*166166* [0001] SYNCHRONI ZATI ON OF TI M NG ADVANCE AND DEVI ATI ON [ 0002]

This application clainms priority fromU.S. Provisional Application No

.60/ 195,087 filed April 6, 2000. [0003] The present invention relates
generally to digital comunication systens. More specifical Umwwmmmmmum

I nvention relates to a system and nethod for synchronizing u

downlink transm ssions for tine division -duplex and tine divisiopg tiple
access protocols to conpensate for radi o propagation delays. As an

addi tional benefit, the systens facilitate geographic |ocation of nobile
term nals. [0004] BACKGROUND [ 0005] In the proposed 3d generation (3G -

W reless protocols, tinme division duplex (TDD) and tine division nultiple
access ( ] MSYNCHRIONIZATION IQF aF BAING! iAD VAINCE ANDDE VIZOEION Ve
time periods known as radio frames which are uniquely identified by a
sequential cell frame nunber (FN). Each radio franme is further subdivided
into a plurality of unique, nunbered tinme slots (TS) which are

i ndi vi du lOé i\ssi gned.for uplink (UL) or downlink (DL) transm ssion.

[0006] Rakfl082{ r ansmlbds aprli¢atton: claips mstasityi Gandbl.Sy Previstonak Applidation No.
distance from a transmtter to a receiver. In nobile cellular '
comruni caﬁO/mgs,mstﬁal&a,Apﬁps,ezm,ays vary over tinme as the distance between

a nobile terminal (Ml and a base station (BS) -1 1 [ILLLLL 11 VLD VI
Vit V| I[O'Obbj I IThe%(r_)gs%?lilinvention relates generally to digital communication systems.

More specifically, the invention relates to a system and method for synchronizing uplink
‘and downlink transmissions for time division duplex and time division multiple access
protocols to compensate for radio propagation deléys. As an additional benefit, the

3

- systems facilitate geographic location of mobile terminals.

[0004] BACKGROUND
[0005] - Intheproposed 3" generation (3G) wireleés 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 inlto a
plurality of unique, numbered time slots (TS) which are individually assigned .for uplink
(UL) or downlink (DL) transmission. |
[0006] Radio transr;xissions 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 statioﬁ (BS)
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changes. In order to receive comuni cation transm ssions w thout error, the
time of reception nust be known to the receiver. [0007] To conpensate for
varyi ng propagation delays and to naintain a known tine of reception, the
time of transm ssion 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 common BS and the propagation delay for each MI is different
dependi ng upon di stance. The BS downlink radio frame transm ssions do not
vary over time and are used by an MI to synchroni ze uplink radio frame

transm ssipiisres gﬂoéﬂdcﬁs Meiv ¥ SO AN 6t drtr Bn i sSR! Witkolif ABE] &%itﬂﬂe of

that has incufred a propagation delay. The MI uplink transm ssion al so
i ncurs a propagation _delay approxinately equal to the downlink propagation
del ay. ThEecgpHPRIMusthetRawn & the K1V in the BS is the sumof the
downl i nk and uplink propagati on delays. Radio frane reception (DL) and

reply trapogzsi on (d-¢ombensdtf foeivarg aghtith délaysuiENb mhintdia'd RAGRE
i s shown F(ﬁmlzlqe | a. Flc()i bIeasi | ustrg}?lelgrlgoggﬁtransm%‘t ed DL r’?i me slot (TS)

i ved the M j. i at el | | d.by.a M f{. L,tted U ti . .
i ot ( 75) Hheef weephidfictis Gme e SrBBISH iskerodibally annsbid: e Mpsmussion
station before any timng adjustnent is perforned is shown in FIG |b.

FIG | b itiniagradjestmene id/perfoaaned it e MT rathee thhwtthe B dimdeemanfyoM D aeate
by a BS transmtted DL tine slot. [0009] As reflected in FIG 1 a, the MIr

SIneh o0 2 A ARSI b BRG0P P Bl epepi
5 tN® S pen divtance. The BS downlink radio fratne tanstrisbions 4o not vacy over fime and are
used by an MT to synchronize uplink radio frame transmissions.
[0008] | The MT synchronizes to a BS downlink transmission that has incurred a
propagation delay.. The MT uplink transmission also incurs a propagation delay
approximately equal to the downlink propagation delay. The uplink transmission

- received in the BS is the sum of the downlink and uplixik pr_opégation dclays. Radio
frame reception (DL) and reply transmission (UL) at a MT before any timing adjustment
is performed is shown in FIG. 1a. FIG. l1aillustrates a BS transmitted DL time slot (TS)

_ receivéd by the MT immediately followed by a MT transmitted UL time slot (TS). Radio
frame tmﬁsmission (DL) and reception (UL) at a base 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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at tinme T2 and the end of a preceding uplink tinme slot (TS) received by the
BS occurs at tinme T3. The difference between tinmes T3 and T2 is referred
to as timng deviation (TD) and is equal to the sumof the uplink and
downl i nk propagation delays. [0010] The TD can be identified and used to
command the MI to adjust the uplink tinme slot transmssion tinme in order
to synchronize uplink transm ssion with dowlink reception at the BS.
Since the MI is synchronized to a received dowlink tinme slot that has

£ o schtahe 32 f HERAd U PLRERAS S HCLRe U SRk BRUREER poces a

propagation delays. This is referred to as tim ng advance (TA) defined as:
[0011] T3meTL8.= Hfeyenee betagenitones€B apd T20k refeoredgatas dimidgldeyiation (TD)
TRquation 1 [0012] Radio frame reception (DL) and reply transm ssion at an

MI after gﬂge, | | ' : I . a BS
transmtte IZS)L-%[uiaﬁgH ﬁ){lﬂ?t&q@e\l\g@ﬂﬂgﬁh g ‘ﬁ“ﬁé‘“ﬁ@%@ég%“ﬁﬁd?g%im tted UL
time slot Si ihe M, Radio frame transm ssion (DL) and reception (UL) at
the base [9P40] on af TBe ThACampeidensifiedsmd ussdte apmmarnd tha MT to sdjmshthenphingk
2b. FIG 2b shows one BS transmitted DL tine slot inmmediately followed by

a tinme aditaechst tMnsniissivn tithedn Jedér 1syalcBtorte LPHRK e sAlisdibE vﬁﬁl dbRAlink
The MI has advanced the UL time slot transm ssion according to the TA
i.nce the re slot. at_ tine

command fr ime 15 L me 14 i ved t.i . 15

has al reéﬁ“y?é&f%%‘ris&ﬁ@hg"ﬁf %Faﬁidify %ﬂ“ﬂ@!zﬁé,%o taﬁgc‘ﬂé(gﬁ W‘”Pil tupe, glot that

transmission time T4 -3 synchronizes the reception time T6 of the BS:

r ecei ved has alieadydhourredwalovedinky ptapagatiap delagd thd MF ensgadvartededmynission
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 édvanced 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 T5 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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[0014] T4 = T5 - TA (sumof UL and DL propagation del ays) Equation 2
[0015] T5 = T6 (BS next tine slot) + DL propagation delay Equation 3
[0016] T4 = T6 (BS next tinme slot) - UL propagation delay Equation 4

[0017] Accordingly, the TA adjustnent of the MI'transmi ssions results in
synchroni zation of UL and DL tinme slots at the BS. -[0018] A BS controller
is responsible for instructing the MI to adjust the uplink transm ssion
according to the calculated TA. M comands for TA adjustment generated by
the BS controller may require considerabl e physical resources, it is

_ > o , t _ .
i npor t an s?msmbh&eﬁshsQséé;ﬁidxﬁ_mﬁ@frem Bs%adbym%eﬁg@mgg by, the

infrequently as possible to mnimze signaling ove

facilitated b ' smal |, quar.d period (GP) with respect to the tine slot
durati on, eW?%Fﬁﬁ‘bggﬁol?aaﬁi’it’(?%f&%l% between transmitted data of each tine

slot. A conventional tinme siot structure is shown in FIG 3. The GP avoids
si mul taneous transm ssion and reception in either the BS or MI. A
"physi cal reception w ndow' of operation, which is substantially snaller

t han the i ctat est,he I tinm dewiati on. The sical peceptign
wi ndow sh qlsﬁwi t hin EII e_g a@%ua} g%@gﬁ?‘?(gﬁ Oﬁga@ﬂﬁﬁé%sb- 4 [%@‘2’{‘;}0@'. e
nmeasured TD reflects the |ocation of the physical reception window wthin

the GP. THOIA provides al'zsrTe(BSwexs hinid slof) + DL propagationrdaispt | Bguakisidw
within the GP. It is inportant to synchronize the TA adjustnent in the Ml

and BS, s[guR;) the EﬁoLgfg&PU PE (SR {68 AL Ytbbag AR5l 88fal O dVatid %
[0017] Accordingly, the TA .adjustment of the MT transmissions results in
synchronization of UL and DL time slots at the BS.
-10018] A BS controller is responsible for instructing the MT to adjust the uplink
transmission according. to the calculated TA. MT commands for TA adjustment
| generatcd by the BS controller may require considerable physical résources, it is
important for the BS controller to generate TA adjustment commands as infrequently as |
possible to minimize éignaling 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 time 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
6pcration, 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.



nonitors the TD for each M independently and generates TA commands in
advance of the allowed physical recepti on wi ndow bei ng exceeded. [0021]
The |l ogic used to generate TA conmands infrequently nust also 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
determnistic way to recogni ze when the MI' has not perforned the TA

adj ustment. [0022] The TD and TA can additionally be used to determ ne the

| ocation s. Si | ! e _di stance
et veen deRL and & B TiASueH IS PMLCR (hPIoRKipR oTHHE AT, Bal RebBlof vihAKS
be used to, calculate by triangulation the M |ocation. [0023] In order to
produce Mithimthe GR. s'iréﬁér A pravidsh gecarresntivg shiftef theaphysicaltriceeptien syindow
wi ndow, m nim zing signaling overhead and geol ocation, it is inportant to

know t he wWithindhe G, 1tifBnpbAAnt!tH SyrldArvAHcTRETW %Pseﬂ&hﬂ indnd I\/f‘PﬁnE és%gigp}a%eted

that one nethod to acconplish this is only to al'lowthe TAto ta

in the 0 eci f.i cal.l identifie ames.. 24 e need,to coordinate
TA ad; ustHERS TeeplieR Mindny FE A el e roRertionsie the ARGeaniE larqondnuousty
sequential radio frame is difficult since the tinme of reception and -5

pr ocessi mgonitorsithe WD 66r ¢doh NET indsypendenty Ad geneminet TA corhmiandyin advide &3S
controller. One conventional nethod is to only allow adjustnents on

(ol onal | | nts
unber e, " NP RGP HBER L Rocopmb Ao KAk RCAAIBEE TLC POl |y “used.

However, the period needs to be excessively large to
[002 1]p 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. .

[0022] The TD and TA can addiﬁonally be used to determine the location of MTs.
Since the propagation delay is equatable to the distance between an MT and a BS, the
TDs from several B.Ss 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
method to accomplish tlﬁs 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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guarantee that the TA command can be processed in advance of the next
periodic TD neasurenent. [0025] To determ ne the TA franme nunber period
necessary to coordinate the process, the worst case | atency between BS
controller generation of the TA conmand to MI processing nust be used.
This is the mnimum period necessary to guarante TA adjustnent on the next
TA franme nunber. For this case, the BS controller needs to initiate the
procedure imedi ately follow ng the previous TA frame nunber period. This
effectively results in a TA adjustnent delay of up to two TA sequenti al

f nb i.0ds. 28] . As ' LG 4.1 | at
o RSt B TRCS e hchhe L BB R B R s
time between TA frane nunbers. The BS nay determi ne a TA command needs to

be gener atardraitere OhereonVentiofdlemeiiiod ise onhualbew adjastchemts iomepgricdic Hedme e
TA frame nunber 2. To guarantee coordination of the tinme the TAwl|l take

eff ect b%d’{ﬁlgﬁﬁgg.e SMEeQH?ra%?o ﬁa?ﬁ?ﬁﬁe@éahcﬂ’@ﬂlb%ﬁlia}flb{eﬁéﬁéﬁ%%%lﬁlé%ﬂugﬁiilr e

nunber perio expire 1o géenerate the'reque e resu I's
when the TA requirenent is recognized at time Ti, the delay to coordinate
the TA -muabgsarasanveniqnadlyiused: Haweyer.theperiad apeds tobgexcesgiveln large to
time T2 the delay is less the two franme nunber TA periods. [0027] (FN TA

period) <gmiAghida!thil R TA Gthidindéin be pEofddsdd\iP8dvAke) HudR! héit periddd78)
Appl i cant™ has recogni zed that this nmethodol ogy for TA coordinati on using
specified frane nunber TA periods results in excessive TA delays that can

be avoi ddgeasurement.

[0025] To determine the TA frame number period necessary to coordinate the
process, the worst case latency between BS controller generation of the TA command to
MT processing must be used. This is the minimum period necessary to guarante- TA
adjustmenf on the next TA frame numbet. For this case, the BS controller needs to
initiate the procedure immediately following the previous 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 fre:a BS generétion 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 recognized at time T1 the delay to coordinate the TA



For-.exanpl e, excessive delays can arise due to the potential for failed
radio transmssions. In this case it is necessary to recogni ze the failed
transmi ssion in the BS controller as quickly as possible so that a new TA
adj ust rent command can be regenerated. Using the frame nunber TA period
met hod, the BS Controller will wait for subsequent TD neasurenents
follow ng an expected TA adjustnent to determne if a TA conmand needs to
be regenerated. This case is shown in FIG 5. [0029] In this prior art
exanpl e, S ontrolle aft ece|V|n TD f,or correctlon at. a.tjime
Tohust st I8 erimban Sne HenmastharEA perod, pd Shfimebe the de i less
the TA adjustnent did not take ef fect. The difficulty wth this signaling
met hod i thetthat fraine m@nberTAgpdrivdsdoes not know exactly which TD
measurenent identifies the TA adjustnment failure. As a result, the BS
controller in order to mnimze TA commands nust wait for the worst case
TA adj ust nent delay before regenerating a TA command base on the received
TD neasur enent . b£003 0] Another prior art solution has the MI confirm
cach TA clREhd LEN Révperiod) Fi(astug! timer totddjestdbdrs| ((FN TArperidd)ByuatienTA
confirmation will result in retransm ssion of the TA conmand. The TA
adjustnent failure will be recognized faster then waiting for the TA frane
nunber period to expire. However, this faster recovery requires

appr oxi tw ce mu nal i.ng,since every conmand is confirmed.
Thi s mﬁ?ﬁéﬁl. r abl éppbpmfgl gﬁ;%mz?d t this meghodolpgy ferlAcoandimtion vsingnd

frequency [ 0031] Accordingly, there exists a need for a system and net hod
that al | epecified frimgtmumitserel Al parivds readlitin’ &:@028sive TA dehis YBANRR ba‘h$1aHY.

excessi ve command si gnal i ng

For example, excessive delays can arise due to the potential for failed radio transmissions.
In this case it is necessary to reeognize 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
correction 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.



requi renents.. [0032] SUMVARY [0032a] In accordance with a first aspect of
the present invention, there is provided a nethod for a nobile termnal to
synchroni ze uplink transm ssions fromthe nobile termnal to a base
station in wireless bi-directional conmmunications with the base station
that utilize a tine frame format having sequentially identified systemtine
frames, the nmethod conprising: receiving conmunication data fromthe base
station wahhhhn syst i i i L i nowah
nel udes OPRPRg”4a ARote Bk aATBR AR AP LB A COmBlATRS sHOME
specific frane for effectuating a timng adjustnent: and adjusting thle .
timng ofinuflGnkb.t Fanstiis sexamaples & HEMBPW: |qal ttg‘? ﬁﬁalcoin m@EQBoWé@ fesult 1n
ti mng advance data in the received timng advance signal commencing in

the tinme &raABnReRAldf B TA doRtmEenEe TH adesthsdhilofe Wikbe eewignéztdt fasieng
advance signal. -8 [0032b] In accordance with a second aspect of the

present ipnventi.an, thereis rovided a nohil e termmnal

wirel ess BFOY ?IHESifIBF]g]I‘e jﬁnﬁfﬁ?%é’fmﬁ}% Rﬁn[oﬁl é? RS 138‘3’{3 %JgrﬁttPﬁa B%éteré%o‘@%
frame format having sequentially identified systemtine frames conprising:
a recei vefeqoized approgimately beiek\es mechsignebng smedvary eammand ibgoafirmed Tiyp
within systemtinme franmes including timng advance signals which include
timng advanee dafa g AReGt ' efedubatthg PRAI Eb@itnahdS PRELEAS.
frame fo(ral{g %?@egggﬁ%fi ng a%t m ng- a(ﬁggt?ﬁ%ﬁl%‘?maetransm tter and an quehcy

associ ated processor, said transmtter configured to transm.t. sel Fctiflely
f or mat t ed[3dtuni caticsardingly. there gXisua aced for a system and method that allows for

fast and efficient radio frame timing adjustment without excessive command signaling

requirements..
[0032] SUMMARY
[0032a] In accordance with a first aspect of the present invention, there is provided

a method for a mobile terminal to synchronizé uplink transmissions from the mobile
terminal to a base station in wireless bi-directional communications with the base station
" that utilize a time frame format having sequentially identified system time frames, the
method comprising: receiving communication data from the base station within system
time frames including a timing advance signal which includes timing advance data and a
Connect Frame Number that specifies a specific frame for effectuating a timing
'adjustment; and adjusting the timing of uplink' transmissions of the mobile terminal in
response to timing advance data in the received timing advance signal commencing in

the time frame specified in the Connect Frame Number of the received timing advance

signal.



station within systemtime frames synchronized by said processor; and said
processor configured to adjust timng of transm ssions of said transmtter
in response to timng advance data in a received timng advance signal
comencing in the time frame specified in the Connect Frame Number of the
received timng advance signal. [0032c] In accordance with a third aspect

of the pL@(?ﬁ?)t] i nvent 1 QRrddfaer &ithS a PéeR¥hdeskpedt 0Fbibeeptesent mabentionprtheiends

a rfe_ceiv Ei a‘tranSmtter and an associ ated processor; said receiver
configured to receive wirele comruni cat.i Qn_ si.gpal S. wi t hi '

i dent i f i pEovifed armahils tP%llnaﬁaWé SUPRRILY “8&?38%?3‘%‘9@? ‘tﬁikﬂ“&i ﬁﬂﬁ‘%‘%‘ﬁﬂ%‘%’{ég‘“m 2
timng advance data and a Connect Frane Nunmber specifying a specific frame

for effeghs@istatidnattat nisega thdg Usdmernfbormaahdvingasesquentielly doemtified shistem time
transmt selectively formatted wireless conmunication signals within

sequent | aranled GRRLLIES ol eBivkE 20FRSHACY QRERRLIHmURIAtioR! A2 FFUR thelbse

said pro t0 adj us ansm ssion timng of said transmtter

in response to timng advance data in a received timn dvance. si .
commenci rstation within syshemtiaerdragissdneiuding ARG agy cstlfg@%ﬁg‘l?c\llh}ﬂfl‘?&g?n?%
received timng advance signal. -8a [0032d] In accordance with a fourth

aspect ofydhAgcPr@ILNAnd NV e0bAMt FR@ie Namber othadesbeaifiast hodpéafic frame for
synchroni zing wirel ess conmuni cation signals by a nobile term nal

Com 5 e e RS LT AP, et

]El);ﬂ 219]‘ Z?I;/;;:r?n dgtn?ﬁ'a'nrr%gat Copneci';m;r cz:itrirgmNufgber speci fyi nig as gcitf I c frame

communi cati on 1sigrgn(z:ll I%nrlans%a?sl?glns 01?' o TaupaBed RGTYMETLA G Felfess
station within system time frames synchrohized by said processor; and said processor
configured to adjust timing of transmissions of said transmitter in response to timing
advance data in a received timing advance signal commencing in the time frame
specified in the Connect Frame Number of the received timing advance signal.
[6032c] In accordance with a third aspect of the present invention, there is provided
a mobile terminal comprising: a receiver, a transmitter and an associated processor; said
receiver configured to receive wireless communication signals within sequentially
identified time frames including timing advance sigrials which include timing advance
data and a Connect Frame Number specifying a specific frame for effectuating a timing
adjustment; said transmitter configured to transmit selectively formatted wireless
communication signals within sequentially identified time frames synchronized by said
processor; and said processor configured to adjust transmission timing of said transmitter
in response to timing advance data in a received timing advance signal commencing in
the time frame specified in the Connect Frame Number of the received timing advance

signal.
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the nobile termnal in response to timng advance data in a received timng
advance signal commencing in the tine franme specified in the Connect Frane
Nunber of the received timng advance signal. [0033] Enbodi nents of the
present invention are directed to a system and nethod for reducing the

| atency fromtimng deviation (TD) neasurenent to time advance (TA)

adj ust ment . Tq?ﬁ?yﬁdi e R R Bnge %Eﬁ%?gﬁhﬁtdsgﬁ&zéﬁﬁh@%rﬁsérﬁ IS OSHCIHN) e is

ti me advance onmands and t1 m ng viati TD) neasurenents so that
failed transm ssions or. nobile term nals signal propagation chapges cap.be
r ecogni zawo¥dgdcar methasy f%éﬁncmﬁpgm%pwgpfﬁ.sgF&HT“E‘“PB?%@PC%‘%? i E?e%cr?c’@a\%
be maxi m zed by mnimzing signaling overhead through effectively reducing

the frequensiadf cdrhplsingdy asceivimpmwineless Tdunsmunivatibe signalspwittie dsdgpentially
specifying particular radio frames for tine advance (TA) adjustnent by

i ncluding .a Cennect FEranme Nu I R . t '

i ng dageaen deri i TREhe 3l ad ahes SR il dclafig Efinaidviee
m ni m zed since the TD neasurenent nade in the BS -8b for tql} CFN speci f.i ed
radi o fradesa and aMBonneatframa Mumber speaifviag a spesHiGigmeniprt écm}ﬁﬂngvﬁ pyming
reflect whether or not the TA was actually adjusted. [0034] A preferred
commni Cald;@inRAE! £ AURRAAL b ARANS TN RBIEBRmimUmbiL sigarmramimisMhs of

W rel ess I rectional” confruni cations via the utilization of a radio frane

f hayi j al l. nmber ed di o,f : -
L anam {0 OPUE SHEHEL i TG RERED: VRYE A0V AT Setec TR AT it ATy g8

MIs within systemradio frames and a receiver for receiving communication
dat a fronsipial vémhiencing in the time frame specified in the Connect Frame Number of the

received timing advance signal.

[0033] Embodiments of the present invention are directed to a system and method
for reducing the latency from timing deviation (TD) measurement to time advance (TA)
adjustment. The embodiments use a deterministic procedure to coordinate time advance
(TA) commands and timing deviation (TD) measurements so that failed transmissions or
mobile terminals signal propagation changes can be recognized and corrected much
more rapidly. Radio resource efficiency can be maximized by minimizing signaling
overhead through effectively reducing the frequency of time advance commands. This
can be accomplished by specifying particular radio frames for time advance (TA)
adjustment by including a Connect Frame Number (CFN) in TA commands. The
potential for timing deviation (TD) measurements to be incorrectly processed can then be

minimized since the TD measurement made in the BS
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systemradio frames. The BS receivers have an associ ated processor for
nmeasuring timng deviation (TD) in identified radio frames of

comuni cation data received froma selected MI. [0035] Typically, TD
measurenent is nonitored for all radio franes. -The BS processor associates
the respective sequential frame nunber with each TD neasurenent of

transm ssions received in a radio frame thereby establishing a tine
associated with each measurenent. Tim ng advance (TA) comands are

gener at ed fhytd @Pﬁesr%bfﬁ dPRdIS %h{é) lih S¥hichahe TR ﬁﬁﬁ%&hﬁg@g’g& t%gkgﬁ%@ﬁg Stf.Qf

provi di ng TA adj ust nent commands for transm SSio

The TA adj ust t gener ator _generates _ TA adj ust mnent commands whi ch
i ncl ude tmw&ﬁimﬁﬁq%ﬁdh%qmpt% weasastualbeadiupsd- the nost recent
successful TA command's adjustment and a nmeasured TD for a selected MI. TA
adj ust mnenf{0@34Imands Alpsefered ¢stamanicatirCsystemFuppBriiusHRe stitiSiN[BS) / moblle

specifying a particular radio frame in which the selected MI is to nake the

timng 6 preferred .t hat T .gna er.at or
ont'y " genel STBLALINR witslR Bpiret o SR BBl rtpRS K hE uiladtidhar o s bgme
transm ssion received fromthe selected M does not fall within a selected
tim ng syhaimainhzangosequangelly i nenberediDsystens radid. fiSneds. HSyEemhBSshabde i s
preferably sel ected to correlate with the physical reception wi ndow of the
Mrs and B 7 1er.: etalali] EAty,
command ttﬁ)aa @&@%c édr lhnﬁe&?ﬁ) nea ur(kajgl PEH%@%%%%&EIQ &Q%Llﬁa recefﬂ\}

fromthe sel ected. M[ in the
system radio frames and a receiver for receiving communication data from MTs within

,/D

system radio frames. The BS receivers have an associated processor for measuring
timing deviation (TD) in identified radio frames of communication data received from a
selected MT.

| [0035] Typically, TD measurement is monitored for all radio frames. The BS
processor associates the respective sequential frame number with each TD measuremént
“of transmissions received in a radio frame thereby establishing a time associated witﬁ
each measurerhcnt. Timing advance (TA) commands are generated by a base station
controller that is associated with the BSs for providing TA adjustment commands for
transmission by the BSs to the MTs. The TA adjustment command generator generates
TA adjustment commands which include the TA adjustment value, calculated based upon
the most. recent successﬁll TA command's adjustment and a measured TD for a selected
MT. TA adjustmerit commands also include a Connection Frame Number (CFN)
specifying a particular radio frame in which the Selegted MT is to make the timing

adjustment.



frame specified in the CFN of the transmtted TA command signal is anal yzed
to determne if the TA adjustnent has been nade or if a new TA command is
required. Normally, a new TA command will be immediately required only if
the prior TA comuand did not successfully TA adjust the sel ected M.

O herwi se the TD neasurenent for the CFN franme shoul d be changed by
substantially the sane anount which the TA command was to effect and
should fall within the TD threshold. [0038] Preferred nobile termnals
(MIs) have a transmitter and an associated MI processor for transmtting

sel ecti ve[§0F6)r mat t risquefarredethat the TA signal gérerBSs only Reneratgssa T sigdabfor
frames synchroni zed by the MI processor and a receiver for receiving

or ocessor *aeste P EREn e grap itk TP oR MR el YBE rofli Slecpd MT

transmtter in response to TA data in a received TA adjustnment comand
comenci ndoesinbvhfallrwithn & selestedtaming synchrontmtioGrange, tthea TEcthreshwld ASuch
command. -10 [0039] The comruni cation system preferably also includes a

geogr aphi ' ' t.he [;}LS?] . ) LosH b &
| ocati on gf’IL ﬁﬁl@%@ﬁ%dﬁﬁ%ﬁl\) S(\i!:ylgIrzllt\%((airlttB i%na a{cﬁ?latg\gflfgwég%?grtc \Agﬁ%@hxrr?rl e&gé)sf
nmeasures TDs with respect to comunication data received froma sel ected
Ml in a sﬁ&MTSe%ﬂdsﬁgﬁem radio frane. However, using the TD neasurenents

al one to cal cul ate MI geographic location will not produce an accurate

result ifrodm7MI si gofédr the B e6ktrdletintisingd a TX tidjistencsb@ehaiicsa §dleéted

present invention, the TA of the MIs' transm ssions are known for .

\r/ ie(r:telrjl? | %—Xl\%%aﬁbomgggur}%a ‘fot icgl%em;[nqsca %nuagta-l;éceizi%ea q%ogpfhgfserlg]c%em'i‘ in the
frame spet;iﬁed in the CFN of the transmitted TA command signal is analyzed to
determine if the TA adjustment has been made or if a ncw. TA command is required.
Nofma]ly, 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 sub;tantially tﬁe same amount
which the TA command was to effect and should fall within the TD threshold.

[0038] Preferred mobile terminals (MTs) have a transmitter and an associated MT
processor for transmitting selectively formatted communication data to the BSs within
system radio frames synchronized by the MT processor and a receiver for receiving
communication data from the BSs within system radio frames. The MT processor adjust
the timing of the transmissions of the associated MT transmitter in response to TA data

in a received TA adjustment command commencing in the radio frame specified in the

CFN of the received TA command.
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signal successfully sent to the MI. Since the TD for each CFN specified
radio frane is evaluated, failure of a TA command is known as soon as the
nmeassured TD for the CFN frane is checked which is nearly instantaneously.
For a successful TA command, its TA value is used in geol ocation
calculations for the franme specified by its CFN and all subsequent franes

until a CEN jdentifjed frame of the next onmand T

geogr apht®93Pbcat i #%&PEHF‘&‘?IFW ﬁﬁ%}e%p@g@%& ?I? r'@&ﬁ‘é‘% atge%ﬁpplggﬁgator
frame based on TA conmand data which is known to have been effectuated.

[ 0040] Enddociatentxittothd BSspfarsdeterminirgtthenplatsical dooatiate of thet MIs. dh using
synchroni zi ng communi cation data at the BSs. Timng Deviation (TD) is

measured _in tifi i i C P Ric at a

recei vedc?r}vc?ﬁllgngl %@g}ifa@% (gmgg ll-IP?I%/?hlgegsmsasur egg [-g[%f] gq{thr allr?§ CstS|t%n
received fromthe sel ected MI' does not fall wthin a selected ti

synchr oncaatriumicatomg dataaretai ved niemda setpeaed MT giana rspeeidied Wiétemﬂag]%%‘éﬁbe
signal includes TA data cal cul at ed based upon the nmeasured TD. The TA
comand g th%lTDrfﬁédé@lﬁe?nan@mﬁ% dal @i e NITheso ofpNis Reatiby ivig reot
palrtl Cu::laR/ITraTh rre for effect uating a tim ng adj ust nment by the

sel ecte e TA conmand rans sel ect.ed

the TA sPERHIcE| an AFHrAlE: &F h[eh‘}/lg'tm%@ d ?v?l’ qeﬁ‘etlhlg f’r&rlild{:gf WNE‘ tht
comuni cation data transm ssi ons of the selected MI is adjusted based on
the TA daimdodiifeerofahe ippgenninveatiGiNIRCEAI 6f the VA trahsmissicols arbdnosaefored
TA command signal. The TD for data received fromthe selected MI to which

the TA it lfgﬂaelfit%ﬁ?lfrapﬁéjs, beed thd 8051 et the TASPKEAIRS rdcdft TAdESmidaREE

specifie

signal successfully sent to the MT. Since the TD for each CFN specified radio frame is
evaluated, failure of a TA command is known as soon as the meassured TD for the CFN
fre.me is checked which is nearly instantaneously. For a successful TA command, its TA
value is used in geolocation calculations 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 basled
on TA command data which is known to have been effectuated.

[0040] Embodiments of the present invention also provide a method of
synchronizing communication data at the BSs. Timing Deviation (TD) is measured in
identified radio frames in which communication data is received from a selected MT by
a BS. If the measured TD of a transmission received from the selected MT does not fall
within a selected timing synchronization range, a TA command signal is. generated. The
TA command signal includes TA data calculated based upon the measured TD. The TA

command signal also
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of the transmtted TA command signal to assure the TA conmand was effected
in the selected MI. Preferably, the TA command si gnal generation,

transm ssion and the associated TD checking is repeated when the TD of a
transm ssion received fromthe selected MI in the CFN radio franme does not
fall within a selected timng synchronization range or is not changed by

an amount._vi rtually equal -fo t NSt . Sl ne al igadl

2" ai 1 ur dndpaena LoBREFiag e rERI Ry, o Bl el TR, RERE A
command. [0041] Enbodi nents of the present invention also facilitate a . .
met hod ofeffegarginephi tinlihg adjestmeny by rtbpi seleeted MTal ThemTAj gommand signal is
communi cation system The nethod conprises effecting MI timng adjustnents

by Comm’}}eﬁﬁ}ﬂiggdrg) @@%l@&&&lm‘?. {7k TAY ds PheanAlceived B &R Redcted MIT, the

when a neasure st gnal receive a BS fromthe 'selected MI

exceeds a TD threshold. The TA command signal s. incl udin . dat d a
Connect Rimamg o thsesonummanigationidats frapspassions o ersggqc f@& a‘%P%Fﬁg’ased on
Adj ust nent of communi cation data transm ssions by the selected MI are nade

based on ththeATAutdadl ebminddis@nane CER sperifiediradidérafitNos e leteisted abiho
frame. The TD for comruni cati on data received from the selected MI in the

CFN specified radi.o fr TA cO ] i | 1L.S t rdm
whethor tHETPEBRCERYe THR Sohman a2t S s an B oufeiry A B oafeE M e
sel ected MI, thereby assuring the actual TA of the selected Ml i s known,
Measur ed cdrimiang sitmal had beer( TRhsmitied is chaskeds Eirdhe radieifiasae spacificd b det N

radio franme froma selected MI one or nore BSs is collected. The TA data
of the nogf LEHNmMREACEASESthmEAd 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 repeéted when the TD of a transmission received from the:
selected MT in the CFN radio frame does not fall within a seleét_ed 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] Embodiments of the present invention also facilitate a method of
geographically locating a mobile terminal (MT) in a communication system. The method
comprises effecting MT timing adjustments by communicating timing advance (TA)
command signals to a selected MT, when a measured TD of a signal received by a BS
from the selected MT exceeds a TD threshold. The TA command signals including TA
data and a Connect Frame Number CFN specifying a particular radio frame. Timing
Adjustment of communication data transmissions by the selected MT are made based on

the TA data of a TA command
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command signal and the TD neasurenents by the BSs for the selected radio
frame are used to calculate the geographic |ocation of the selected M.

[ 0042] Ot her objects and advantages of the system and nethod will becone
apparent to those skilled in the art after reading the detailed description
of the invention. [0043] BRI EF DESCRI PTI ON OF THE DRAW NG S) [0044] FIG
la is a schematic timng diagramof radio frane reception and transm ssion
at a nobile termnal without any.timng adjustnent. [0045] FIG |Ibis a
schenat i csignatiinghel CFN specified eatlio fraraee ThecHD forocoramtiniddtivsdits séceivedtfrém
base station without any timng adjustnent. [0046] FIG 2a is a schematic

Lerm nal Ao M ok N shERTR B Bl P A ch Bt el Rbeent o

of radio frame reception and transm ssion at a base station with a timng
advance aljtesnmerwhethestheoespctineGl Acommandi dignaltwas suncessfully effectedibiyotiad
tinme slot data and guard period structure. [0049] FIG 4 is atimng -

di agram EEtEP NI ENH ' [ UsdtdBD r i, Qdi
nunber . %650? FI g &E??? 3§§t“|¥§n‘gﬁg’l€du agr a%%? J ?%%eggaggjhag? rsmn‘)k‘gldmﬁ%fﬁgdm &
failure and, retransm éFi on under the_ conventional nethod illustrated in
Fi gure 4.t dpviption @R} of a tansmisior rassived dar al sedestad iradioc famenfroonal
met hod of timng adjustnent utilizing command confirmation signaling.
selected MT one or more BSs is collected. The TA data of the most recent successful TA
command signal and the TD measurements by the BSs for the selected radio frame are
used 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.

_ [0043] BRIEF DESCRIPTION OF THE DRAWING(S)

[0044] FIG. 1a is a schematic timing .diagram of radio frame reception and
transmission at a mobile terminal without any timing adjustment.

[0045] FIG. 1b is a schematic timing diagram of radio frame reception and
transmission at a base station without any timing adjustment.

[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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[0052] FIG 7 is a timng diagramof franme nunber synchronized tine del ay
measurenment and timng adjustnent in accordance with the teachings of the
present invention. [0053] FIG 8 is a timng diagramof recovery from
failed timng adjustnment in accordance with the teachings of the present
invention [0054] FIG 9 is a schematic diagram of a comrunicating system
made in - accordance with the teachings of the present invention. [0055]
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S) [0056] The enbodi nents
will be described with reference to the drawing figures where |ike

nuneral s omszsent Fi&e 3%%H’-’lﬂh&rﬁt'%prlﬁQ‘é‘éhvexlitﬁﬁfﬂ]tirﬁ?fs&rtrdiaﬂegatli'cpgﬁhﬂi-'ﬁ&ifgd

there is illuStrated a communi cation system 10 conprising a plurality o
base stations (BSs) 12 which conduct wireless communication -14 with

nobi | e t eHFHGHETCS (Mrs) 14. Each BS conducts wi rel ess conmunications with
MIs in a geographic cell, which cell areas normally have sone overlap. .
Where an [gD493 is FRGaY io¥ €nliap diigeam dflacdnyestio imeadjustmatimhéhotd based
general ly conducted by the-BS having the strongest signal link with the
MI. Where a_secaend. BS be%i]ns to have a stronger signal link, "hand off' of
t he conmitf BEEP §AUMYBSLSi 1 ed paraneters and procedures  for
effectuating "hand off' are well known in the art. [0058] In a preferred
syst em sy®i0583% i n aFTG: darsce timing diBgramelfesming atpstinsnt conearih fdiburar and
provided in a physical or |ogical connection with the one or nore BSs. A -

radi o net el fRR1dPLhESr BYGhvidsiondl ntbi6l ifiBRrAi0d s Fig@ 47 e connect ed.
[0051] FIG. 6 is a timing diagram of an alternative conventional method of fiming
adjustment utilizing command confirmation signaling.
[0052] 'FIG. 7 is a timing diagram of frame number Synchronizcd time delay
measurement and ﬁming 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

‘14



BSs and coordi nates communi cations over the comuni cation system 10.
Multiple RNC s 17 coordi nate communi 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 geographic |ocator be inplenented
in the RNC 17. [0059] Each BS 12 preferably includes a transceiver 20 with
an associ ated antenna system 22 and BS S|gnal processing circuitry 24.

27" and v gpebicremmindls 4 A2, Forf B endion iklest cPmuuaimpens MiBMEFs"

MI transmtters and receivers nmay be enbodi ed as separate conponents.

[ 0060] Ddwnl gevgraphicwells athiclnseli bichs avempallgdave gdnizyovditap3SWiiere aa MTul 4 is
circuitry 24 and transmtted via the BS transceivers 20 fromthe BS antenna

£ anem t o680 PYErieB hicRERIrE o ?&@@Wﬂﬁw g%"ﬁa‘ SRR R i G

BS transceivers 20 of the base stations 061] The BS processing
ci rcui t r ythestrongestrasgnal hinde with the Mhg \Uhem aér: BSsheging darhaviesnstironger
into a selected radio franme format having nultiple tine slots, which

format i g; ygiﬁfﬂ’inkn"l?a BT We%nﬁﬂﬁﬁ%aﬁ@ﬁ odbibrs B@%Sﬁ@&%ﬂirﬁ%r@ﬂndgﬁ) B?'E;ré's?

Pr ef er abl he RNC node Bs coordinate this inplefentation

Y]Yjﬁﬂ'er” bﬁﬁeaﬁ‘éé&aﬁég”ﬁﬁegaﬁc@w (cafvadn chgato | dont ?SGSpZC.S?.“EGQty'S?Lm

frams | n[Oggg] In a preferred system such as in accordance with 3G wireless protocols,
node Bs 16 are provided in a physical\or 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 inclpdes a BS controller which controls the BSs within the node Bs.
Preferably the RNC 17 includes an MT geographic locator, but it 1s ﬂot 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 circuitzy 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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wi rel ess BS/ MI' conmuni cations. 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.
upl i nk conmmuni cati ons. The sequential frame nunbers 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 neasurenent data
recorded at the BSs, identification of the MI' which nmade the nmeasured UL
transm ssion and the systemradio frane nunber in which the neasured UL

transm sgj | Ve . . XGe -

speci 11 oot fueBfiof B BBt SphiR BB AR R (L YRR fr6ipn the MTs
respective MI. A conventional intelligent algorithmis used to determne
di rect i ol4and repeived yia tha Blantenna s\yst@spé?atandgﬁs traasceivers 200 fthe basegsanond
measurenent. -16 [0064] Preferably, the comrunication tinme slots have a
guard pernpod of a predeterm ned | ength wthin which a physical reception
wi ndow noves. The TD threshold is preferably slightly shorter than the
physi cal ption w ndow and takes. into _.account failed adjustnents and
tire to G06Bt fai ithe BIQCEEPREaBIT IR A .m[u%'lsmntmhq dprmaftingpof wireless
measurenent TDo reflects the initial position of the physical reception

wi ndow WBS/MT ichthridhikcations fitota selectedVhdiefrante forynal Aagifigaiulgple tife slots,
initial TA, TAO, is nmade at the MI which, assuming TAO is successful,

AT S BEE A P T

successful if TD, + TAOis virtually equal to TD..
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 1s configured to measure received
'~ time delays (TD;) such that each TD measurement is identified with the respective radio |
frame of a received 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 made the measured UL transmission land the ;ystem radio frame number in which
-the measured UL transmission was received. When the TD mcasurcmént data exceeds
a specified threshold, the ES controller generates a TA command for the respective MT.
A convenﬁonal intelligent algorithm 1is used to determine direction and speed of the MT

with respect the measuring BS based upon TD measurement.
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[ 0066] The TA of the MI transm ssion remains constant until the next
successful TA adjustnent as reflected by the neasured TD. For exanple, an
initial successful command TAO could set the frane advance of the Ml
transm ssion to 8 units, a next TA comuand TA, could conmand the advance
the MI transm ssion to be changed to 3 units. The success of TA, would be
reflected in a retardation of the neasured TD of a received MI

transm ssion of 5 units. If TA was not successfully inplenmented, the TA of

unen T JSPRRTon SPRegRbhy e Blmiealfi timee Sk e, X A iR &7

specify a particular radio frane when the TA adjustnent is to be nmade by
the MI. TpredetemmutedT lengthmmithins ivgish a rphysicad reéceptiom vemdosy @ovesct ThelTD
Frame Number (CFN) which specifies a particular radio franme in which the Ml

il ff . S st . _
O oo BB Ded R ER CRORRE e Yl o ARG LTt
incurring the delay required for the prior art periodic TA frame nunber

based adjasspuphiailediadpistagats and ime tpsdetgct friluenared tetay adiustment.or art

Figure 4. Each TA command sent to the MI indicates a specific frane

identifigqdogy] the AhthitheTD hreablirethent PB] feflettd the idiiad plosiiofRst the Physical

illustrated in the signaling flow diagramshown in FIG "7, when the BS

reasur engREEPE P BT T fores PARICHEAME Befreimens gsiiFyt aAn

extrenely short BS controller processing delay is incurred so tine Ti is

?Egr oxi maniial BAuRIA S s made ak2zheTME Whichjasothing T Agl és secogsifud predodagenthe
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 adjustmer_lt 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 nexf 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 5 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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particular radio frane at a tine T3, when the MI perforns the TA as
illustrated in FIG 7. The CFN is selected so that TA adjustnent is
applied at a time accounting for the expected BS controller to MI
propagation and MI processing delay and that the CFN identi fied frane as
transmtted by the MI will arrive at the BS with a corrected TD. [0069]
Since the BS controller specified the frame nunber in which the TA

adj ust mrent was to occur, a TD neasurenent at T4 conducted by the BS for the
CFN specified time slot as received at the BS indicates to the BS

controll L, A ' Q ; . T. .
G 1 amt e NUBPYE (R RARAESSCGIEiEY RRUIE a6 bl whiot b Ml
the timng which was to be effected by the TA commuand signal, the TA
conmmand ctuate eskA wommandot , the BS controller can very -18 quickly

react to failed TA conmmand transm ssions and, also, can act to readjust MIs

that  haygog@psi dergBby deReRERM N A hANEEmeh PI¥elEssBS, thdBS dont®@1iEr geﬁerates
i ssuing a new TA co nd signal”. [007/0] The case of 'a failed TA adj ust nent

command i hown in FIG ,8...The. TA co nd. has not heep processed .by. t
VT S0 Aok AEommaRg SYEal VAN inkigg: the elaicimanied 1or e GEHRE PrAAticHE Ao
by the MI. The TD neasurenent at the BS at tinme Ti on the CFN frane

speci f i edranie hatbeA baesdadphstraesomatingd yucldasdiscossedridicoahectidre witkAprior art
adj ust rent has taken place. The base station controller then generates a

Cynchr onIEUA: i) I P & APl Gty B3GR 0 HRARGUETY 4R

controller, very little time is needed to generate the new TA command
si gnal . OHN whimthe ™ T wilhpprfoxnithe d14 admsanent. As illustrated in the signaling flow

diagram shown in FIG. 7, when the BS controller determines TA adjustment is necessary,
based on received TD measurements at time T1, 2 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 CFN 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
changéd 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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totime Ti. [00711 The ability for the BS controller to react inmediately
upon reception of the TD neasurenent on the frame nunber specified in the
previ ous TA command allows nore tinme to generate TA commands w t hout
exceedi ng the physical channel reception w ndow or overwiting the

nei ghboring tine slot guard period. This results in lowering the required
frequency of TA commands and correspondi ngly reduces the physical :
resources required to support the TA signaling function. [0072] The

i nventio I 1] I f ase. of '

di st anceam ﬁ%aé%ggt%fa\ﬁ[cg -]t“ﬁggggﬁ%&%e"sm SCH%? ag(li’s ?éﬁgﬁhgﬁgﬁ r%?gﬂ%?ﬂvgsf tg}alted
TA command case. Since the BS controller specifies via the CFN the

parti cul have adnsiderablp chafiged distance- front theeBS8fdinest timen€1 Hy rssuing emewt TA
received for that particular radio frane will indicate if the TA conmand

was corr I ec d and perfornmed by the MI. Accordingly, TD
neasurengﬁ@lsry%rgjateglggéﬁt he specified threshold occurring in the CFN specified
time frapes. will normally indicate failed TA commands, while_such TD
measur emf i n ot Hehe qaseref afalgdb FARdIRstantgrmpnandds shewndndii(ag® The T

| ocation. Even where the TD neasurenent of a received CFN specified tine

frame isceafinidrdtthablottisee gfo@bw‘eat b9 nthet WET, névthih a TAdjudted Q@'\Eﬁﬂaisﬁﬂot.
based on that TD measurenent to produce an accurate TA for the This is

an inportant c BilJt lace th S ¢o | Ler s _aware of i a-ei.ously
Fai | oo eARemfkEhah dbg SER) Bithe ) Loy B M, PBS T mPRSibaine el o BS Rl uBRE
avoiding the need to repeat the failed TA command. [0073] For geol ocati on,
t he geol @dasmthecGhNefrpinespecifiedgnithe (Toh commarsk iaveatdsglpadses 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 contro]ler, very little time is
needed to generate the new TA command signal. Thus, time T2 is approximately equal
to time T1. |
[0071]  Theability 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 reCépﬁon
- 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 fhe 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 CFN the particular radio frame a TA is to
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froma selected MI by several BSs with a higher degree of reliability.
Wiere a selected Ml is in conmunication with a BS for conducti ng nor mal

t el econmuni cations, that BS nornmally transmts the TA command signal s
generated by the BS controller to the selected M. Since in accordance
with the invention, the TA of MI transmissions.is known for all radio
frames, the geographic | ocation can be easily calculated by conventional
triangul ati on methods utilizing the known |ocation of the BS, the TA data
of nost recent successful TA connand signal (or O where no TA conmands have

been  SUGGESSEIL) 1 FELIS oA EOPHON BafculRY A farfbAI iddicktt if

possi ble To0 prov e geograp ion ase using trirangulation upon t
TA, the TD neasurenents fron1 tmo 'BSs, unambi guous aphlc | ocati on

i nf or mat ithe TA £osemand twasregrreotiyaregeivad and pedormed gayoﬁ%c whseerdmgly, TD
measurenents are obtained fromat |east three BSs. [0074] In TDD systens

where t herpeaélﬁeﬁf&hys &&ﬁ%g&@&%&%&r@& oﬁéardrfsgqnwe CHN §RREVHRR frames

relative frame reception erence between cell The cel I reception

di fference asur biped with distapnce fr he current cell

refl ect eawﬂge nepgal B’TBIM%M itA‘ ¢HBIBRAS} M SPSﬁLP&iB&aéBTﬁ"ée‘lt%hPﬂ@ﬁ“me
determ nation in such systens based on the TA of the MI and the single BS

TD neasurfeames will honhalll ndikaearchiangs s M Piddations Breasviic st TDimesduebment
cal cul ations. [0075) Preferably, when a geographic | ocation request is

BS. 1D meh A SRt P Suev B b TR Slefi e A MICTIE iy fe Ho A

collected fromthe BS in primary comunication wth the selected MI, in a
TDD syst evignalisigenarateddmsodnn ithataI D B®asuremeut tatiroduesyar agpurate TA for 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 n.eed
to repeat the failed TA command.

[0073] For geolocation, the geolocator can employ triangulaﬁon ofreceived signals
from a selected MT by several BSs with a higher degree of reliability. Where a sélected
MT is in communication with a BS for conducting normal telecommunications, that BS.
normally transmits the TA command signals génerated by the BS controller to 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
geogmphic location based using triangulation upon the TA, the TD measurements from

two BSs, unambiguous geographic location information via conventional triangulation
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al so fromone or nore other BSs. The geol ocation is cal cul ated based upon
the TD neasurenents gathered for the specified tine frane and the TA
reflected by the nost recent successful TA conmmand effected by the

sel ected MI. Accordingly, accurate geographic |ocation of MIs can be
performed virtually at all tines since the TA of the selected MI is known
fromthe TA conmand signals which have been successful as determned in
accordance with this invention. [0076) While the present invention has been

d I bed in.t f f d: di t h hal i whi ch
Cee T AR atObE TSt 215 FElBlE ane EBOORT b IS L HB 2 Sl 1
be apparent to those skilled in the art. -21 CLAIMS Wat is clainmed is: 1.

A et hod00@4] a nobin EDesystemls whers yhereris pnbecominunicatisrawsith crss BSstHer MiT
the nobile termnal to a base station in wireless bi- directional

conmmuni i ] bl t 1) ti fr {.

havi ng %Z%ougﬁfﬁﬁscr eli%g\fé)%%}%f?ﬁ glr% @ﬁ%%éearbré&&tnhé t I%[ﬁ)géec%ll%ﬁapst}%:
recei ving communi cation data fromthe base station within systemtine
frames idiferaticameasutaments sambieed withrdistanpe fiom thel quaeent celaaefiadiedbethiat a
and a Connect Franme Nunmber that specifies a specific franme for effectuating

a ! 'ngbplﬁlgéﬁéeﬁhﬁ At ’iihr?aB@s AWBWS tonged8phicioRatish dsbliniatibA s Tk isPSend
based on the TA of the MT and the single BS TD measurement. It is also known to use
.pathloss measurements in such calculations. |
[0075] Preferably, when a geographic location request is received, the geographic
locator specifies a system time frame in which. BS TD measurement of received
Uansmissions from the selected MT is collected from the BS in primary communication
with the selected MT, in a TDD system, and, in a conventional BS triangulation system,
also ﬁom one or more other BSs. The geolocation is calculated based upon the TD
measurements gathered for the specified time ﬁémc and the TA rcﬂecfed by the mdst
recent successful TA command effected by the sélcbted MT. Accordingly; accurate
geographic location of MTs can be berformed 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

embodiments, 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.
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response to timng advance data in the received timng advance signal
comencing in the tine frane specified in the Connect Frame Nunber of the
received timng advance signal. 2. A nobile term nal that supports wireless
bi -directional conmmunications with a base station that use a tine frane
format having sequentially identified systemtinme franes conprising: a
recei ver configured to receive conmunication data fromthe base station
within systemtinme franes including timng advance signals which -22
include timng advance data and a Connect Frame Nunber that specifies a
specific franme for effectuating a ti GLAJMSj ustnent; a transmtter and an
associ ated processor, said transmtter configured to transmt selectively
forrrattedw;g nigatéPry:data to the base station wthin systemtine franes
synchroni zed by said processor; and said processor confrgured to adj ust

timng of trangm ssi,ons trans in res onse m n vance
data in a received tAi SLQ%vé%e ﬁ}& 8 ﬁ%’“tc 501}1 u%r %ﬂ
specified in the Connect Frane Nunber of the recelved timng vang
si gnal . 3.transmissiomst &om rthe Bwbplei WAgnal toedebdey statien dﬁs?‘hnfec hd an
associ ated processor; said receiver configured to receive wreless
communi catdisset®nghabmmuhichtions exqitbnthicabhse isteetndn fthetd utilive & rtamesframel udi ng
ti m ng advance signals
format having sequentially identified system time frames, the method
comprising:
receiving communication data from the base station within system time
frames including a timing advance signal which includes timing advance data
and a Connect Frame Number that specifies a specific frame for effectuating a
timing adjustment; and
adjusting the timing of uplink transmissions of the mobile terminal in
response to timing advance data in the received timing advance signal

commencing in the time frame specified in the Connect Frame Number of the

received timing advance signal.

2. A mobile terminal that supports wireless bi-directional
communications with a base station that use a time frame format having
sequentially identified system time frames comprising:

a receiver configured to receive communication data from the base

station within system time frames including timing advance signals which



whi ch include timng advance data and a Connect Franme Nunber specifying a
specific franme for effectuating a timng adjustnent; said transmtter
configured to transmt selectively formatted wireless conmunication
signals within sequentially identified tine frames synchronized by said
processor; and said processor configured to adjust transm ssion tinmng of
said transmtter in response to timng advance data in a received timng
advance -23 signal commencing in the time frame specified in the Connect
Frame Nunmber of the received timng advance signal. 4. A nethod for

synchroni zing wirel ess comunj cati on sjignal s a bile termna

conpri si nghcludechiting %V%F%%t%@ﬂ%.lﬂi ‘gT%IP%Fﬁ @%I@‘P‘R}’?%ﬁ\at‘s éﬁ?ﬁh?§ Aly
identified tinme franes including timng advance signals which include
timng adwpecdic fiama faneffect@atinget timingwdetbentspeci fyi ng a specific frane
for effectuating a timng adjustnent; and adjusting the timng of wireless

communi cati on s gRlsplitRpSHdSEh GRSo@hted ProcEBr| Saidetrahsmlitten corfiparge to
timng advance data in a received timng advance signal comrencing in the

time frangoSReGhlie GheldbelVafy GofHREGEA IR AR dfa 11 (hEARINKCHakIoH NY
advance signal. =~ -
within system time frames synchronized by said processor; and
said processor configured to adjust timing of transmissions of said
transmitter in response to timing advance data in a received timing advance

signal commencing in the time frame specified in the Connect Frame Number

of the received timing advance signal.

3. A mobile terminal comprising:

a receiver, a transmitter and an associated processor;

said receiver configured to receive wireless communication signals
within sequentially identified time frames including timing advance signals
which include timing advance data and a Connect Frame Number specifying a
specific frame for effectuating a timing adjustment;

said transmitter configured to transmit selectively formatted wireless
communication signals within sequentially identified time frames
synchronized by said processor; and

said processor configured to adjust transmission timing of said

transmitter in response to timing advance data in a received timing advance
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signal commencing in the time frame specified in the Connect Frame Number

of the received timing advance signal.

4. A method for synchronizing wireless communication signals by a
mobile terminal comprising:

receiving wireless communication signals within sequentially identified
time frames including timing advance signals which include timing advance
data and a Connect Frame Number specifying a specific frame for effectuating
a timing adjustment; and

adjusting the timing of wireless communication signal transmissions of
the mobile terminal in response to timing advance data in a received timing
advance signal commencing in the time frame specified in the Connect Frame

Number of the received timing . advance signal.
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