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Abstract: A system and nmethod for reducing the latency fromtimng
deviation (TD) neasurenent to tine advance (TA) adj ustnent- The i nvention
uses a determnistic procedure to coordinate tinme a

timng deviation (TD) measur V(]IS0 Aqi | edIlﬂlﬂllﬂllﬂﬂlﬂﬁllﬂlﬁlllfkﬂﬁllﬂllllﬂlﬂlIllliﬂﬂlllllﬂllﬁllll[Ill

term nal sTSi gnal propagation CnaHQEb canmbe recognrzet—anu-corTrettrea— e

nor.e rapi dI Radl o resource effici ency is maxi mzed by mnimzing

signal | i njci : ieforeeki b Y‘“ﬂedum ng the frequency of tine
advance c,gce ”S m, bl “%' (S’Ffﬁ‘i”i”éﬂg‘ﬁl ¥y using TA command signals which
i ncl ude a necﬁ 75 to specify particular radio franes

for time advance (TA) adjust rrent The potential for timng deviation (TD)
measurenents to be incorrectly processed in conjunction with-adjusting a
physi cal reception wi ndow and cal cul ating nobile termnation |ocation is
mn- imzed, wthout excessive conmand signaling requirenents.



24 August 2004 WD 01/ 78259 PCTI US01/ 10986 [ 0001] SYNCHRONI ZATI.ON OF TI M NG
ADVANCE I ATI ON [0002] This application clains priority 2804
Provi si on %ation No. 601195,087 filed April 6, 200@CTOOB8The
present inventi on relates generally to digital conmunication systens. More
specifically, the invention relates to a systemand method for

synchroni zing uplink and downlink transm ssions for time division dupI ex
and time division nmultiple access protocols to conpensate for radio
propagati on del ays. As an additional benefit, the systens facilitate
geographic | ocation of nobile term nals. [0004] BACKGROUND [0005] In the
proposed 3'd generation (3G wreless protocols, tinme division duplex

T SO o AR RN

are uni quely identified by a sequential cell frame nunber (FN). Each radio
frame is further subdivided into a plurality of uniqgue, nunbered tine
slots (TS) which are individually assi gned for uplink (UL) or downlink -

ol at Ve ER the. di iy ot oA ol BROHAT B S0 HrofisR M MM i

78 ancROR BT RE RIS BB i T et e ke wiat on (5951
{0003] The present invention relates generally to digital communication systems.
More specifically, the invention relates to a sjstem and method for synchronizing uplink
and 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.

[0006] 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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24 August 2004 WO 01/78259 PCTIUSO /10986 changes. In order to receive
communi cation transm ssions without error, the time of recepti2dAugHEN0he
known to twe ¢iegsdever. [0007] To conpensate for varying pro%q%gogﬂoﬂgl ays
and to maintain a known tinme of reception, the tine of transmssion Is
periodically adjusted. The transm ssion timng adjustnent is performed in
the MI rather than the BS since many MI's are supported by a-conmon BS and
t he propagation delay for each MI is different dependi ng upon distance. The
BS downl i nk radio frame transm ssions do not vary overtine and are used by
an Ml to nchraoni ze, uplink .radi o frame transm ssi.ons. ,[0008] The M[

synchr onPBEREG, 1R Gilck dQPeike commHICalion TaRaMIssiens ithoubermer, tedpmgaef on
del ay. The MI uplink transm ssion also incurs a propagation del ay

appr oxi medeepyion anwdt Hedkridven dovind feekiveropagati on del ay. The uplink
transm ssion received in the BSis the sumof the downlink and uplink

pr opagat i el aysm. 1.o-. fr Lon : nd reply, transm ssjon_ (UL)
oot BOUAE 2 T B nBence B SRS bRiparliom 2t B RS kR
FIG laillustrates a BS transmtted DL time slot (TS) received by the M
i medi at 8me pbracephianthedimg ofr trarsmissiod ivpetivdizally atdj¢sts). TRediransmiission
transm ssion (DL) and reception (UL) at a base station before-any timng
adj ust Meginih dthfef®ds perfd in"th! 3 55|

transm ttec} %Lda?‘tsi me sl o? i mp*r@g?alt 2?115’ @gl‘ ?%3%‘5““%‘ glle gtérigélés?hﬁ@em%ene
slot. [0009 reflected 1 FI la, the synchroni zes on.the downl ink
time sl ofUP %@Z‘&x %Wlam%ﬁgﬁﬁd%e mag@#qnh&ﬂ@x?qrtegclaMT itfesentdepending

i medi ately thereafter. As° shown in FIG 1Ib, the start of the downlink
time sl oupéd GstancenTie S dowhilink bediBSraveetimsmissions 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

-



-2 24 August 2004 WD 01/78259 PCTIUSOL/ 10986 at tine T2 and the end of a
precedi ng_uplink time slot (TS) received by the BS occurs at 24 fegufi2004The
di fferencg’cg%‘t"(ﬁ%%"n times T3 and T2 is referred to as tini nECTABPHEWEH ( TD)
and is equal to the sumof the uplink and downlink propagation del ays.

[ 0010] The TD can be identified and used to conmand the MI to adjust the
uplink tinme slot transmssion time in order to synchroni ze uplink

transm ssion with downlink reception at the BS. Since the MI is

synchroni zed to a received downlink tinme slot that has already incurred a
downl i nktuimeﬂémaatdﬂteeiﬁi@&apﬁehedihguphbdct&ﬂa@MQTS)mmeaﬂiMeBﬂ ob@hrisHE
time slots by the TD sum of uplink and downlink -propagati on delays. This is

referregd t I, i ce (TA I n as; 400 13.--.T2 = TR.=, UL
pr opag a‘?F‘SﬁF%ZTE‘i’/ Hiﬁ%@g%’@%&&&ﬁﬁ%gg 3?/&‘@2 ?‘%&P 43 tPBUﬁZ‘]‘evﬁ%tﬂ]‘?‘b&pArre
reception (DL) and reply transmssion at.an Ml after the TA adjustnent is
shown i andisGquad to thezupafshouplisk B& dowmdimktprepagationi dedays. ot fol | oned by
a tinme advanced Ml transnmitted UL tinme slot at the MI. Radio frane

transm ggie)  (DUrmehesaseld i AT R o) i

adj ustrr@r?t gl)f the transm ssio%e%ﬁgieu?hg\%n%e(?{rﬂ\tﬁcl %ggtt I Ogbcﬁ]’g:{%g\{%%%lﬁ%kBS
transmtted . DL tine, slot. imrediately followed by a ting advanced M .

t r ansni TPEF1PN trensrpission, time 1p Order tosyaehiomizeaplinlp trenymisgionyith doverlinla c e d
the UL tinme slot transm ssion according to the TA comand fromtinme T5 to
time T4recEpticieat the BSc Sincedhe MT isswichténizede 4 bedeiredaddvaslihk tiimealet thdt t he
DL propagation delay, the new MI tine slot transmssion tinme T4 -3

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

-3-



24 August 2004 WD 01/ 78259 PCT/ US01/ 10986 synchroni zes the reception tine
T6 of the BS received UL tinme slot advanced by the expected UZ4ppgnedyddi on

del ay. [00WA) T¥78259T5 - TA (sum of UL and DL propagati on del W’@@ﬁﬁ’%%n 2
[0015] TS5 = T6 (BS next tinme slot) + DL propagation del ayEquati on 16] T4
= T6 (BS next tine slot) - UL propagation del ayEquation 4

[ 0017] Accordi ngly, the TA adjustnent of the MI transm ssions results in
synchroni zation of UL and DL time slots at the BS. [0018] A BS controller
is responsible for instructing the MI to adjust the uplink transm ssion

according . ta the cal culated TA. C s for TA adjustnent generated by
FheCba odxhiyongeS the editionding T GBS mholed il e flobadvarcaidy the
i mportant for the BS controller to generate TA adjustnent comrands as

i nf r equeekpyctad Ulpprspdphation dehdyni mi ze signal i ng overhead. [0019] This is
facilitated by using small guard period (G°) with respect to the time slot
duration, within each radio frame between transnmitted data of each tine
slot. A conventional tine slot structure is shown in FIG 3. The GP avoids
si mul taneous . transm ssion and reception in either the BS or MI. A

"physi cal09¥dept i on W~ BA (separfdiL and Dibipoopagationtddlayd)i al | Eqaatidn o
than the GP, dictates the allowed timng deviation. The physical reception

wi ndow spedEsy wi thin. t hersGR s(HY nBXQRAE3IdPP IIE pR¥paddtithf8dlay| Buation 3

[0016] T4 =T6 (BS next time slof) - UL propagation delay  Equation 4

{0017] Accordingly, the TA ‘adjustmcnt 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.



w0 01/78159 24 August 2004 PCT/(JS01/10986 [0020] The neasured TD'refl ects
t he | ocat W&o%szts%]e physi cal reception window within the GP. ¥haugpst2004
provi des a corréective shift of the physical reception w nd®¢T/USAPBGt he
GP. It is inportant to synchronize the TA adjustnent in the MI and BS,
since the BS reception wi ndow shifts as well. Conventionally, the BS
controller continuously nonitors the TD for each M independently and
generates TA commands in advance of the allowed physical reception w ndow
bei ng exceeded. [0021] The logic used to generate TA commands infrequently

nust al §602@ke i nt Theaneasurdd Thereflesisithe lodayiohhfithe gﬂ&@ichh%ﬁéﬁiiéﬁ vAfRdow
failures can cause TA commands not to be received by the MI." This requires

a fast - rb Nt | QI ni.ze n e has not perfarned the
TA ad usPERrEIGRD e TARoV R £R0HEHA e MR o pwic aeen St et it ne
the |ocat,ion of MIs. Since the propagation delay is equatable to the ‘
di st anc @1HupibeqPadt igimpestaat RSyncheonizeDbe A adpistment in Bss M Band B8 strioeul ar
MI' can be used to calculate by triangulation the Ml |ocation. [0023] In

order t he)BSIUEEHRACWIRIY JNRS S RRIS Gdhxfeﬁﬂﬂﬁ&lgjrftﬂe‘ﬁst %trx{ﬂadl ?gﬁhggo@?

reception w ndow, mnin zing signaling overhead and geol ocatl :
nas r cc i B D 16F adh M ingependebiy o asnotares T Accammpndosmid oo Ta
to take affect in the MI on specifically identified franmes. [0024] The
need t othmalleivedpbysidabrticestiorewindow beimgMkcaeded[D neasurenent in
10021] The logic used to generate TA commands infrequently must also take into
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

-5-



the BS to a specific sequential radio frarre Is difficult since the tinme of
reception and -5 24 August 2004 WD 01/7829 PCT/ USO /10986 pr oc@Angngt208d t he

MI of the B% @enessated TA command is not known to the BS ¢ One
conventional nethod is to only allow adjustnents on peri odi W@#@ﬁﬁg%

boundaries. Since the radio frames are sequentially nunbered, periodic
sequential franme nunbers are conventionally used. However, the period
needs to be excessively large to guarantee that the TA command can be
processed in advance of the next periodic TD neasurenent. [0025] To
determ ne the TA fane nupber period necessarxl to coordinate the process,
t he wor sPreggsaingainethey Mobtafethe BS generated diA gommand ds it kiewit AocthenBiSd
to MI processing nmust be used. This is the mi nimum period necessary to

guar ant e cdfitroBél, UOhERBN : Rdod : h : BS
controll gr ngeds to ini tv ?%lgﬁ?he proodcgdﬁ;r gﬂ?m ?ta ']elf%gﬂ% 1cl)fsl %?A/ip%gagﬁeﬁ%e
previ ous, TA frane_nu r riod. This effectively results.in a TA

adj ust meRPY : &nq"%ﬁ? wpﬁw@wwaaemma IVF&'%"Q%’E&WO%@WWtIa{ frams]
As shown in FIG 4, the worst case latency from BS generation to M

pr ocessi nymbers dre coAventjorml iyaniedc diioweder, she peridd nigedsab WeasxcedsivédTRrge to
nunbers. The BS may determ ne a TA command needs to be generated sone tine

(T1) aft r tl bef ore TA frame nunber..2.  To
uar ant cBoaiee! BEPAis TR Borbu¥il Gl b Brdck e RBulE araBY ReBt Redbeic D
and BS, the BS nust wait for the previous TA franme nunber period to expire
t o generBifasyIgRIGNEquest at time (T3). The result is

[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



when the TA requirenment is recognized at time Tl the delay to coordinate
the TA -Gﬁ?@%ﬂ%’ﬂ 2004 WD 01/78259 PCTI USOL/ 10986 adj ust neni24 Aygugv2864 er
t han one fr mber TA period, and at tinme T2 the del ay iRCT/E94/10988e t wo
frame nunber TA periods. [0027] (FN TA period) < (actual tine to adjust TA)
< (2(FN TA period))Equation 5 [0028] Applicant has recognized that this

met hodol ogy for TA coordination using specified frame nunber TA periods
results in excessive TA delays that can be avoi ded. .For exanple, excessive
del ays can -arise due to the potential for failed radio transm ssions. 1In

thi s candjustmient sgrestsathan oo RaneniunthdrTA baiibelard AL T MR dcfhrﬁrig?e S
controller as quickly as possible so that a new TA adjustnent co nd can

be rege L ng.th fra nunber TA period nethod, the BS Controller
wil | m?ﬁé%‘?%}}#ﬁ%‘g‘?ﬁ{iﬁd’eﬂ%@sur enents follow ng an expected TA
adj ustment to determne if a TA command needs to be regenerated. This case

is showmn in FIG 5. [0029] In this prior art exanple, the BS controller,
after receiving a TD for correction at a time TO, nust wait for a, .

subsequegg27]D nE@g IR FRAbdRK (WERB] fi judtEAfa BAhHS LR 5di d
MR s Ject. YE B ffi2u|¢dy 2l tah’%%?ésdﬂééutgqﬁ‘g i K%@%?ﬁ%ﬁ&?@)ﬁﬁa%@%é BS
controll er does not know exactly which TD neasurenent identifies the TA

adjustnment failure. As a result, the BS controller in order to mnimze TA

comands nust wait for the worst case TA adjustnent delay before
regener {028 a TAAgpplivanthasresegmined it t8S fersHol SV RASEA @BBAlinatich using

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.



24 August 2004 WD 01/ 78259 PCT/ USOL/ 10986 [0030] Another prior art solution
has the MI confirm each TA command as shown in FIG 6. For thi24Asgustddde a
ti meout onwdei/dsdseonfirmation will result in retransm ssi ?‘Jbﬁ the TA
command. The TA adjustnent failure will be recognized faste SHARRge | ng
for the TA frame nunber period to expire. However, this faster recovery
requi res approximtely tw ce as nmuch signaling since every command is
confirmed. This is undesirable, since a primary objective i's to reduce the
TA command frequency. [0031] Accordingly, there exists a need for a system

and rrethl(ig :Sé]][at allows for fast and efficient radio frame timng
adj ust ment0¥}k hout Anethseprier arosetutian bagtheMEgonfiomeiack Fén¢emmande’zhown

SUMVARY [ 0033] The present invention is directed to a systemand nethod for
reduci ng it FIG! a.erEyr thidMexampley £%ith&itOh () TAERSHE ént&iﬁ' ult in

advance (TA) adjustnent. The T1nvention uses a determnisticC procedure
coordi na ti ne_advange A) co n nd ..timng_deviation (TD)

measur e n‘kﬁ?@nsggsﬁlﬂﬁp ?ﬁi‘ﬁ f OMERARG, ’gg? igsadd‘lls gf"’éh'cf@ Wil bgirecogniged faster
propagati on changes can be recogni zed and corrected much nore rapidly.
Radi o r sauwaitingf for the Yy fiamepuxinbezperidy tobxpire. Z Hotvevietndld Nt

t hrough effectively reducing the frequency of 'ti me advance commands. Thi's
I s acco LaRe [1f Vi | G r radio 'franmes far ti ad e
(75 ad) AR doRo-ARGR N sl s ting SH eyt o o i OB e it
The potential for timng -deviation (TD) nmeasurenents to be incorrectly
processe¥ e@ﬁéhlenprﬁiamngnh@'aecwee rlorrediseer theefd corttrand ficgaeisy.

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 lﬁobilc 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 frames 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

-8-




-8 24 August 2004 WO 01/78259 PCT/ USOL/ 10986 for the CFN specified r adi o
frame, in which the TA adjustnent was to be nade by the M, H(]]

whet her or not the TA was actually adjusted. [0034] In accordance one
aspect of wheipgesent invention, there is provided a comuni gaiRByf6eEem
for supporting base station (BS) /mobile termnal (Ml wreless

bi -directional comunications via the utilization of a radio franme format
having sequentially identified systemradio frames conprising a BS having a

transmtt Ny f i [ t
MTS i t hi ﬁfﬁsyse?{;m SPREAC bt T th 470k RC T PBILEE DA E) b8 Inis Bucths,
data from Ms stemradio franmes, and a timng advance (TA) signal
gener at or M?sﬁ’mﬁ ﬂﬁ? Bfwﬂlem‘éneghﬁa?Awac\apmaﬂgadm&tadommnd signals for
transm ssion by the BS to selected Ms, the communications system

charact eri[e3u]i n t hghactbelaBée Kﬁﬁlecbﬂ@ésﬁé@ﬁoﬂ Iﬁﬁém%&%ﬁ@w%‘fé% picRiided a

nmeasuring timng deviation (TD) of recei ved transm ssions in identified
radio franes_in which

he TA conumalalin sEEPLIor SupBnuii duish S @hfha ek i G’ fnfikal (rm

I nclude, TA data which is cal cul ated based upon measured TD i n an
i dent i fi edvielgs® birdarestibnal eomwhedtatibnsTyisathe atiliaaties tofFaarmdio Nvarhe r fof@ial)
specifying a particular radio frame for effectuating a tim ng adjustnment

by the selips q,hgéi r { HE
data recelv ? %“gﬂg% ({eégu egd%ﬁé’teﬂ?@?ﬁo K% o n%‘[i)s]:jlf gg)h% ggyd[; %I/A\eﬁsé&.nhltt%{:l
transmtt |nthe fra ci.fied iin the CFNof the transmtted T
command s&dﬁ g]seléecg gﬂf W@%ﬁ%@ﬁ@ﬂldﬁtmm within sysgtem ragio o
frames. The BS

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.



processor associ ates the respective sequential franme nunber with each TD
measur ement 24 August 2004 wooi n8259 PCTI US01/10986 of transm $5k00s: 2004
received in a radio frame thereby establishing a tine associ ated Wit each
nmeasur eneRye og¥kag advance (TA) conmands are generated by a papssiRbgdn
controller that is associated with the BSs for providing TA adjustnent
commands for transm ssion by the BSs to the MIs. The TA adj ustnent command
generator generates TA adjustnent commands which include the TA adj ust nent

2 ust mon® kg EHsHBTCERRD i P hE TRy SRR e { At R i

al so include a Connection Frame Nunber (CFN) specifying a particular radio
frame in ®AFkmMeasurgpenle (Bming adyanes COREMANGS Ak gengratednsne. basestsjon t
is preferred that the TA signal generator only generates a TA signal for a

sel ected WbnwbHer tHae iRaeiaed WP the Bk 08 Prowiliy TAC i 8néntaBhi@nds for

sel ected Wdoes not fall within a selected timng synchroni zati on range,

i.e. a TD.threshel d uc N resh i referably selected to

cor el at o MEHISHH BHIAE BS to e M T Rk ARl <Ot geaugforcsaengres
After the BS controller transnmts a TA adjustnent command to a sel ected
MT, the ThAredmsmeenticommandsuwhichtindnde theaT Acadpustent value t dadodattd busal Wom
the frane specified in the CFN of the transmitted TA conmand signal is

anal yzed ] ' T TRIEL '

command | tsﬂ%rggﬁf feg:gh Pﬁ%&shs;fﬁxhﬂ/{&%a ne\fli\l/ﬁ #g% ?iuns;@aﬁgpﬁﬁf? 5‘%%%}1%% | a@g ?&M&ﬁéd
i ' ' i fully TA_ad] h

;gﬁglc[ :g %#er @&@H ipegtgéq%zcor@nTA a%%émﬁé'c? i?lél%dgofg ngrfrfe%%i%nuFra%e Nl?m lé? t(Ctli’l\(?)

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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measurenent for the CFN franme shoul d be changed by substantially the sane
anount -10 24 August 2004 WO 01/ 78259 PCT/ US01/ 10986 whi ch the#ﬁu@g{wd
was to effect and should fall within the TD threshold. [003 8] In

accordanc | ot her aspect of the present invention, thergqq | ded
a nobile ?gyr%w%z?@(lvﬂ') for a conmuni cation system which suppog(fvlsﬁjggiz{eoggé

station (BS) | nobile termnal (M) wreless bi-directional comrunications
via the wutilization of a radio frame format having sequentially identified

Commani cat/sho R TA, TRl e’ 40T paGisBONIL Tl VEREFHAETT tuesholdy

(MI) conprising a transmtter and an associated processor for transmtting
sel ecti vellJ03 8 nat t do eesondanceawithh adathert aspacBefihe Hpresenty itvemtioadithere is
frames synchroni zed by said processor and a receiver for receiving

communi 624360 aéa & oI WifiRR () for Sy ShifiAthtor SOTER wHIGH 3bS5e Bl !

that, the” MI receives timng a ce (TA) conmmand signals

data and a, ,Con Fr Numher specitying a payticular, radio frane
for eff ectSE?éi%Qﬁéf /P?(ﬁ;?qff’gt%ﬂ}lﬂ@t &EBD WQQS%}-GQ?WW;{ FATSRWEEadens Xif the s
the timng of conmmunication data transmtted by the MI processor in

response tnilizAtidatof d radio fragee foretht Pavbanmsenensiatipatiestfived 6oitem #adid fimes
radio frane specified in the CFN of the received TA conmand signal. [0039]

associ at ed Hitp i R PERESRecEh BN 3 ST RS RGRL Y S i St

In using conventional triangulation, two or nore BSs nmeasures TDs with

respect t @adio frames, the mobile terminal (MT) comprising a transmitter and an associated
processor for transmitting selectively formatted communication 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 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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conmmuni cation data received froma selected MI in a specified system radi o
frame. However, using the TD neasurenents alone to calcul ate gl@g_fgphi C
location will not -11 24 August 2004 W 01/78259 PCT/ USOL/ 10986 p uce an
accurate ngpuwhigisé the MI signal has been TA adjusted. Wth tperRi ﬂme

i nvention, the TA of the MIs' transm ssions are known for vi rtuaII

radio franes, since the actual TAis the TA of the nobst recent TA conmand
signal successfull y sent to the MI. Since the TD for each CFN speci fied

reasur e Boopar® AR B el HANE ig) SATREH T8 AOMBACTRR e Bledqt

For a successful TA command, its, TA value is used in geol ocatlon
cal cul at | dR¥eRti, the TiA sidhe MAEH frausnmgsions agrknawn for|visunby qlleradia framees,

until a CFN identified frame of the next successful TA conmmand. Thus,
geogr aphi Gindeotiatdcainl G G4t TANSE fRYmES reBeg T‘Atébrﬁl?ﬁﬁégg%ia? F@séﬂﬁl ent

frane based on TA command data which is known to have b t uat

00 L R SR Ay 0 N B Sl BB Bt e

station for a conmuni cation system supportl ng wireless bi-directional
comuni catdoamrsatkisterrwn as bosie as thad ineasurBE) T for thepCENafrarhy iotheakedlvehich is
termnals (MIs) via the utilization of a sequential radio frame formt

h d d f t trans t.s.;sel.ect i vel.
for mact ed [oatn, S EHARESIAPCFB: T4 ATEGICTRY (Mipitad: 8" TA, WlBE, 1§ it il
recei ves conmuni cation data fromMIs within systemradio franes, and at

| east one geokndationealguationsvior the drame spe@ﬁeéém 2 OFN endwik subsequent frames

conmmuni cati ons data
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
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to the BS within s'ystem radio franes and receives comuni cation data from
said BS within systemradio franes, the nethod characterized Au%ﬁgt?ﬁ I ng
timng deviation (TD) of conmunication data received froma selecie by

the BS andygeif@ssi ng -12 24 August 2004 WO 01/78259 PCTI USG, ?@1210?@@
foll ow ng steps when the nmeasured TD does not fall within a selecte I'm ng
TA

synchroni zati on range, generating a TA conmmand si gnal which includes,
data cal cul ated based upon the neasured TD of the comunicati on data

o part cull TP URing SR Shell el BicaBafRTTES ot 30F Ol Bhiel Sy pfatmtnd ©

sel ected MI, transmitting the TA command signal to the selected MI, if the
TA commandYBelyRalzation, mugey @gnpiatingea sbceomemaug, sigaal weiich dncludes,i Hidnglats
conmmuni cation data transmtted by the selected MI in response to the TA

command sicglealatéthbastdotipdr theThefiirad A FARERBGARANCAII Bata REER ! RIR the
e

specified by the CFN of the received TA command signal, and neasuring
TD for co nj ion_data received from.th ected. M in the radi.p frane
spect 11 d olMangr CABRE A ae NEHbER (CERhRRICT i PorsiDlar 3oy Hasies
received fromthe selected MI to which the TA command signal had been

transmitt dor effectuating e dining adpestmedt by thaseestpd T fdnsmitting dFNADEombreand
transmtted TA conmand signal to assure the TA conmand was effected in the

sel ect ed t : m{]ﬁ]g - t .5.54

and the as ogrgfgﬁ%la%tﬁgc ihéﬁtlﬁgo?repea e 4 r}]zﬁﬁﬁgé%{/§¢bg @ggﬁfg@g@sm
received fromthe sel ected in the CFN radio frame_does not fall within
a sel ect e@dustingqgths, HENPEnPL GaramuUDiGATON. dafas tipgsmitted by the selected MT in

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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changed by an anmount virtually equal to the TA adjustnment, since this would
indicate a failure of the selected MI to inplenent the previ ouskX,eust2004
transmtted TA comand. [0041] In accordance with anot her aspect goufs/[t?le

present i RyeRiLeRe there is -13 24 August 2004 WO 01/ 78259 P(?@%)@%&{,ﬂ@ggG
provi ded a nmet hod of geographically locating a nobile term na ) 1h a

communi cation system having a plurality of base stations (BSs) supporting
wirel ess bi- directional BS/ MI comruni cations via the utilization of a

The pos { PIRERER 2RI beoRRpIRA IS eo e £ ARSI Btioeh SIRNE '€

systemradi o frames and receive conmunj cation data from MI's within system
radi o frafeBuaHBLCAHeR syste@ hamving paurality o€ base staboys (BPwesupparting wireless bi-
comuni cations data to the BSs within systemradio franes and receive

comuni catdirgtiof@tBSMPBohtiBuiBeativnd Viathé vifilieaticreef £ séfuRAESl raRefaRicesmat

characterized by, comrunicating tim ng advance (TA) command signals to a

Speci fyi o s Ko R sty S oo, PhErd Bt BSSHGEY SHRRG VAN Duratid

by the selected MI, neasuring timng deviation (TD) in each CFN specified
radi o framenuhugicamemdatatto dA s stithin systemaddior rameh end sededat exnivitinioatian Biatd o
determ ne whet her each respective conmand signal was successful, measuring

in'a Sel ocroh HEs ot Sheel AR HaelTnl PRI ML ISR REeaTRIT bRt

selected radio frane and the TA datg of a nost_ recent syccessful TA command

si gnal communications data to the BSs within system radio frames and recetve communication
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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transmtted to the selected MI to cal cul ate the geographic location of the
selected MI. [0042] O her objects and advantages of the systeﬂ%sm&pod
wi |l becone apparent to those skilled in the art after reading t

det ai | ed dggeispkson of the invention. 24 August 2004 WO 01/ 7%?,% 1/10986
PCT/ US01/ 10986 [ 0043] BRI EF DESCRI PTI ON OF THE DRAW NGE S) [ 0044 E?& ?a is
a schematic timng diagramof radio franme reception and transm ssion at a
nobile term nal wi thout any timng adjustnment. [0045] FIG |Ibis a

schemati ¢ rphadng di agr IRk i tr hSSion at a
base st at i[(c))ar)lﬁvlli t hout any ti E%ES;CJ ug%ﬁﬁ?m ﬁ#ﬁwﬁﬁf@a schemati c
timng di aﬁbmof radio frame reception and _transm ssion at a nobile

t er ni nal i m ngt Hev Adds a schematiFtimingndiagramseheadioifeamiertesgptioagamdn
of radio frame reception and transm ssion at a base station wth a timng

advance adjansiiSitn at2AmOb AR 4O AAY BAESe RETAHRG!/ 10986 [0048] FIG 3

is an illustration of a conventional tinme slot data and guard period
structure. 49] FI 4.1s a thmng. di.agram of a cpnventi onal ti
adj ust RURS1:%5) R G (¢ 1B s gsehghiaticr Ime dinasai of faslip framerecentionand
timng diagramof timng adjustnent conmand failure and retransm ssion
under t he tapswgssidnoatsd base stationiwithmtt may dning adjustment4. [00511 FIG 6 is a
timng diagram of an alternative conventional nethod of timng
[0046] FIG. 2a is a schematic timing diagram of radio frame reception and
transmission at a mobile terminal with timing advance.

[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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adjustnment utilizing conmand confirmation signaling. [0052] FIG 7 is a
timng diagram of franme number synchronized time delay neasur @hBREuEH
timng adj Ugig@saden accordance with the teachings of the present

i nvention. [0053] FIG 8 is a timng diagram of recovery frohtTASPEP%S i ng
adjustnment in accordance with the teachings of the present invention
[0054] FIG 9 is a schematic diagramof a communi cating system nade in
accordance with the teachings of the present invention. [0055] DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) [0056] The enbodinments will be
described with reference to the drawing figures -where |ike nunerals
represent [0048 el endG 3 israpuilinstration 608 chniraftional timet shotdata mad Fuatd pediods
illustrated a comruni cati on system 10 conprising a plurality of base
stations gBSsturd2 Whi ch conduct wireless communication -14 WD.01178259 24

August 2004 PCT/USOL/ 10986 with nobile termnals (Mrs) 14. Each BS _
conduct s wﬁbess Cﬂ&gi_cat_i Qqns with MIs in a geographic cell, which cell
areas nor have ig% ipnpg diagranef a gompentipnpbtime adpistoentmethosr besed
bi -directional conmmunication is generally conducted by the BS having the

st r ongest oaipgrialid fravmewunibdérhe MI. Where a second BS begins to have a
stronger signal link, "hand off' 'of thcomrunication occurs. Desired

fﬁreagﬂ -er FORRH Proceqer %is g?fml%fgf SaEHES io?%ilﬁﬂ%ngdjggt%en%rc%mmﬁla}ld hilure ;nrlld
retransmission under thc_a_ conventional method illustrated in Figure 4.
[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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[0058] In a preferred system such as in accordance with 3G wirel ess

prot ocol s, 6 are provided in a physical or |ogical corhARgysiFR th
t he one or %Qgﬂ@g; A radio network controller (RNC) 17, to RGT/G$01f1p286node

Bs 16 are connected, controls the BSs and coordi nates communi cati ons over
t he communi cation system 10. Miultiple RNC s 17 coordi nate comruni cations
for different BS groups in an extended system The RNC 17 includes a BS

controller which controls the BSs within the node Bs. Preferably the RNC
17 includes an MI geographic |ocator, but it is not required that the

geogr aphi ovithaathile teanirmpd @IEe) £4l Each BS cBhudd Wif@%?&nﬁﬁﬁﬁi&ﬁoﬁgwlghe%[%

preferably includes a transceiver 20 with an associ at antenna Sys

and BS si | i cireuitry 24. Each MI 14 preferably includes a .
transcei ven SH5op S R towbiemellAred iomallyhays pome evertan. WhssesaiMy 14 is
circuitry 28. In_lieu of transceivers, BS and MI transmtters and

recei ver s 1hayoperlamarse; biedisectompbcammunioation éngenerall PEGIucRIBY HIBS having
comuni cations (DL) are processed by the BS processing circuitry 24 and

transm tt ¢kl ¥frénddire Lk Y nna tens 22 -15
24 August 2004 VIO .01/ 525‘9%‘&%??’@8?\/@89%‘%?%?@?3‘?%% | oﬁc%i)s ?ﬁi‘aﬁﬁé fronger
Upl i nk connuni ﬁgﬂ, ns %ﬂ}‘# e transmtted fromthe MI's 14 and received.
via the B§%‘ﬁm %{)@ f3be communicatisnosewsse Resired pararhetehoaed poaedores
12. [0061] The BS processing circuitry 24 inplenments the formatting of
wirel ess I@Sfocteating hamal o@hare Wl kio@l i8ahedrtr adi o frame format having
multiple time slots, ‘ '
[0058] In a preferred 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.
A radio network controller (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 circuitry 24. Each MT 14 preferably includes a
transceiver 26 with an associated antenna 27 and MT signal processing circuitry 28. In
lieu of transceivers, 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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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 inpl eAb ARG 20004

[ 0062] Wt%ﬁoi(g@_gadio frame format, each radio frane is assi%ed a
sequenti al unbE?P” whi ch enabl es the processing circuitry t®¢HERY10986
specific systemframes in the wreless BS/ MI conmuni cati ons. The BS.
circuitry 24 is configured to neasure received tine delays (TDs) such that
each TD neasurenent is identified with the respective radio frame of a
received MI transm ssions, i.e. uplink comunications. The sequential frane
nunbers of the radio frames are used for this purpose. [0063] The BSs

provi de Tidrdedeptibn biyltke BEY<PNtUplihE tomindieatiys (UL e eBnsiteSEhafl the M Ts
i ncl udes TD neasurenent data recorded at the BSs, i'dentification of the M

et SRR ot AL AP 2L G S R s

measur enent data exceeds a specified threshold, the BS controller
gener at esld TA command for the respective MI. A conventional intelligent
algorithmis used to determne direction and speed of the M with respect

t he measump BS b ; .o . 4
PCT/ USO! /080 [oogz?‘51 BEP g?%gfly“%, ey 24 ﬁ?’i’g?‘?{%?}]tgﬁ‘%e%g‘?%ﬁg‘ﬁé?ﬁdéggr d
period o ermned |length within vvhgtlFlél physi cal reception w ndow

roves. TR CORTESHERHORS b ot wleieg radighims Latuatisvieg amitipls pmeslos

recepti on wi ndow and takes into account failed adjustnents and tine to

det ect fawhichefommdt isctised afljasystemt wide basis for all BSs controlled by the RNC 17.
Preferably, the RNC and node Bs coordinate 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 conventional 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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[0065] An initial TD measurenment TDa reflects the initial position of the
physical rQaepiAgsy W ndow within the G for a particular MI béf or@stAi0d T
adjustment. An initial TA, TAO, is nade at the MI which, asd&HEPLFNS86i s
successful, relocates the physical reception windowto a desired |ocation
reflected by a new timng deviation mnmeasurenent TD,. The initial TA TAQ
was successful if TD, + TAOis virtually equal to TDQ [0066] The TA of
the MI transm ssion remains constant until the next successful TA

adj ustnment as reflected by the measured TD. For exanple, an initial

successf ull00&4mand Praferably| dhe etorhhminicaAitn fidwarkds Havehg Madd PBEBYSSF Y
to 8 units, a next TA comrand TAl coul d command t he advancé the MI

transmi ssi d. i@ S The success of .TA, woul d be

reflect edb%ﬁég re§ ggggﬁg@n“é&'?h"gﬂi“(&'agﬁ IeA, T5eeniiqn wipday mgyes. The TD
transmssion of 5 units. If TA was not successfully inplenented, the TA of
the Mt Figsheldds preferably slightlysshorter tiganthiephysikia6Zdption wiiduw aad tdkes ifitoe

when TA adjustnents take place, TA conmands according to the invention

specify aagcdurt Puilled adjastnterts 378 tithe il fg%g; i be made by
the MI. Thus, each TAJcorrmand si gnal @ﬂ%ﬁ%@é‘a Aﬁgéa a'a%(yaﬁ&@%‘ﬁhect -17 24

e oA T AR BT e e

(0068] Upon determ ning TA adjustnment is necessary, the BS controller

gener at esreception window within the GP for a particular MT before any TA adjustment. An
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,. |
[006@& The TA of the MT transmission remains constant until the neJ;t 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 Tx"\ 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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a TA command signal wi thout incurring the delay required for tgg rioQr art
periodic TA franme nunber based adjustnent nethod such as disc 4lgpst 2004
connecti on %t ?{792{55” art Figure 4. Each TA conmand sent to the MI

i ndi cates a'Sp&&itic frame identified by the CFN when the NEMPSIVIGN]SE or m

the TA adjustnment. As illustrated in the signaling flow diagramshown in
FIG 7, when the BS controller deternines TA adjustnent is necessary,
based on received TD neasurenents at time Ti, a TA conmand is i medi ately
generated. Only an extrenely short BS controller processing delay is
incurred so tinme Ti is approximately equal to tinme T2. The TA command

i ncl udes BraGie\MNamelosrf (CHNY) tihéch ppedifiesih gartiadaorddiafmned im wiiicke tHe MTheitl
the MI perforns the TA as illustrated in FIG:- 7. The CFN is selected so

that TA agj tis S Ligd at a tinme accounting for the expected BS
controll y@%%p?%pcfga P%%‘ and M processing delay and that the CFN

identified frame as_ transmtted téy the M wll arrive at the BS with a
correct ed0968] [ 006bposidatesminiagdA adinstraentas negessary; the BSeontrollar gensmdes i n

whi ch the TA adjustnent was to occur, a TD neasurenent at T4 conducted by

the BS f qf TAhGorkhnd i1 Wigitbult inBurfihQth@dcla g s€aMAM Rk thdBriBSakt PREGAETA O

the BS controller if the TA was succéssfully perfornmed by the . I f TD of

e A S T R R B i e

signal, the TA command was successful. If not, the BS controller can very
-18 WO 0Tigaf59. PachhTgusomatind seROD theM T indi8stey aispkdificrieamne identifead leylthieA
command transm ssions and, also, can act to readjust MIs that
' - 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 adjustment 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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have considerably changed distance fromthe BS since time Ti by issuing a
new TA commnd gi%nal.g [0070] The case of a failed TA adj ust mdhaugusiidhd

i s shown i N8 The TA command has not been processed bpctivsodbesso
that a TA adjusted signal is not transmtted in the CFN frane at TO by the
MI. The TD neasurenment at the BS at time Ti on the CFN frane specified in
the TA command, accordingly, does not indicate the TA adjustment has taken
pl ace. The base station controller then generates a new TA command at -tine
T2. Since a determ nistic nethod has been used to synchronize TA

' controller,.v lj,ttle
Sihel o nauidklprcaaouTallEd TR, {utfihiEhd Bars Bl A, S50 Alto RtiisE M rshniae

) i maj el y equal otinme T 1. [0071] The ability for the BS controller
Co'react PAYRaPatarEbbY shangsdeisiapre dom ke Btsine e iy tssulipaemTA

nunber specified in the previous TA command allows nore tinme to generate

TA comancemmdnidaignslxceedi ng the physical channel "reception w ndow or
overwriting the neighboring tinme slot guard period. This results in

| ower i ng. requik.ed_fregquenc { TA comands ‘and. correspondi ngl
reduces gt %Og 719 ysi ga:ﬁlg F 8%%%@@‘3& godbtn I"‘Jlé‘a“’f‘@“%ﬁwqddls ﬁgc'\m iy K Q?.néhe TA
function. [0072] The invention additionally allows for the case- of a MI'
that has emmgad hail sotbeen pirodessed bycthet MT hso Bfattd Toe dﬂjldlétkﬂYSigual is not
di stinguished fromthe failed TA command case. Since the BS controller

speci {1 estrimsinitied (e TN BAkld SUTE by HROMT.  TRCR P A IrEnieRt af fhiz BS a4 ust
2004 WO 01/ 78259 '
T1 on the CFN frame specified in the TA command, accordingly, does not indicate the
TA adjustment has taken place. The base station controller then generates a new TA
command at time T2. Since a deterministic method has been used to synchronize TA.

| _adjustment 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 generate 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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PCT/ US01/ 10986 t ake effect, the TD neasurenent received for that particular
radio franme will indicate if the TA conmand was. correctly.re 2004
perforned Ryo b M- Accordingly, TD measurenments outside the specified
threshold occurring in the CFN specified time frames will rRGTHESILA0986
indicaté failed TA commands, while such TD neasurenents in other tine

frames wll normally indicate a change in MI lLocation. Even where the TD
nmeasurenent of a received CFN specified time frane is attributable to Mr
rel ocation, the new TA signal is generated based on that TD nmeasurenent to
produce an accurate TA for the MI. This is an inportant capability since

the BS cduke effect thesTBuwacsuedmest received iforeay phatidudst radfy grgfﬂéﬁgﬂlr @Sjé%’aﬁ& d g_t

so that a conpl ete adj.ustnment can be made avoiding the ne

{1 angul b5 oR Eopmential ebbeP oA SRt pielbrdd by thy Nex' herorbmsl T o

hi gher degree of reliability. Were a selected M is in conmunication with
a BS f or meeasurssrenigontsidethe sprcefiedtimeshmdd boasringlinthASFNWeblddtithe fRsmed S
the TA command signals generated by the BS controller to the selected M.

Si nce i NyANGRERAITITSn TAY EdthhRRds t B transnm ssions,is.
known for all rad?‘;’on‘:‘i\frcs}a{r(}\e%i,’l&:ElE(%L geogragﬁi ‘%ﬁ%@é@ft@ﬂ@gﬁ&ggn@g& in,pther time
cal cul ated by .conventiqnal triangulation nmethods utilizing the known

| ocati on %r&fn‘%/s%'ﬁli@“ﬁ@ “T&CE'&%’%&‘BBG HoM T lasetipn. Evor whefeithe D ommsareinent
signal (or O where no TA commands have been successful), and TD

measur enefingeéeived GFN apecitied tBhe fraMit i€ atttibuEalets MTereldEaﬂEﬂ Vﬁh%enew TA
geogr aphic | ocation based using triangul ati on upon the TA the’

gg "r’]‘\s; the i”%%gﬁl itE E?%rgh%’éﬁc{agg% on ﬁ%% SS9 SRS, ucta%%%yct?rgté Tnkofro’{_r?ﬁé Ieflr'll‘.v 2
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 fransmits 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 triangulation upon the TA, the TD measurements from

two BSs, unambiguous geographic location information via conventional triangulation
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WO 01/78259 24 August 2004 PCT/USOL/ 10986 is provided where TgﬁA
nmeasur enegdsoHHg8sP bt ai ned fromat |east three BSs. [0074] In T ugnst30nd,
where there 1§ only communication with one BS, the MI al s&GHEIY1886
relative frame reception difference between cells. The cell reception

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 measurenent. It is also known to use pathloss neasurenents in such )
cal cul at$ provid¢d@hisie PDaheasrementshaa obtgired fephiacichohtdeoBSEequest i s

recei ved, the geographic |ocator specifies a systemtine frame in which BS

TD neas nt of Y r 1851 t he.sel ect MT 0 cted
fromth S7in pr ilflraq;ij?/bcsggrrtl‘?ll}{nsi \gf;?r?gﬁéfeﬁmg?) H{){%E?%Pé%ﬁ@& \mﬁﬂopﬁ Eﬁ’%&\kf
system and, in a conventional BS triangulation system also fromone or
mor e ot AP Measuren selgtive dtame secaptionadiftarencedbeiaeed cqllsn The cEll reception
measur enents gathered for the specified tine frane and the TA refl ected by

t he WDSHiffér@ﬁ@é‘ﬁ:eﬁét&@ﬂﬁ%fé&oﬂlﬁné&ms;ﬁEEéﬁbﬁf’thlé%uH%ﬁbgéiL sésfx%ﬁﬂc by the

Accordi ngly, accurate geographic |ocation of MIs can orne

vi rtual at_all .tines.sihge t TA of th selected MI is known fromthe
TA cormé. d"ﬁaﬁlﬁr&fisat_\%ﬁf’(ﬁs‘s ﬁﬁ@é’s B.g’ége‘%@@l?é'scs prign defeamansion i sclusestemance
with this invention. [0076] While the present invention has been descri bed

i n t er nbased arntheF Afofithe M T antl ¢kt siaglesBS D eicasardnaénito I5islsS Rnowa thiukBi N
the scope of the invention as outlined in the clainms beloww |l be

appare NhathPodsMSHuéthbhE dn sBcit 8 chiations.

[0075] Preferably, when a geog'raphic 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 *

-21-



* -21 24 August 2004 WO 01/ 78259 PCT/ USOl/ 10986 CLAI M5 What is clained is:
1. A conmmunication system for supporting base station (BS) /noBfAwut@idd nal

(M) wirel b€l recti onal communications via the utilization of a radio
frame for rrgﬁsoﬁ?\%lgyng sequential ly identified systemradio fFsHSAMSEI sing
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
timing advance (TA) signal generator associated with the BS for providing
TA command signals for.transm ssion by the BS to.selected Ms, the

comuni cations system characterized ChAIMS: the BS receiver has an

associ at ed processor for neasuring timng deviation (TD) of received Ml
transm sSipAGisidlainfleii fied radio frames in which communication data is
received froma selected MI, said TA command signal generator generates TA
command si gnal,s which include, TA da%a whi ch is cal cul ated based upon
measured TD it an ii‘geﬂmmwaat?%%tem IFEPPOting base station (BF)/ mobilateminal:t
Frame Nunmber (CFN) specifying a particular.radio frame for effectuating a
tining adMExwirslesbpi-directionsd consmiviications ¥iaehBStiHLLE6S 604 rABBTHARS foigat D

for communi cation data received froma
having sequentially identified system radio frames comprising a BS having a transmitter
' fbr.n'ansmitting se]ectiv;:ly formatted communication data to MTs within system radio
ﬁﬁmes, and a receiver for receiviﬁg 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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selected MI to which a TA command signal had been transmtted i,n, the Té‘grre
speci fi ed 93%@3 CFN of the transnitted TA conmand signal . - 23%3UsusliE
2004 WO 01 BCT/ USOL/ 10986 2. A communi cat i on syst em FEAEPIN1§9%60
claiml characterized in that: the TA command signal generator only
generates a TA command signal for a selected MI when a neasured TD of a
transm ssion received fromthe selected MI does not fall wthin a sel ected
timng synchroni zation range. 3. A conmunication system according to claim
1 further characterized by: at |east one nobile termnal (MI) having: a
transnitter ahd anAssmumuaicatioMEystencassodingas claians ehatactgizedligehayel y
formatted comruni cation data to a BS wwthin systemradio franes

synchroni zed [ 7 : recej f receivin

conmuni cat i onﬂﬂéa?g %néhrr{?‘-g& Iggé Wi %&flﬁrag@g?@% feg'gl{%% P%s";‘m&ﬁang‘ a&?%nq&"for a
processor . adj ,]ifn%,t he timng of the communication date transmtted by .
sai d MrSP}%’-m whepg m EDrof attransmissipm receiveskiromdhd selectedaMd dognal

comencing in the radio franme specified in the CFN of the received TA

conmand rit faldhvithin aAselevigd fihias bAichyai-albRsaRedi Ng to claim 3
characterized in that: the TA Signal generator only generates a TA signal
for a selected MI when the identified TD of a transm ssion received from
the selected MI does not fall within a selected timng synchronization

range. L _
3. 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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-23 24 August 2004 WD 01/78259 PCTI US01/ 10985 5. A cormuni cati Qn system
according to claim1l further characterized by: a plurality of 2 August 2004

stations (®B&p1/7sagch having: a transmtter for transmtting i y
formatted communi cation data to MIs within systemradio fraﬁ@,ﬁ%}ﬁé%&?
recei ver for receiving comunication data fromMIs within systemradio
frames; each said BS receiver having an associ ated processor for neasuring
a timng deviation (TD) of received MI transm ssions in identified radio
frames in which comunication data is received fromselected MIs; the
timng advance, (TA), conmand signal generator associated with each said BS
for providing ach 4&Pmmenicatiar sysemmacserdiagdo slajnul fusther charastorized by: t 0
respective selected MIs; and each said BS processor neasuring the TD for

comuni cat i on aslusalitp Fbuse stafiond gBSf,)?éﬁ)aPhéﬁﬁ selected MI to which a
respective TA command signal had been transm’tged in the frame specified

in the CFN of the re's&%ct.' ve transm.tted TA commpnd signal. 6. A
conmuni cation syst GFASPYHAT R Gagspyitting ssleotivelciorm qommpaicatiphdatato

command signal generator only generates a TA command signal for a selected
MI when tMiEs matidnsgsteifiradio frategnamd ssi on recei ved fromthe sel ected MP
does not fall within a selected timng synchroni zati on range.

areceiver for reqeiving 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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-24 WO 01/ 78259 24 August 2004 PCT/US01/10986 7. A connuhicathfn sgggf
accordinggkp g Im5 further characterized in that: a geograp Qugu r
i s associ M= h the TA command signal generator and sai #CEBSB0HIRIE6 t hat
measured TD by one or nore of said BS processors with respect to

comuni cation data received froma selected MI in a specified tinme frane
provides a basis for calculating the geographic |ocation of the sel ected
MI during the specified tine franme in conjunction with the TA data of a
nost recent successful' TA command signal issued by the TA commuand signal

generator to7the detembmmiddtionSystérravrondingasd claimsSyfutther clegactdiingd inthat:ai m
5 further characterized by: a plurality of nobile termnals (MIs), each

ol oot vel y RBPREPRlsORROR ARaTHSR Al Bl ER SR el G R ol B 3 o

frames synchroni zed by said processor; and a receiver for-receiving _
comuni &eitsi Biehgtha measnresh TR bgsond ehinrorsyel said B&dproctssore syitawespest iosai d
MI' processor adjusting the timng of communication data transmtted by

sai d r egpfphiniatidh 84tAPEEEIVES ronk a'SBRRARSRIT th AApE&R ] e FARAE y@ﬂgéff%
comand signal comrencing in the tinme frane speglfled In the N of the
recel Vegas-li_'sa\ for ¢a curfzcl%;ings the %%lo'gra%ﬁicﬁ%ggt%n gto T?léé selected MT during the specified time-

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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WD 01/ 78259 PCTCUSOL/ 10986 9. A conmuni cation system according _to claim3
characterized in that: the TA command signal generator only geR®AuguE2oed

TA commandwg) @mabsef or a sel ected MI when the nmeasured TD of ansn ssi on
received fromthe selected MI does not fall within a sel emP&ﬁ‘/[HO;ﬁﬁ;)as

synchroni zati on range. 10. A nobile termnal (MI) for a conmunication
system whi ch supports base station (BS) / nobile termnal (MI) wreless
bi -di rectional -communications via the wutilization of a radio frame formt
havi ng sequentially identified systemradio franes where a BS transmts

sel ectively L&Lmatted comuni cation data to MIs within system radio
frames, the i | e & epmmeRication sysiepr according to clainm3 chamcterikedrin akstoci at ed
processor for transmtting selectively formatted conmuni cation data to a BS

within systenhs TN ofind4fRE siBHAL gélgggi’nc??%rgy gﬁ&f&ttﬁgl’ %@@}?@q@?ﬂg%ﬁqﬁ?ﬂﬁ? '

for receiving conmmunication dat W

charactegj i hat: the MM receives timng advance (TA) command signal s
whi ch i n%%‘ﬁﬁtgd%‘ﬁ"ffj\gﬁgn tﬁ‘ﬁ al%@swﬁibt Oéﬁ ArBsIsH receiigd Gpocttiedelepted MT
particular radio frane for effectuating a timng adjustnment by a MI;, and

.the M deerreisfoll withinsa scletted timingosyeichemizativcahigen data transmitted by
said Ml processor in response to TA data in a received TA conmand si gnal

commencing in the radio frane specified in the CFN of the received TA
command signal. 11. A method of synchronizing comunication data at a base

station for -a_-26 24 August 2004
10. A 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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WO 01/ 78259 PCT/ US01/ 10986 communi cati on system supporting wi'rz% SS

bi -di recty gmuni cations between a base station (BS) ‘i’zzg?‘fty
of nobi | e“@ﬁﬁf‘%m s (Mrs) via the utilization of a sequen??gﬂj %6 -t r ame

format having identified systemradio frames, where the BS transmts
selectively formatted comuni cation data to MIs within systemradi o franes
and recei ves communi cation data from MIs within systemradio franes, and at
| east one nobile termnal (M) transmts selectively formatted .

comuni cations data to the BS within systemradio franes and receives
communi catrimundatian fsystens augp&Sing tidetess hidirectionali corhmanisitionb detwthvd
characterized by: a) neasuring timng deviation (TD) of communi cation data

unen + ot S8R OFRF GAIS Moy, OF nffBRRRAP (TR ik ps Sch2ALOH S 8PS

synchroni zati on range; b) generating_ a TA command si gnal which includes: TA
dat a caPequentiad radiceframsoformaé hawing identifisdosysters redientiames; vdrerdtha BS
received fromthe selected MI, and 'a Connect Frame Number (CFN) specifying

a parti erahdhitsdeieRtiveRMriaited 8biRSIMBAAHRIARA t6 MTOwWININSYBRA ralib frifes
selected MI; c) transmtting the TA conmmand signal to the selected MI; d)

ti m ng BRAEOHIL SRRTBAIGaoR BRR YiSa B SHECTRIR BAMAR. 414 HIGBSRBE 1 o

the TA conmmand signal based on the TA data and conmencing in the radio

frane speibild tedmiryal (ME) GRhsmits shlectieelyi foemhaféd commndcstigmatataapdhe S
within system radio framcé andreceives commﬁnication data from said BS within system
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 data and commencing in the radio frame specified by

the CEFN of the received TA command signal; and
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24 August 2004 WD 01/ 78259 PCTI US01/ 10986 e) neasuring the TD fzgr

communi cation data received fromthe selected MI in the radi o2 fasHEt2004
speci fi ed Wo ot#s28FN of the transmtted TA command signal. %}mﬂb ,ﬂ;%%h()d
of claim 1l further characterized by: repeating steps b)-e) en the
measured TD of a transm ssion received fromthe selected MI in step e)
does not fall within the selected timng synchronization range. 13. The
nmet hod of claim 12 characterized in that steps b)-e) are perforned
whenever neasured TD of conmunication data received fromthe selected MI
does not fall wthin the selected timng synchroni zation range. 14. A
met hod of geo§?aph i“&%ﬂ%ﬂ%ﬁ%ﬁ“ﬁ@r SORBINIsation dataaeceiveyl from she selected MT
comuni cation systemhaving a plurality of base stations (BSs) supporting
wi r el essibthe midie faimerspecBRIy R OFN sftht Rasitided TR H&h&ﬁdﬁﬁi %'igﬁar?f a
sequential radio frame format having identified systemradio anes where
the BSs transmt- selectively formatted comrunication data to MI's within
systemradio frames and receive comunication data from MIs within system
radio franes and where the MIs transmt selectively formatted

comuni cat i ond2dat FhegnethedeEslaiit bl furthertcharacaerized bpnes and recei ve
comuni cation data fromsaid BSs within systemradio frames, the nmethod.

Colocted M whian g ERSIA) ifer 8 e B Do BRI et R o Yol

speci fyin rti.cul ar .radio - 1/ T : :
P V! {ledel ?VIIF in s%ep €) oes not %a8|l \Aw[i)th?n the selected timing synchronization range.

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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8259 PCT/USOI /10986 frane for effectuating a timng adjustnent _by the

sel ected Ml o[/@siri Ng timing deviation (TD) in each CFN s%eci £1 Auzust29p4
frame of ‘communication data received fromthe sel ected MrPEY/USOBHBE
determ ne whet her each respective comand signal .was successful ; measuring
timng deviation (TD) of a received MI transm ssion fromthe selected M
In a selected radio frame by said BS; and using the neasured TD fromthe
selected radio - franme and the TA data of a npbst recent successful TA
command signal transmtted to the selected MI to cal cul ate the geographic

| ocat i orfraxhe fivee Sedteatingla Mingadjustmenthy a ffasdiMT, to claim 14
characterized in that timng deviation (TD) of conmunication data received

for the sele by: egond..BS | he sel.e radi.o.frajge i.s measured
and al so usegﬁ?érj]suﬁg ?Eﬁggl g?ﬁgﬂ%f tﬂglgiglpaﬁﬂ?lbct}’ﬁgatsp%hﬁ‘fl facao gép'{?cto\fg
MI. 16. The nethod-according to claim 15 characterized in that timng -~ -

devi at | ammupraten detareedived iftom the selected ME ByfadBS tth deteeiint edelfierivach
second BS'in the selected radio frane is neasured and al so used in the

cal cul akbdecie 86RMARNiIEnAI0FA SRR f.he selected MI. WD 01/78259 24
Angust  So0s Ty dPREaiuiEnAy e BReb e e ora ng to claim 14

characterized in that. the se|lecte .
measuring timing deviafion (%D%f areceived MT transmission from the selected

MT 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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nmeasures relative frame reception difference between cells and the cell
reception difference measurements are al so used in cal cul ati nd4§ueygi28hi c
| ocati on. WO 01/78259 PCY/US01/10986

17.  The method according to claim 14 characterized in that the selected MT
measures relative frame reception difference between cells and the cell reception

difference measurements are also used in calculating geographic location.
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