ved fromthe sel ected MI to which the Tﬁcf@mg%
signal had been transmtted is checked for the radio franme speciftied In
the CFN of the transmtted TA conmand signal to assure the TA conmand was
effected in the selected MI. Preferably, the TA command signal generation,

transm ssi nd the a i E]'ﬁﬁ i i the TD of a
transm ssi[ggz@ecei ved ??%%Eﬁlgﬁsse ec?ﬁ%@ﬁi@mwgm@r ane does not
fall within sel ected timng synchronization range or is not changed by
an anount [Opﬁ%ﬂual |y ElFala i arseaenmtiafimingsdiagramnekradip Srame i¢cephoncand
a failure of the selected MI to inplenent the previously transmtted TA

command. [t@a@léﬁﬁssimm&ﬂﬂ@matmviﬂmwgﬁaﬁg%ﬁaju@ﬁnérﬂe present invention,
there is -13 24 August 2004 WO 01/ 78259 PCr/US01/710986 provided a net hod of

geogr aphi | ocaty mohi | e term nal. ina. C ni cati on, system
having o S0 | oy oG, 20 A schshEiRing tidasefh fgralip dratus Theeption and
directional BS/ Ml communi cations via the utilization of a sequential radio
frame for fsnsmissiomat a bhsa statioadvithmtt any timding afljustreentwher e t he BSs transmit
selectively formatted conmunication data to MI's within systemradi o franes
and recei nmuni 10 WM B . [

wher e the NP rans M Og2h S Rohiphafic it bhidtamor o Mo LBty
BSs within s#%;em radi o frames.and recgei,ve comuni cation data fromthe BSs

within sydRERYSSINAtAHARUe terpinalay it BiRg AAENsE; zed by,

[0047] FIG. 2b is a schematic timing diagram of radio frame reception and

transmission at a base station with a timing advance adjustment.
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comuni cating timng advance (TA) conmmand signals to a selected MI which
signals include TA data and a Connect Frame Nunber (CFN) specif§ngust2q04
particul ar ek ane for effectuating a timng adjustnment_by the

sel ected M, malg’g%ﬂrrgi ng tining deviation (TD) in each CFN spE‘Ei{Wﬁ@H“’Pﬁﬂi 0
frame of communication data received fromthe selected MI by a BS to

det erm ne whet her each respective command signal was successful, neasuring
timng deviation (TD) of a received MI transnmission fromthe selected Ml
in a selected radio franme by the BS, and using the neasured TD fromthe
selected radio frane and the TA data of a nobst recent successful TA command
signal t [@R]i t t ed RIG.tdis apdllastrationdf a oorednticinal Sntendodatamad guard pegibdon
of the selected MI. [0042] O her objects and advantages of the system and
met hod wi ki bigeome apparent to those skilled in the art after -reading the
detail ed description of the invention. 24 August 2004 WO 01/ 78259

PCT/ US01/ [0043]. BRI.EF DESCR| PTI ON_OF THE DRAWNG(S) [0044] FIG laiis
a schemat E@‘?‘&ﬁmng g’ﬁgﬁd‘iﬁ‘ Hmipgdiagramofa coveantiongimeadjustmesimetliodbastda

nmobil e term nal without any timng adjustnent. [0045] FIG Ibis a

schemat i coniperiogdicdfrageaninttierr adi o frame reception and transnission at a
base station without any timng adjustnent. [0046] FIG 2a is a schematic

erm nal BT  mi nbt G ok it S8 PRt Himing SDCu TR oA gL easRdm
of radio franme reception and transm ssion at a base station with a timng
advance atjtuassmassion pudenthe sonveionabnethddibstREt iddGgnides6
[0051] FIG. 6 is a timing diagram of an altérnative conventional method of t‘iming
adjustment utilizing command confirmation signaling.
[0052] FIG. 7 is a timing diagram of frame number synchronized time delay
‘measurement and t-iming adjustment in accordance with the teachings of the present
invention.
[0053] FIG. 8 is a timing diagram of recovery from failed timing adjustment in
accordance with the teachings of the present invention

[0054] FIG. 9 is a schematic diagram of a communicating system made in

“accordance with the teachings of the present invention.

[0055] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0056] The embodiments will be described with reference to the drawing figures
where like numerals represent like elements throughout.

[0057] Referring to Figure 9, there is illustrated a communication system 10

comprising a plurality of base stations (BSs) 12 which conduct wireless communication
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[0048] FIG 3 is an illustration of a conventional tine slot data ando&t!Jard
i me

eriod str 0049] FIG 4 is a timng diagramof a convéhfPrgud
gdj ust nent @ﬂ%’ﬁ”ﬁ%‘sed on periodic frame nunber. [0050] FI GCTAIS04/18986

tinmng diagramof tinmng adjustnent command failure and retransnissi on
undergt he gonventional ?ret hod illustrated in Figure 4. [00511 FIG 6 is a
timng diagramof an alternative conventional method of timng adjustment
utilizing command confirmation signaling. [0052] FIG 7 is a timng diagram
of frame nunber synchronized tine delay neasurenent and tim ng adj ustnent

i n accor dawith mobile tehrainaba@ITep $4.0EadHBSRORSES witdle: %hﬁﬂun%cgﬁﬁﬁé Witk s

is a timng diagramof recovery fromfailed ti mngtfa jus'(t)(r)rgz e o i A
accor dance., yi . hi of, the present .invention :
achenat 1 o A soetdib 880, R Bl dris ASHIN bavesome Ovestam. cihese AL i o
teachings of the present invention. [0055] DETAILED DESCRI PTION OF THE
PREFERRED 1EABCF1lENTe8) bi-dicasRinalitememniition it gensically SsndiRted bpat BE hiving
reference to the drawing figures where |ike nunerals represent |i ket

: ; [ ' e.ds.illlustrated a
Communi cat oot oigdHik WRhSHE MIT. | WHeLFHIEodnd BiCheuih ¢ e digias

' | es ication, -14 WO 01178259 24 August 2004 _
‘F“,’“C'Tf Bsgg?%%%gm&,%mn off' of the communication occurs. Desired parameters and procedures

for effectuating "hand off" are well known in the art.
[0058] Ina preférred system such as in accordance with 3G wireless protocols,
node Bs 16 are provided in a physical\‘br logical connection with the one or more BSs.
Aradio network controllér (RNC)17, to which the node Bs 16 are connected, controls the
BSs and coordinates communications over the communication system 10. Multiple
RNC'S 17 coordinate communications for different BS groups in an extended system.
| The RNC 17 inc!udcs a BS controller which controls the BSs within the node Bs.
Preferably the RNC 17 includes an MT geographic locator, but it is not required that the
geographic locator be implemented in the RNC 17. |
[0059} Each BS 12 preferably includes a transceiver 20 with an associated antenna
system 22 and BS signal processing circu‘itry 24. Each MT 14 preferably includes a
transceiver 26 with an associated antenna 27 and MT signal processing circuitry 28. In
lieu of transceiv.ers, BS and MT transmitters and receivers may be embodied as separate
components.
{0060] Downlink communications (DL) are processed by the BS processing

circuitry 24 and transmitted via the BS transceivers 20 from the BS antenna systems 22
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with nobile termnals (MIs) 14. Each BS conducts w rel ess comuni cati ons
with MIs in a geographic cell, which cell areas normally hav e 244 pgust 2004

overl ap. - 14 is in an overlap area, bi-directional

cormmuni cam{%%@}ﬁger ally conducted by the BS having the sR¢HH§ES8G gnal
link with the MI. Where a second BS begins to have a stronger signal Iink,
"hand off' 'of thcommunication occurs. Desired paraneters and procedures
for effectuating "hand off' are well known in the art. [0058] In a
preferred system such as in accordance with 3G wirel ess protocols, node Bs
16 are provided in a physical or |ogical connection with the one or nore

BSs. A rafbreesvptionbly thoMTol4. eUplifiedbmhtunitatioty (UL Yde naasiaiths f%@g(rﬁh@MTs
e

connected, controls the BSs and coordi nates .conmuni cati ons over

conmuni cat } on em 10 tiple RNC s,17 di nate co Lcations .for
di fferent r [ _

4 20 EN BT i e TS eBnBae e o2 Ind Y GbReR Rl e Baseaations
controller which controls the BSs within the node Bs. Preferably the RNC

17 includkd an MI geographic locator, but it is not required that the
geographic |l ocator be inplenmented in the RNC 17. [0059) Each BS 12

pr ef er abl ppoigtF! udestge fﬁsﬂ?%%syﬁ y& %qfirgg%nﬁ@w?%é}ﬁ&ﬁ@r‘ﬁg ﬁgrﬁ‘lg&?% ng,gigagséz

and BS signal” processing Circuit prefera

transceiy with an associated_antenng 27 and, MI' signal processing
circuitr ﬁé@ﬁ%fﬂmpwaapnﬁ F&ﬂ%{ﬁIWPé ra@g fxame %ﬁrmtah@mg faHEplentme slots,
receivers may be enbodi ed as separate conponents. [0060] Downli nk

comuni cavhichsfofiita) ivusedoneesEtembyiddBadiS for ala884 B6ntr6lléd iyt thy RYCANG.
transmitted via the BS transceivers 20 fromthe BS antenna syStens 22 -15

24 AUQUStPr%?eQa“bl\ﬁPth%Wg?d IE: el, H?%%/o%&%gg this implementation.

'[0062] Within the radio frame format, each radio frame is assigned a sequential
number which enables the processing circuitry to identify specific system frames in the
wireless BS/MT communications. The BS circuitry 24 is configured to measure recéived
" time delays (TDs) such that each TD measurement is identified with the respective radio
frame of areceived MT transmissions, i.e. uplink communications. The sequential frame
numbers of the radio frames are used for this purpose.
[0063]  The BSs provide TD data to the BS controller of the RNC 17 which
preferably includes TD measurement data recorded at the BSs, identification of the MT
which ﬁlade the measured UL transmission and the 'system radio frame number in which
the measured UL transmission was received. When the TD measure.mént data exceeds
a specified threshold, the ﬁS controller generates a TA command for the respective MT.
A conven'tional intelligent algorithm is used to determine direction and speed of the MT

with respect the measuring BS based upon TD measurement.
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for reception by the MI's 14. Uplink comunications (UL) are tran m'tt'sgl
f.romthe Migyqg dffe3kf received via the BS antenna systenms 22 and? pegust 2004
transceivers 20 of the base stations  12. [0061] The BS proc&43V¥1/10986
circuitry 24 inplenments the formatting of wireless BS/ MI' conmunications
into a selected radio franme format having nultiple tine slots, which
format is used on a systemw de basis for all BSs controlled by the RNC 17.
Preferably, the RNC and node Bs coordinate this inplenentation. [0062]
Wthin the radio frame format, each radio frane is assigned a sequenti al

nunber whi[@@64Inabl ePreferatplyo dhs scorgminication’ Yini® sidte Hdviey asgﬁé‘idf ?&i&blséf'?
frames in the wreless BS/ MI conmuni cati ons. The BS circuitry 24 1s

configure : el ' el,ays (TDs) .such .that each TD

neasur eme tréclﬂa'st |Seﬁ?iellp ?é@ Wﬁﬁnt‘ké{&%gp% S’l‘?ﬁg PSRN MYIHRWoMAYese c &hg BDMT
transmssions, i;:e. uplink communications. The sequential frame nunbers of
the radi othtesheld isprefersbly slighttyrshorien thansthe phosiearedtystiRwintow had takes fiatod

to the BS controller of the RNC 17 which preferably includes TD '

measur eneagodtitt Fall @ Mjdsthetits hhE tRRS to HERRL faﬁlhﬁ@%ﬁ@&gﬁ@%ﬁg@@m whi ch made

the neasured UL transm ssion and the systemradi I'n which

t he rreasug(ﬁ&#L tragfqm SSi ﬁé}pwas recei ved V;glen the TD nmeasurenent data

exceeds ci fi ed\ WAl measyrempent bRy ¥ ectsthg amisinhpesitian DA thephysichl

for the respective MI. A conventional intelligent algorithmis used to

det er ni neregeptionivindendwithire theo GR For Mpartivuldr VS Befire i TRASMLLMGCRS An

based upon TD neasurenent. -16 WO 01/78259 24 August 200 PCT/USO / 109
initial TA, TA,, is made at the MT which, assuming TA, is successful, relocates the
physical reception window to a desired location reflected by a new timing deviation
measurement TD,. The initial TA, TA,, was successful if TD, + TA, is virtually equal
to TD,.
[0066:]“" The TA of the MT transmission remains constant until the next successful
TA adjustment as reflected by the measured TD. For example, an initial successful
command TA, could set the frame advance of the MT transmission to 8 units, a next TA
command TA, could command the advance the MT transmission to be changed to 3 units,
The success of TA; would be reflected in a retardation of the measured TD of a received
MT transmission of S units. If TA, was not successfully implemented, the TA of the MT
transmissions would remain at 8 units.
[0067] To establish the time when TA adjustments take place, TA commands

according to the invention specify a particular radio frame when the TA adjustment is to

be made by the MT. Thus, each TA command signal includes TA data and a Connect
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[0064] Preferably, the comrunication tinme slots have a guard p%i od of a
predeterm ned |l ength within which a physical reception w ndow pusust 2983 Tp
threshol d i ably slightly shorter than the physical reception w ndow
and takes |"E9Wiﬁ§a2§(5:ount failed adjustnents and tinme to det ediCH &P (H0EBoand
retry adjustnment. [0065] An initial TD measurenent TDa reflects the initial
position of the physical reception window within the GP for a particular
MI before any TA adjustnment. An initial TA, TAO is nade at the MI which,
assum ng TAO i s successful, relocates the physical reception windowto a
desired location reflected by a new timng deviation neasurenent TD,. The
initial TRamANumbesr ((Rpedich spdcifiel a-pafiilasradio frantd in educh the MTDIT

[ 0066] The TA of the MT transm ssion remai ns .constant until the next
successf ylee, t?.q%‘i" @3 refl ected by the measured TD. For exanple, an
initial success conmand TA, could set the franme advance of the Mr _
transmission to 8 units, a next TA command TAl coul d conmmand the advance
the MT t ri9868i ssi onUpenidetesmamiged A adiistmentds necpssary, fhe Bsscastiratier gpatatese
reflected in a retardation of the neasured TD of a received er'

transm s PA @mmandisignal wlth%t iN@RTIAG thé HE1a9 Fédutitdd/for Y BABPAR Periodec TA of
the MI transm ssions woul remaln at "8 units. [0067] To establlsh the tinme

ety dekhe e 543 @@1] St ReBied iohes ESRsel B ormhetign VS Peies st

the MI. Thus, each TA corrmand signal includes TA data and a Connect -17 24
August 2@iguit0t0EATIB T20chifiiandGentimohe MT indicates a specific frame identified by the

- CFN when the MT will perform the TA adjustment. As illustrated in the signaling flow
diagram shown in FIG. 7, when the BS controﬂe-r determines TA adjustment is necessary,
based on received TD measurements at time T1, a TA command is immediately

. generated. Only an extremely short BS controller processing delay is incurred so time
T1 is approximately equal to time T2. The TA command includes a CEN specifying the
particular radio frame at a time T3, when the MT performs the TA as illustrated in FIG.
7. The CFN is selected so that TA adjustment is applied at a time accounting for the
'expected BS controller to MT propagation and MT processing delay and that the CFN

" identified frame as transmitted by the MT will arrive at the BS with a corrected TD.
[0069] Since the BS controller specified the frame number in which the TA
adjustment was to occur, a TD measurement at T4 conducted by the BS for the CFN
specified time slot as received at the BS indicates to the BS controller if the TA was
successfully performed by the MT. .If TD of the CFN frame received at the BS is
changed by substantially the adjustrﬁent to the timing which was to be effected by the TA

command signal, the TA command was successful. If not, the BS controller can very
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Frame Nunmber (CFN) which specifies a particular radio frane in which the Ml
will effectuate a TA command. (0068] Upon determ ning TA adj ud4 August 2084
necessary, WM%EMB82¥ontroller generates a TA conmand signal PETAUSO/10986
incurring the delay required for the prior art periodic TA frame nunber
based adj ustnent nmethod such as discussed in connection with prior art
Figure 4. Each TA command sent to the MI indicates a specific frame
identified by the CFN when the MI will performthe TA adjustnment. As .
illustrated in the signaling flow diagramshown in FIG 7, when the BS

troll ' i ' ' , sed regei T
moasur et S (e tpfed 39 LahERY e BRI, ol et B SERT TS the
extrenel y, short Bac troIIerzi),rocessing delay is incurred so time Ti is
appr oxi mall%'f‘i/cgﬁi} praggy changeddistange frong ¢ sinee Howe ¥ 1 dbyCldsuane aideyw AA

the particular radio frame at a time T3, when the MI performs the TA as
il ustratemﬁmxﬂsfgna]]. The CFN is selected so that TA adjustnent is
applied at a tine accounting for the expected BS controller to Ml

pr opagat i d Mr Si el and that the CF | dentified frame as
transm tt@g)@g t he @ﬁ:@%ﬁ%o%ﬂggﬁyﬁa Irstmagnt gommandis shawnda HiG. 8. The3A
Since the BS controller specified the franme nunber in which the TA

adj ust mertommandohasc oot been PRocesasd byntrt M, ﬁiﬂﬂmrtdﬂm%'ﬁbte&m%ﬁ’ﬁ {Ohot he
CFN specified tinme slot as received at the BS indicates f'o t he BS '

GN 1 rame s NN BT b M RLL R P hebalfriont ol tun BSniifie « o
commnd whk OB LA e focited i bo B sammand, accardmale; gossLot Bty 8259
24 August 2004 . |
TA adjustment has taken place. The base station controller then generates a new TA
_(_:ommand at time T2. Since a deterministic method has been used to synchronize TA
_:gdjusuncnt to a known frame number by the MT and BS controller, very little time is
:needed to generate the new TA command signal. Thus, time T2 is approximately equal
to time T1. |
[007 1j The ability for the BS controller to react immediately upon reception of the
TD measurement on the frame number specified in the previous TA command allows
more time to gcnerate TA commands without exceeding the physical channel 'recj;-ept'i-on
' window or overwriting the neighboring time slot guard period. This results in lowering
the required frequency of TA commands and correspondingly reduces the physical
resources required to support the TA signaling function.
-[0072] The invention additionally allows for the case.of a MT that has changed

distance with respect to the BS to be quickly distinguished from the failed TA command

case. Since the BS controller specifies via the CEN the particular radio frame a TA is to
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PCT1 US01110986 quickly react to failed TA command transm ssions, and, al so,
can act to readjust MIs that have consi derably changed di st anédANgugH e
BS since tWai‘fj{sz i ssuing a new TA conmand signal. [0070] The case of a
failed TA adjustnent conmand is shown in FIG 8. The TA conkkESHAESs0t
been processed by the MI, so that a TA adjusted signal is not transmtted
in the CFN frame at TO by the MI. The TD neasurenent at the BS at tinme Ti
on the CFN frane specified in the TA command, accordingly, does not _
indicate the TA adjustnent has taken place. The base station controller

t hen generates a new TA command at tine T2. Since a determnistic nethod

has been takeeeffect, therlfPrmedsnecriiént redgivet Forthat pasidutaadid AaRe WIPEL: 7;1{“9-

MI and BS controller, .very little time is heeded to generate the new

The abi | 119 roeor Rl Fort e retBy 2L bsgbubbd By e deln Reawpingth, 5D
the TD neasurenent on the franme nunber specified in the previous TA

conmand A¢aswEemenss eutsideshe spapified thiresibdd cocomeingsin the OB spRsiTRAdiMe filahtes
physi cal channel "reception w ndow or overwiting the neighboring tine

sl ot guakdlipRtnaly idficste" '&nhﬁ\f@i ; uired fr e of TA
commands and corggs‘:%%iﬁgtier%ﬁga trI‘ZLd{:Jces t (%’ ‘Bﬁ‘d%#&éﬁﬁ@‘%ﬂ%@&?@ﬁéﬂ%éﬂ“‘?@_
support b_ge T%ﬂ nal ilnﬁ‘&é.unct i‘&g. [0072'%1 The invention additionally allows
for the RS riellyiadicatea chrngg iyMlosatina e Exen Wheee the D meastren®Sit: o
be quickly distinguished fromthe failed TA command case. Since the BS
controllef aggjmiiféd €FNispetified Chhl tffaneds bteibuiblé 36 NTT refsBatitn [he gewCra- 19
24 August 2 ' _ | ?

signal is génerated based on that TD measurement to prbducé an accurate TA fof the MT.

This is an important capability sipce the BS controller is aware of is a previously failed
TA command adjustment so that a complete adjustment can be made avoiding the nleed
to repeat the failed TA command.
[0073] For geolocation, the geolocator can employ triangulation of received signals
from a selected MT by several BSs with a higher degree of reliability. Where a selected
MT is in communication with a BS for conducting normal telecommunications, that BS
normally transmits the TA command signals génerated by the BS controller .tlo the
selected MT. Since in accordance with the invention, the TA of -MT transmissions is
known for all radio frames, the geographic location can be easily calculated by
conventional triangulation methods utilizing the known location of the BS, the TA data
of most recent successful TA command signal (or 0 where no TA commands have been
- successful), and TD measurements from one or more BSs. While it is possible to provide
geographic location based using trianéulation upon the TA, the TD measurements &om

two BSs, unambiguous geographic location information via conventional triangulation
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WO 01/ 78259 PCT/ US01/ 10986 take effect, the TD neasurenent rec ixed 3‘2(854
that part gyl pleskadio frame will indicate if the TA conmand AUZUS
correctly.recéived and perfornmed by the MI. Accordingly, TBCTERIISAent s
outside the specified threshold occurring in the CFN specified tinme franes
will normally indicate failed TA conmands, while such TD neasurenents in
other tine franmes will normally indicate a change in MI | ocation. Even
where the TD neasurenent of a received CFN specified tinme frame is
attributable to MI rel ocation, the new TA signal is generated based on

t hat TDispusudadhwhere TDameakiremantsanre wbtdired frohvat ichst thfee BBES IS an

| nportant capability since the BS controller is aware of is a previously

avoi ai nbOTHE" noea P Sy e SR RI A R TSth o BRI EBAE, on

t he geol ocator can enploy triangul ation ofreceived signals froma sel ected
MI by selsermieanmes weletive frame secapsipnediffdrencs belwdent sellsWh&he czllsedoeptiod  MI
is in comunication with a BS for conducting normal tel ecomrunications,

that BSdifferei®d ngasursiients donibifed AvigdBRnde %ﬂpﬁle%uﬁ%ﬂt?ié’l% ﬁs&eﬁ\écfeﬁ%ﬁﬁe t he

controller to the selected MI. Since in accordance w I nvent ron,

TA of ransm ssi,ons kno for all.radi g franmes, the geographic ,
[ ocat i of LHERABEreR.A S HSLAHATS B ER)eapais, DR thom determinatim th Poth Riternas
utilizing the known |ocation of the BS, the TA data of nobst recent

successbadedion therifh o the Yibland dhe SingleB8 TIO nidhsomsmentd 3t 3ailso RESWN to use
successful ), and TD neasurenents fromone or nore BSs. Wiile it is possible

to provhgmosgqﬁ p%}nhg?g\ﬁgﬁ%gé]pgalgg%%ny_si ng triangul ati on upon the TA, the

TD measturenents fro unanbl guous geographic 1ocation information

via con ent'honal triangulation -20 . . )
0075 Preferably, when a geographic location request is received, the geographic

locator specifies a system time frame in which BS TD measurement of received
transmissions from the selected MT is collected from the BS in primary communication
with thc_ selected MT, in a TDD system, and, in a conventional BS triangulation system,
also from one or more other BSs. The geolocation is calculated based upon the TD
measurements gathered for the specified time f:rame and the TA reﬂect.cd by the most
recent successful TA command effected by the se;le'cted MT. Accordingly, accurate
geographic location of MTs can be ﬁerformcd virtually at all times since the TA of the
selected MT is known from the TA command signals which have been successful as
determined in accordance with this invention.

[0076] While the present invention has been described in terms of the preferred
embodimeﬁts, other variations which are within the scope of the invention as outlined in

the claims below will be apparent to those skilled in the art.

* ¥k *
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WO 01/ 78259 24 August 2004 PCT/USOL/ 10986 is provided where TD
measurements are obtained fromat |east three BSs. [0074] |n TBbA4gps 289
wher e ther gy g3y comunication with one BS, the MI' al so neasures
relative frame reception difference between cells. The cell PFJ(E‘&?MIWG

di fference neasurenents conbined wth distance fromthe current cell as
reflected by the TD neasured at the BS all ows for geographic |ocation
determ nation in such systens based on the TA of the MI and the single BS
TD neasurenent. It is also known to use pathloss neasurenents in such

cal cul ations. [0075] Preferably, when a geographic |ocation request is

recei ved, the geographic |ocator speCLAIMSa systemtime frame in which BS
TD neasurenent of received transm ssions fromthe selected MI is collected
from t he V@Rat 3 dMinf&y i%: conmuni cation wth the selected MI, in a TDD
system and, in a conventional BS triangulation system also fromone or
nor e ot her BSé. The, geol ocation is cal.cul ated, based upon the

' TD
measur enent s gat he r%gomumﬁ@%%mm £or suppertinghase stadion(BSyAmebile terminaby

the nost recent successful TA command effected by the sel ected M.

Accor di nMT) wirelesabp dirgetigal RonembinicationyviaithdlisilicatioR 61 Q%JiQrﬁﬁge format
virtually at all tinmes since the TA of the selected MI is known from t%e

i th 1 i 2y el an S RO SR iy ohppRimeh B devingch Gabgbitiaso
in terns .of the preferred enbodinents, other variations which are wthin
the scopéoriransmiting selerdvelydonnatted edmmunicatipredatarts NFk avithin|systee radio
apparent to those skilled in the art. * _
frames, and a receiver for receiving communication data from MTs within system radio
frame_s, and a timing advance (TA) signal genglj_e;_gor associated with the BS for providing
TA command signals for transmission by the BSto selected Mits, the communications
system characterized in ¢hat:
the BS receiver has an associated processor for measuring timing deviation (TD)
of received MT transmissions in identified radio frames in which communication data is
received from a selected MT;
said TA command signal generator generates TA command signals which include:
TA data which is calculated based upon measured TD in an identified radio
frame for a selected MT, and |
a Connect Frame Number (CFN) specifying a particular radio frame for
‘cffectuating a timing adjustment by the selected MT; and
the BS processor measures the TD for comrﬁunication data received from a

selected MT to which a TA command signal had been transmitted in the frame specified

in the CFN of the transmitted TA command sighal.
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-21 24 August 2004 WO 01/78259 PCT/USO1/ 10986 CLAI M5 What is Clé?bmadz:q@' 1.

A comuni i stem for supporting base station (BS) /nobil
(M) wi reﬁgég?}g?%%%i rectional communications via the utiliz@GT¥S810886r adi o

franme format having sequentially identified systemradio franes conprising
a BS having a transmtter for _transmtting selectively formatted

comuni cation data to MIs within systemradio franes, and a receiver for
recei ving comuni cation data from MIs within systemradio franes, and a

ti mng advance (TA) signal generator associated with the BS for providing
TA conmend signal sAfarmnuaication systenbycddsdinB%o ctaifel ebadteMzed ih MRat:

communi cations system characterized in that: the BS receiver has an

associ ated pr [ L0 ioatlon 44D of received MI
£ ansm sai onoe e ragmend Sl ebfotat S Bty Pl R A4 SormeBend Figaaldor &
recei ved {ro S’Iﬁﬁ’ ected M, said TA command si gnal generator generates TA
commnds§‘§:ﬁ‘£ R ajmgasyard TDwof afsansmipsion received frainthe deleatdMibdeoes

neasured TD in an identified radio frane for a selected MI, and a Connect

Frane Nmﬁofall@@ﬁﬁhaméd/ﬁﬂﬁngsmbﬁﬁhﬁbnf 0 frame for effectuating a
timng adjustnment by the selected MI; and the BS processor neasures the TD

for conmmunication data received froma selected MI to which a TA command
signal had been transmtted in the frane specified in the CFN of the
transmtted TA conmmand signal .

A communication system according to claim 1 further characterized by:

at least one mobile terminal (MT) having:

a transmitter and an associated MT processor for transmitting selectively
formatted communication data to a BS within system radio frames synchronized by said
MT processor; and

areceiver for receiving communication data from a BS within system radio
frames; and |

said MT processor adjusting the timing of the communication date transmitted by
sgid MT transmitter in response to TA data in a received TA command signal

commencing in the radio frame specified in the CFN of the received TA command signal.

4, A communication system according to claim 3 characterized in that:
the TA signal generator only generates a TA signal for a selected MT when the
identified TD of a transmission received from the selected MT does not fall within a

selected timing synchronization range.
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-22 24 August 2004 WD 01/78259 PCT/ USOL/ 10986 2. A communi catiQn system
according to claim1l characterized in that: the TA comrand si g%f\“é’é‘r?@?‘htor

only gener ;¥@e81/®23A command signal for a selected MI when r TD of
a transm ssion received fromthe selected MI does not fall apwéﬁﬂgﬁﬂgg%

selected ti mng synchronization range. 3. A comuni cation system according
to claiml1 further characterized by: at |east one nobile term nal (M)
having: a transmtter and an associ ated MI processor for transmtting
selectively formatted conmunication data to a BS within systemradio
frames synchroni zed, by said Ml processor; and a receiver for receiving
comuni cat i on Qat a A commumicatipn Kystemyancerding 4o clainuhdurthencharacteridéd by:
processor adjusting the timng of the conmuni.cation date transmtted by

said Mr transrﬁ'lﬂnmi@@frbgg@gﬂaﬁgng B3¢, dadiehaving: recei ved TA conmand_si gnal
comencing in the radio frame specifi‘ed in the"CFN of the received TA ,

command ‘si gnal . 4. co ni gation syste ac.CO{g%qng to claim3;
characterized in t fafenspHEer: rﬁ@ﬁ%‘% estiyelpiatinajted commynication dagptg
for a selected MI when the identified TD of a transm ssion received from
t he sel ed'Es withinepstenatadiafiameis d» a sel ected tining synchronj zation
range. -23 24 August 2004 WO 01/ 78259 :
areceiver for receiving communication data from MTs within system radio
frames;
each said BS receiver having an associated processor for measuring a timing
deviation (TD) of received MT transmissions in identified radio frames in which
communication data is received from selected MTs;
the timing advance (TA) command signal generator associated with each said BS
for providing each said BS selected TA command signals for transmission to respective
selected MTs; and
each said BS processor measuring the TD for communication data received from

arespective selected MT to which a respective TA command signal had been transmitted

in the frame specified in the CFN of the respective transmitted TA command signal.

6. A communication system according to claim 5 characterized in that:
the TA command signal generator only generates a TA command signal for a
selected MT when the measured TD of a transmission received from the selected MT

does not fall within a selected timing synchronization range.
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PCTI US01/ 10985 5. A conmmuni cation system according to claim1 %‘yfjrt her,
char acteriéé)e{ﬂg}lg)/' a plurality of base stations (BSs), each ha 5t3004
transmtt ¥ransnitting selectively formatted communi 85@“&91"&{’36 to
MIs within systemradio franmes, and a receiver for receiving conmunication
data from MIs within system radi o frames; each said BS receiver having an
associ at ed processor for neasuring a timng deviation (TD) of received MI
transmissions in identified radio frames in which comunication data is
received fromselected MIs; the timng advance (TA) command si gnal

gener at or as§oci atfechmiriuinieaion systeth &Sordiag tpclawndi faghepchinractetizE&dmbbect ed
TA command signals for transm ssion to respective selected MIs; and each

T OBk B RS A AR RGP e

transmtted in the frame sg}emfled in the CFN of the respective
transni BSsosurh thetmaeasuidydl by eoneaor snengnok saidoB Ssprocessons oithiiregpect tol aim
5 characterized in that: the TA conmand signal generator only generates a

TA companfiiatod @4taecsiPb® Flotsl aNEIM&I™M T 6 1B ézﬁmﬁ Eﬁe%a FARasd gsi on

received fromthe selected MI does not faII W|t In a selecte I m ng

h -24 WO 01/.,78259 2 PCT/ US01/ 1098
synenr 0%521 c;r%rz]llcru%]tﬂ'lg the geograp 1c locat?on o the sdle ctedZMOI‘ during the specified tgne

frame in conjunction with the TA data of a most recent successful TA command signal

issued by the TA commaﬁd signal generator to the selected MT.

8. A communication system according to claim 5 further charagteﬁzed by:
a _plurality of mobile terminals (MTs), each having:

a tr.ansmitter and an associated processor for transmitting. ”select'ively
formatted communication data to said BSs within system radio frames synchronized by
said processor; and

a receiver for receiving communication data from said BSs within system
radio frames; and

each said MT processor adjusting the timing of communication data transmitted
by said respective MT transmitter in response to TA data in a received TA command

signal commencing in the time frame specified in the CFN of the received TA command

signal.
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7. A conmuni cation system according to claim5 further characterized in
that: a geographic locator is associated with the TA command 2f §Heist2004

gener at or wglpisarsd BSs such that measured TD by one or nore %fémzsglg BS
processors with respect to comunication data received from e Y

in a specified time frame provides a basis for calculating the geographic
| ocation of the selected MI during the specified tine frame in conjunction
with the TA data of a nobst recent successful' TA command signal issued by
the TA command signal generator to the selected MI. 8. A conmunication
system according to claimb5 further characterized by: a plurality of

mobi l e termni ndrs ( M spmraumigatien Syisfemaaacordingito claimed chamctsiediia tist:
processor for transmitting selectively formatted comruni cation data to

sai d BSs wit hitlle T¥Sbemmal SichhPEBSeBid ' i s39L1 And a
recei ver for receiving corrrrur%lihca ioeﬁ dafégﬂﬂﬁg%sgé%aa%gc\%nﬁh?ﬁgg%q%ﬁra
radio fr ; each said Mr essor adjysting the timng of

comuni cgag‘gwdigﬁ‘aw?‘?’éﬁémqaéﬁr&{)@ af 4 apsmasston Eeqoived: Ga saledted MT
response to TA data in a received TA command signal comencing in the tinme
frame spdoes neffallwithin Liélected tmingenyeickeshiZiowormmasd  si gnal . 24 August
2004 WO 01/ 78259 PCTCUSOL/ 10986 9. A communi cation system according to

claim 3 characterized in that: the TA command signal generator only
generates a TA command signal for a selected MI when the neasured TD of a

transm ssion received fromthe sel ected MI L
10. mobile tgrmmal (MT) for a communication system which supports base

station (BS) / mobile terminal (MT) wireless bi§directional communications via the
utilization of a radio frame format having sequentially identified system radio frames
where a BS transmits selectively formatted communication data to MTs within system
radio frames, the mobile terminal (MT) éomprising a transmitter and an associated
processor for transmitting selectively formatted communiéation data to a BS within
system radio frames synchronized by said processor and a receiver for receiving
communication data from the BS within system radio frames, characterized in that;

the MT receives timing advance (TA) command signals which include TA data
and a Connect Frame Number (CFN) specifying a particular radio frame for effectuating
a timing adjustment by a MT; and

the MT processor adjusts the timing of communication data transmitted by said
MT processor in response to TA data in a received TA command signal commencing in

the radio frame specified in the CFN of the received TA command signal.

11. A method of synchronizing communication data at a base station for a
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does not fall within a selected timng synchronization rangelﬂg. A {?BFJBI e
term nal Y a communi cati on system whi ch supports ba 3’('3"5 S)
/ nobile Weﬂrr%!ilsgfg (MTI) wireless bi-directional conmunicati %fefg 199%6
utilization of a radio frame format having sequentially identified system
radio franes where a BS transmts selectively formatted communi cation data
to MIs wthin system radio frames, the nobile termnal (M) conprising a
transmtter and an associated processor for transmtting selectively
formatted communi cation data to a BS within systemradio franes

synchr ogbrrmubization dypeor eapportirpiwdrelass didivectionalr @gamvnitgitions lbevwe ki on
data fromthe BS within systemradio franmes, characterized in that: the Ml

recei ve [ mi (T, I LS Whi Gy . . a
Connect SEPS AL By Pl BE i Ran it E0t<1 58 4 Yealpn 84
effectuating  a timng adjustnent by a MI; and .the MI processor adjusts .
t he ti nbegueasitial sacionfreme; thaving idsntifieddsysiers andio fmmmsosdwsorthe BS
response to TA data in a received TA command signal comencing in the

radi o f EaHEm#Reeleltioely Prindfte FEdMRMuAIBAISE A (M TAVHN BN 190/ frathbs A
met hod of synchroni zi Nng conmuni cation data at a base station for a -26 24

August 2004 WO 01/78259 PCT/USO1/ 109 canmmuni cati qQn stem supporting
W Dol e BN8 o RIYas BRI I PTHY SERRBSHSam s ramss: A0k SUHSt GRY o
plurality of nobile terminals (MIs) via the utilization of a sequential
radi o - fuabite feomiredl (DY) trgnsmiés selectidelyyformatied domnhumiostionstietactot the B
transmts selectively formatted communi cation data to MIs within system

radio f sy @B HAfENGEs SRITOLRIVeIbbA ML Aidd BT Mbh Wid B il R di 0
an a¥ east onhe

franes,

radio frames, the method characterized by:

'a)  measuring tiﬁling deviation (TD) of communication data received from a
selected MT by the BS and performing the following steps when the meas;lred TD does
not fall within a selected timing synchronization range;

b) generating a TA command signal which includes:
TA data calculated based upon the measured TD of the communication data
received from the selected MT, and
‘d Connect Frame Number (CFN) specifying a particular radio frame for
effectuating a timing adjustment by the selected MT;
c) transmitting the TA command signal to the selected MT; |
d) if the TA command signal is received by the selected MT, adjusting the
timing of communication data transmitted by the selected MT in response to the TA
command signal based on the TA daté and commencing in the radio frame specified by

the CEFN of the received TA command signal; and
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mobile termnal (MI) transmts selectively formatted comuni caé@égns C@fﬁa to
the BS within systemradio frames and receives conmuni cati on

said BS wi woew/msgst em radio frames, the method characterizgg. ﬁ501&3936
measuring timng deviation (TD) of conmmuni cation data receive

selected MI by the BS and perform ng the foll owi ng steps when the neasured
TD does not fall within a selected timng synchroni zati on range; b)
generating a TA command signal which includes: TA data cal cul ated based
upon the measured TD of the communication data received fromthe sel ected

MI, and 'a Conpect Frane Nt{gb t%éCFN) .specifying a particular radio.frane
for effectuaf ng dP¢ASHIARG B i QReRMIMYnicAton datageeeived fram the selectied (VY

the TA command. signal to the selected MI; d) if the TA command signal. is

recei vedimthd tadic faamt gecified ndihesCFNGofithe tranbmifed T SORTH4H s?lFle” dat a
transmtted by the selected MI in response to the TA conman gnal based

on the TA data and comencing in the radio frame specified by the CFN of
the received TA command signal; and -27 24 August 2004 WO 01/78259
PCTI USO1/ 10986 _e) neasuring the TD for communi cation data received fromthe

selected Mr i@ t hd@heanethod o chainptt filiter dipracterifddbyf the transnitted TA
command signal. 12. The nmethod of claim 11 further characterized by:

repeating stepspdatingltea®)-<) WhdtPie thefuldd Th & 4 LARSMSRILRERRE HSS dht om

t he
selected MT in step ¢) dqes not fall within the selected timing synchronization fange.

13. The method of claim 12 characterized in that steps b)-e) are performed
whenever measured TD df communication data received from the selected MT does not

fall within the selected timing synchronization range.

14. A method of geographically locating a mobile terminal MT) m a
communication system having a plurality of base stations (BSs) supportiné wireless bi-
directional BS/MT communications via the utilization of a sequential radio frame format
having identified system radio frames where the BSs transmit selectively formatted
communication data to MTs within system radio frames and receive communication data
from MTs within system radio frames and where the MTs transmit selectively formatted

| _cbmmﬁnications data to the BSs within system radio frames and receive communication
data from said BSs within system radio frames, the method characterized by:
communicating timing advance (TA) command signals to a selected MT which

signals include TA dataanda Connect Frame Number (CEN) specifying a particularradio
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selected MI in step e) does not fall within the selected tim'ng4

synchroni zat hphtange. 13. The nethod of claim 12 characteri zed? Heust7Ad4
steps b)-e) are performed whenever neasured TD of communi E&TTER1/A8486
received fromthe selected MI does not fall within the selected timng
synchroni zati on range. 14. A nethod of geographically |locating a nobile
termnal (M) in a comunication systemhaving a plurality of base
stations (BSs) supporting wireless bi- directional BSIM comunications via
the utilization of a sequential radio frane format having identified

syst em ifeathe for efffectu e Etihliiﬁﬁaﬂﬁlmh&ﬁﬁhj' thesll@téd MEy formatted
comuni cation data to MIs within systemradio franes and receive

Cranem ¢ sel aneRverg PR DetfelifhnofT bRt Gant Spenard "l Feme of

systemradio frames and receive comunication data fromsaid BSs within
syst em cagimuRcatien datareceived debne the salected MN bgya BS codsternané nhethericagh
advance (TA) command signals to a selected MI which signals include TA

dat a andegheblPOe6MmNARIEAMWE sicENfpPeci fying a particular radio -28 wo
01/T 8259®PCT/ usa / 10986g§%larre ?or J;gpflt“léct uating a timng adjustnment by the

selected MI; neasuring tining deviatign (TD) jn _each CFN specified radio.
frame of cofAHASHERE; HHQPE{PQHQB&&%&%@FWWMWSIWffgm&hwlmed
determ ne whet her each respective command signal was successful; measuring
ti m ng MViiakiselectdD)adid franecloesaidBIMarid ansm ssion fromthe selected M
in a selected radio frame by said BS;, and
using the measured TD from the selected radio frame and the TA data of a most
recent successful TA command signal transmitted to the selected MT to calculate the

geographig_ location of the selected MT.

15. The method according to claim 14 characterized in that timing deviation
(TD) of communication data received for the selected MT by a second BS in the selected

radio frame is measured and also used in the calculation of geographic location of the

selected MT.

16.  The method according to claim 15 characterized in that timing deviation
(TD) of communication data received for the selected MT by a second BS in the selected
radio frame is measured and also used in the calculation of geographic location of the

selected MT.
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using the nmeasured TD fromthe selected radio frame and the TA data of a
most recent successful TA command signal transmitted to the sé#Augusi®éddr to
cal cul at e WMee01/§28gr aphi c | ocation of the selected MI. 15. pog/iSRiiesks
according to claim 14 characterized in that timng deviation (TD) of
comuni cation data received for the selected MI by a second BS in the
selected radio franme is neasured and al so used in the cal cul ati on of
geographic location of the selected MI. 16. The nethod according to claim
15 characterized in that timng deviation (TD) of communication data

recei ved for e s cte b secopnd BS, in the selected .radio frane is
neasured and ;?So ?&3&“?%0?{”@8%@%?%?%% g‘} CBQ@QFﬁ'ﬁﬁddnltgétaﬂie(ﬁﬁ’lQﬁed AT
sel ected MI. WO 01/ 78259 24 August 2004 PCTI.US01/14986 17. The net hod

accor di ngteagutes aelative ftarreaceceptioaddiffertie beheeae!cells athdVihe RHS @S tion
relative frame reception difference between cells and the cell reception

di T er engigferBac inBARiteheftsard 2B 1RA%n'dA1cifAdiE BLoSIpARABESRM ¢ | ocation.
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