[ 0001] SYNCHRONI ZATI ON OF TI M NG ADVANCE AND DEVI ATI ON [0002] This
application clains priority fromU. S. Provisional Application No.

60/ 195,087 filed April 6, 2000. [0003] The present invention relates
generally to digital conmunication systens. More specifically, the

I nvention relates to a system and nethod for synchronizing uplink and
downlink transm ssions for tine division duplex and tinme division nmultiple
access protocols to conpensate for radi o propagation delays. As an
additional benefit, the systens facilitate geographic |ocation of nobile
term nals.. [0004] BACKGROUND [ 0005] In the proposed 3°d generation (3G

W reless protocols, tine division duplex (TDD) and tine division nultiple
access ( TOREG1Ime? ¥DYSHR ONIEATIQN| QF sF BUINGIAD VANCOE AND DEVIAPEIONi 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 duah%)%/)ﬂssi gned .for i.lpl Lnk (UL) or downlink (DL) transm ssion.
[0006] Ra r ansmi Y5 3RBICafEqH claigs apieyityi Bamybl.Sy Prasrisionek Application No.
di stance from a transmtter to a receiver. In nobile cellular

comuni catDH®55085% fites] ApHib6e200.ays vary over tine as the di stance between
a nobile termnal (Ml and a base station (BS) -1 changes. In order to

receive ¢ i cati ' i it hout er,ro the, tine of reception
nmust be k ownljt o thg‘hre T egél &Vg}hf@enﬁgﬁ rfabdl gcneraliy {s dlglhtal 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
prptocols to compensate for radio propagation delays. As an additional benefit, the

g

systems facilitate geographic location of mobile terminals.

10004] 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;lissions 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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[ 0007] To conpensate for varying propagation delays and to nmaintain a known
time of reception, the tinme of transmssion is periodically adjusted. The
transm ssion timng adjustnment is perforned in the MI rather than the BS
since many MI's are supported by a conmon BS and the propagation delay for
each MI is different depending upon distance. The BS downlink radio frane
transm ssions do not vary overtine and are used by an MI to synchroni ze
uplink radio frane transm ssions. [0008] The MI synchronizes to a BS

downl i nk transm ssion that has incurred a propagation delay. The MI uplink
transm ssi giarlesO ThSidES t& rélc?P@edhiRiniéatiay traRBRE SIbARWINLUE Fhdr, #2 &Re of
downl i nk propagati on delay. The uplink transmssion received in the BSis
t he sum of the.downlink.and upljnk propagation delays. Radio frane
recepti on (CEERUARHYSE Pm&#@sﬁ%ﬁ“’?&) at a MI before any tining
adjustnment is perforned is showmn in FIG la. FIG la illustrates a BS
transm tte@ODZ]ti me Foatorif&isate Eorevargihgprdpagatifin idetaydiaaidetoymadithbing Enbwna
MI transmitted UL tine slot,(TS). Radio frane transm ssion (DL) and

reception £LUL) ' hefor.e . L | nti S, perforned
I S showni nﬁﬁbgﬁ%ﬁ&@%\%ﬁgﬁﬂ: I%E.s ,g?ﬂégs@ﬁés i’/ﬁ%&%ﬁgﬁmd‘@‘i%g%ﬁﬁ? ApspIon
i mredi atety followed by a BS transnmitted DL tine slot. [0009] As reflected
in FIG | auming almsémashsoperfermed inhbeddiintathge thanethel BS sinec epariyoMBls are
time Tl and initiates its uplink transm ssion imediately thereafter. As
shown in ke orhR Ioph ' i 4 B 1SRl 4
the BS ocgdl}f@go _gbg{é&[i neE)%ZM;A%%@%e engg%t?ﬁadég%é?g%}aﬁgwggll%%%@@n@??@?%

TS) receiyved t he rs_at . . . .
(TS) upon c?lgtance. %Ee B’ downfink radio frame transmissions do not vary over time and are

used by an MT to synchronize uplink radio frame transmissions.

[0008] | The MT synchronizes to 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 upliﬁk propdgation delays. Radio
frame reception (DL) and reply transmission (UL) at a MT before any timing adjustment
is perfc;rmed is shown in FIG. 1a. FIG. laillustrates 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 Ease 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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time T3. The difference between tinmes T3 and T2 is referred to as timng
deviation (TD) and is equal to the sumof the uplink and downlink
propagati on del ays. [0010] The TD can be identified and used to conmand the
MI to adjust the uplink time slot transmission time in order to

synchroni ze uplink transm ssion with downlink reception at the BS. Since
the MI is synchronized to a received downlink tinme slot that has already

i ncurred a downlink propagation delay, the MI nust advance transm ssion of

uplink ti . fy: UD] | nd. do I\nk pro [ del ays.
Thisis  PEATICTS ol hlepdden bR ot it ARG ABYEES o BEBThe BY Sni B
=- UL propagation delay + DL propagation delay = T.quation | [0012] Radio
frame recdiee &3. (Tihe)disfesencetieyveeratinws ISiand T2 isanferfedibas timihg defiation (TD)
adjustnment is shown in FIG 2a. FIG 2a shows a BS transmtted DL tine slot

fol l owed Bydas kbRl t%q}’lé'%ﬁﬁijof\ﬁetlgﬂﬁ&’g idmit hg%gég&n ﬁ%{a&ge Mr. Radi o

frame transm ssion (DL) and reception at t statron after TA

adj ust men the transpissign.is .shown in FIG 2b. FIG 2b shows one BS
transni ttl@:‘%ﬂ time ﬁlP% ‘?ﬂ’?&ﬁ‘g%ﬂl eé)%q vssdkda copmand the Mive adigt the uplink
transmtted UL tine slot as received at the BS. [0013] The MI has advanced

the UL ti timesslot tfansmsssios tiofe acoded kdgyichrohiee Uplinkoramadsdio With OBwBiHLO
time T4. Since the received time slot at tine T5 has already incurred the

DL propagatd . ' slot transmssi.on.tine..T4 -3
synchroni géeds? Btﬁ ﬁfel%lrt gﬁ%gﬁ??ﬁ\ﬂ? %‘VF%TW ]gf%ypﬁ rogge% o) r\?ﬁ%“’% fif’wnl‘ltﬂpe iRt dhated
by -the expected UL propagation del ay.

- ﬁas 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 1s

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 propagati on del ays)Equation 2 [0015] T5
= T6 (BS next tine slot) + DL propagati on del ayEquation 3 [0016] T4 = T6 (BS
next tinme slot) - UL propagation del ayEquation 4 [0017] Accordi ngly, the TA
adjustnent of the MI transm ssions results in synchronization 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 to the cal culated TA
MI' commands for TA adjustnment generated by the BS controller may require
consi der abl e physical resources, it is inportant for the BS controller to

generate Té"ﬁ:ﬂh . | t : W] LN {1 '
signal i ng over @%g@%o%gmﬁﬁi‘@ ’1}62(}:4‘ ﬁ%’tj%? el%lg%ségs[?%;tﬁg%asﬁtt %%@gbgé{)ﬁe g’cf
(GP) with respect_to the tinme _ slot duration, within each radio frane

bet ween t r&Raefad Wl prepagafiondelaytine slot. A conventional tine slot
structure is shown in FIG 3. The GP avoids sinultaneous transm ssion and
reception in either the BS or MI. A "physical reception w ndow' of
operation, which is substantially smaller than the GP, dictates the allowed

timng deyiation. Th hysLc r.ecept. wi, ndow shift.s wthin the_GP as Ml
propagat i 3?@039 ay ch:’r‘%'e_sr.fg - Zalll A 6@5@]‘)#%2 aﬂ@i&tj?@ﬂ’aﬁﬁpgm%@@ t heEABREOR dn
of the physical reception window wthin the GP. The TA provides a

correcti vgOHtit of the phpst Tél (Benextttime sluitnd DL prépapationhdel&d. Efuation 3
i nportant to synchronize the TA adjustnment in the MI and BS, since

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

[0017] Accordingly, the TA -adjustment of the MT transmissions 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 according. 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 éi gnaling 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 tirne 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
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.



the BS reception wi ndow shifts as well. Conventionally, the BS controller
continuously. nonitors the TD for each M independently and generates TA
commands i n advance of the allowed physical reception w ndow bei ng

exceeded. [0021] The logic used to generate TA conmmands i nfrequently nust
al so take into account the possibility that radio transm ssion failures
can cause TA commands not to be received by the MI. This requires a fast
and determnistic way to recogni ze when the MI has not performed the TA

adj ust nent 22] Thg,.T. hiiQnal | used.tq determ ne {he

| ocati on o[fooll%rl@'g Si @e e%%?%@?g?@%ﬂ%&@ﬁ@%ﬁ@& Sécq?(Se‘f 10 Wingew

bet ween an &/g and a BS, the TDs fromseveral BSs for a particular MI can
¥

be used t ovEhittheatbE. byhe rhApyavides ercortestiviyEhifo ofitthe phykRaP sdceptioar waidéw
produce accurate TA signals in connection with maintaining the reception

wi ndow, mivithinzthe G151 BRAIhPSHANSS BROT RGAL ' ! L0
know the TA for the tine 8115’(%? the 'TD mggg%easuggggﬁ%gﬁ# %:narlﬁ% Iﬁggaq{(tﬁggﬁpfgd
nly to allow the TA to take affect

t hat one d to.accomplish.this i

i the v B ERE P s R How ahifls el + Camtan iopobzatic e crabelleoconimiusiy e
TA adjustnment in the MI and TD neasurenent in the BS to a specific

sequent i amonitors the ARefareadh MT indepeadathy imtbgériorBes TA e6@PhARR ia%dvaice
processing in the MI of the BS generated TA command is not known to the gg

(}::) gp;‘ :’)8! Le][tl;n% %Te@wﬁarf%%féapf@clepff@ﬁ WAfadw bte?ngog)lcé/ee%cli.ow adj ustments on

S [0021] 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 torecognize when the MT
has not per.formed the TA adjustment. ” o
{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, the
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
method to accomplish this is only to allow the TA to take affect in the MT on specifically
identified frames.

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

the BS to a specific sequential radio frame is difficult since the time of reception and
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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 comrand can be
processed in advance of the next periodic TD measurenent. [0025] To
determ ne the TA frame nunber period necessary to coordinate the process,
the worst case | atency between BS controller generation of the TA conmand
to MI processing nmust be used. This is the mnimum period necessary to
guarante: TA adjustment on the next TA frane nunber. For .this case, the BS

controller_needs ta inifj-at he ocedure, | diately.follow ng the
previ ous TRIFFSHIRS Hﬂn%‘grmrq%oﬁ?e ?ﬁgen%fﬁf?cmf)wm 1§ gqtﬁlcg)v%g\ to the BS
adj ustment delay of up to two TA sequential frane nunber periods. [0026]

As shown icorttaler4, Ohdeonvestionaiseetiatideiscy dnly;alloBSadprenahisoon peribfic frame
processi ng of the TA adjustnent comrand is the tine between TA frane

purber s, W BRI SRS Ry OB g -, RFORLE HhAPEE

guarantee coordination of the tine the TAwll take effect between the MI
and BS, t Haumbersase comyentionallyrusedr dlowaver, the partosbnendstie bemxicessively lasgs foe
to generate the request at tine (T3). The result is when the TA

requi r errergudrﬁnteeQﬁﬂrﬂhéeﬂAaﬁon&mra'ﬁch:hntﬁ@ngﬁ%@edtiﬁ FRAneé BTk Re h'&ﬁ%éé}'%ditch'le"D

adjustnment is greater than one frane nunber TA period, and at ti

delay is less the two frame nunber TA periods. [0027] (FN TA period) <
(actual ti"HETWCREfhst TA) < (2(FN TA period)) Equati on 5 .

[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
adjustment on the next TA frame number. 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 fru.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 recognized at time T1 the delay to coordinate the TA



[ 00281 Applicant has recogni zed that this nethodol ogy for TA coordination
using specified frame nunber TA periods results in excessive TA del ays
that can be avoi ded. For exanple, excessive delays can arise due to the
potential for failed radio transmssions. In this case it is necessary to
recogni ze the failed transmssion in the BS controller as quickly as
possi ble so that a new TA adjustnment command can be regenerated. Using the

frame nunber TA period nethod, the BS Controller will wait for subsequent
an ex justpent to determine if a TA

TD neasurepents follow n ected TA a [ )
command Cgﬁgﬁqqglt%grre@&g%g?%pga%am surnbse TApeniodyand st ting T8 the delaglis less
this prior art exanple, the BS controller, after receiving a TD for

correct i orthattwa frame ntMbenBA pspiodsf or a subsequent TD measurenent at time
Tl that indicates the TA adjustnent did not take effect. The difficulty
with this signaling method is that the BS controller does not know exactly
whi ch TD neasurenent identifies the TA adjustnent failure. As a result,
the BS controller in order to mnimze TA commands nust wait for the worst

case TA adP08vhent(Fieldypasisdire (acteaitemats adjust TA)co@ENIT AbpagodEqintion 5
recei ved TD neasurenent. -7 [0030] Another prior art solution has the Mr

confirmeach TA command as shown in FIG 6. For this exanple, a tinmeout on
the TA confirmation will result in retransm ssion of the TA conmmand. The

g R TR SN SXORS. Y

approximately twi ce as nuch signaling since every command is confirned.

This - specified frame number TA periods results in excessive TA. delays that can be avoided.
Forexample, excessive delays can arise due to the potential for failed radio transmissions.
In this case it is necessary to recognize 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 TO, 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 failuref 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.



I's undesirable, since a primary objective is to reduce the TA command
frequency. [0031] Accordingly, there exists a need for a system and net hod
that allows for fast and efficient radio frame tim ng adjustnent w thout
excessive command signaling requirenents.. [0032] SUMVARY [0033] The
present invention is directed to a systemand nethod for reducing the

| atency fromtimng deviation (TD) neasurenent to tinme advance (TA)
adjustnment. The invention uses a determnistic procedure to coordinate

ti me advance (TA) commands and timng deviation (TD) neasurenents so that
failed tra 1.§Si ONS ,0r bile term nal i I opagat jgn changes can be
r ecogni zedﬂgﬁcﬁﬁcor r e&f@&ﬁgﬁ}i{if’fﬁsi%ﬂ%\% ﬁqvﬁe&gﬁ%‘%?‘ﬁé&t @TFF@%gﬁéﬁﬁpyn
maxi m zed by mnimzing signaling overhead through effectively reducing

t he frequenc\FI&. 6i nFaditancexangiepadtimebt soni $hacCAnpbnffiestidy wilkaefylitnh
particular radio franmes for tinme advance (TA) adjustnent by including a
Connect Fr i . i or fimn

devi ati on %%)ﬂsﬁlelf%ﬁ %ﬁ@%’?ﬁsA ? gﬁﬁhe&? W%c d}lﬁ}%&@ﬁ%ﬁa&a@%@ %F ﬁé%ogﬂlﬁ?q‘rf?éﬁr
since the TD neasurenent made in the BS -8 for the CEN specified radio
frame, in Wenoraiting fopthalT dsframetnumben pering ioectpitsyy However, this fasterattevery
whet her or not the TA was actually adjusted. [0034] A preferred

conmuni cat{e@irey GhROkEHARYY vpicBas fnihdl gl @ﬁ»)ce/eyeﬂbédrﬁmaha?%&?ﬁigﬁé@ This

) I 1 |
w rel ess bl-dli‘eg%IOI’h’;ﬂ conmuni cati ons vi a ?he utilization of a radio frane

Al i ' [ . B h
For mat havi,g SSAUSEt LRkl Y JTRS! St BTSN hE AR Lommhasd Bentndy® 2
{0031} 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 present invention is directed to a system and method for reducing the

| latency from timing deviation (TD) measurement to time advance (TA) adjustment. The
invention uses a deterministic procedure to- coordinate time advance (TA) commands and
timing deviation (TD) measurements so that failed transmissions or mobile terminals
signal propagation changes can be recognized and corrected much more rapidly. Radio
resource efficiency is maximized by mintmizing signaling overhead through effectively

| reducing the frequency of time advance commands. This is 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 is then minimized since the TD measurement made in the BS
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transmtter for transmtting selectively formatted comruni cation data to
M's within systemradio frames and a receiver for receiving conmunication
data from MIs within systemradio franes. The BS receivers have an

associ ated processor for neasuring timng deviation (TD) in identified
radi o frames of communication data received froma selected MI. [0035]
Typically, TD neasurenent is nonitored for all radio franes. The BS
processor associ ates the respective sequential frame number with each TD
measur ene ftﬁﬁt Fransm Si o received in a radio frame thereb

est abl i shi CFhbsnecibed zadia frania, in gdigh e d v adystment wastp é@lmdﬂebyth@

commands are generated by a base station controller that is associated

W th the BT, fdll reflerti whedied ér A6l tHe e las @efTMRORjhsed, transm SSI on by the
BSs to the MIs. The TA adjustnent comrmand generat Or generat es

adj ust nent nds | ude the TA adjustnent | ue, calc d hased
upon the [Rggﬁmecer#h E%es‘g??fpmflﬂl% Cykegna*sapgg eém%%ﬁm{g’%
for a selected MI. TA adjustnment commands al so include a Connection Frane
Nunber ( Credmingb@diT) yiirejess bpalitectiohial coraoimichtianeviathawiilizatidieo fetaekis fdrd
Is to make the timng adjustnent. -9 [0036] It is preferred that the TA

si gnal ly S | ct
nmeasur ed %ﬁgépgaﬁﬁ ss:ilgﬁ9r%@g§€rg % Mt éed“s)gfrﬁﬁ{ 5 %’ %\é\@%ﬁo%\?%lq
within a sel ected m ng synchr on| zation range, i.e. a TD t hreshol d. Such
a TD t hr edRosERIGEr etF%‘FS&B %é‘F lgetivedy dormaited camsnypication elagh jo M IS within
recepti on wi ndow of

system radio frames and a receiver for receiving communication data from MTs within

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 measurement
of transmissions received in a radio frame thereby establishing a time associated with
each measurement. 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 successful TA command's adjustment and a measured TD for a selected
MT. TA adjustment commands also include a Connection Frame Number (CFN) -
specifying a particular radio frame in which the selected MT is to make the timing

adjustment.



the MI's and BSs. [0037] After the BS controller transmts a TA adjustnent
command to a selected MI, the TD neasured for communi cation data received
fromthe selected MI in the frane specified in the CFN of the transmtted
TA command signal is analyzed to determine if the TA adjustnent has been
made or if a new TA command is required. Normally, a new TA command w ||
be imediately required only if the prior TA comuand did not successfully
TA adjust the selected MI. O herwise the TD neasurenent for the CFN frane
shoul d be changed by substantially the same anount which the TA command

was to eff nd should fall ,.wthin e, TD.threshol d., [0038] Preferred
nobi | e termbrt:fzgﬁ1 s (M]'gt)ls W&‘?/tgrrgd%%tr@ﬁiﬁ‘géﬂg%@eﬁﬁa&rﬁéyﬁéﬂﬁlﬁs aglrﬁ‘eé%érfoi
for transmtting selectively fornmatted conmuni cation data to the BSs within

syst em r ada eclecteddd Tsyher tienmeashirby T e fMirpisadesisn recsived filops the/edledted MT
receiving comunication data fromthe BSs within systemradio frames. The

MI' process | : t iRl {he fransnl ssions of. the Qci,at.ed
tranom £ eaoo et da SrilE & St P g SRR BB bt RER G RAn ich
comrencing in the radio frame specified in the CFN of the received TA
command. -4 8L twedieldisprefarablyi sshadtedhta garrelateowithdhaphysigakrecepion sindaw of
geographic locator associated with the BSs for determ ning the physical

| ocati on ahetMTsMhg B$g) using conventional triangulation, two or nore BSs
nmeasures TDs with respect to comunication data received froma sel ected

MEin as %ﬁbf?j ed Syfitﬁ%g}ﬁeaﬁg%oil{?r%ﬁ%i‘ transmits a TA édjustment command to a selected

MT, the TD measured for communication data received from the selected MT in. the
frame spec;iﬁed 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
measuremeqt for the CFN frame should be changed by substantially the 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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However, using the TD nmeasurenents al one to cal cul ate MI geographic
|-ocation will not produce an accurate result if the MI signal has been TA
adjusted. Wth the present invention, the TA of the MIs' transm ssions are
known for virtually all radio franes, since the actual TAis the TA of the
nost recent TA command signal successfully sent to the MI. Since the TD
for each CFN specified radio frane is evaluated, failure of a.TA - conmand
is known as soon as the neassured TD for the CFN frame is checked which is
nearly instantaneouslﬁé For a successful TA command, its TA value is used
a

"in geol d888Pbn cal The¢ eoinemenitation siysteémeprefapelyi Aseihdbyddstsgigiaphid fattor
subsequent frames wuntil a CFN identified frame of the next successful TA

comand. ; | ' ] t ' r eSpest
Co any T adh SO ARE S o e A I PRl e B BN s 1305 he
ef f ect uat ed. L0040 The g{_Rrive,nt ion al so provides a nethod of synchroni zi ng
comuni catGoBxNeRtBenal spangilagen, twayi oy ML aBSenmerpyrass Thsswithd respect to

identified radio frames in which conmmunication data is received froma

sel ected MbniyuaicBfion|datd becoiead fiopdl aTé2ledted MUY a8 BhESiel Jya6dh Hodiof fiffe.
the selected MI does not fall wthin a selected timng synChronization

Gata cal ooty SPaduBEEE iRl Be Rl Eiondio Sl SR NET aradbbicios fich Sall gt
i ncl udes a Connect Frame Nunber CFN specifying a particular radio frane for
ef f ect uat iPEgduce ampoepTat] mu&éﬁtthbwﬂhﬁgnef/hm beerMTA Tdjms®A. cWitnitie piggeat
is transmtted to the selected MI. If the TA signal is then received by
the sel ecigferbn, YRS TA of the MTs' transmissions are known for virtually all radio frames,
since the actual TA is the TA of the most recent TA command 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 fraine is checked which is
nearly instantaneously. For a successful TA command, ifs TA. value is used in
geolocation calculations for the frame specified by its CFN and all subsequent frames
until 2 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
d_ata which is known to have been effectuated.
[0040] Theinvention aiso provides a method of synchronizing communication data
_ at the BSs. Timing Deviation (TD) is measured in identified radi.o 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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timng of the comunication data transm ssions of the selected M is

adj usted based on the TA data and commencing in the CFN specified radio
frame of the received TA command signal. The TD for data received fromthe
selected MI to which the TA command signal had been transmitted is checked
for the radio frame specified in the CFN of the transmtted TA command
signal to assure the TA command was effected in the selected M
Preferably, the TA command signal generation, transm ssion and the

associ ated TD checking is repeated when the TD of a transm ssion received

fromthe ed i n CEN, r adi o does. not- fal] wthip a_ -

sel ected t %‘ﬁ@és %%‘F’Sﬁ# ﬁ?@&% mpﬁﬁ)&y’@ﬁaﬂgﬁm %nf%ﬁﬁuﬁ'ﬂme for
virtually equal to the TA adjustnent, since this would indicate a failure
of the sel effectialifigt o timpigeadjustmérd byrtheiselested MRNSThé tEA JAngRmdesignal is
[0041] The invention also facilitates a nethod of geographically |ocating a
nobi | et eghBakttd D thi 30l | d.conmpris
effecting MI ti mng tggjrgﬁl;%tc fr%((;lnt S 'b@ﬂ%éo%%us?lg@elu? glqullg;q? ?%éwg%élg}ﬁﬁ%%%%t?awn the
command signals to a selected MI, when a neasured TD of a signal received
by a BS frgFHIFEQf%l& enEmgat sragsmissiansraf she selected MTAs edjustedbased on
signals including TA data and a Connect Frame Nunmber .CFN specifying a

parti cul ar thea®iA0 dhfaadd coiith&bife ik ThERNFNOSpee RN i & tan i
transm ssions by the selected are nmade bzfs‘ed on the TA 8gﬁta@lgfrege]¥ﬁd TA

command - Si . in t ecified.radi.o frane. The TD for _.
communi cat M%nggglei %ﬁcfﬁoﬁﬁ% ‘falli?e reeqined Bemvibe selerieddT dparhichdhe TA
radio frame of a TA command signal is checked to

command signal had been transmitted is checked for the radio frame specified in the CFN

of the transmitted TA command signal to assure fhc TA. command was effected in the
| éeier::ted MT. Preferaﬁly, 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 équal to the TA
adjustment, since this Qould indicate a failure of the selected MT to implement the
previouély transmitted TA command.
[0041] The invention also facilitates 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 cbmmand signals including TA data and a Connect Frame Number
.CFN spccifying 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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determ ne whether the respective TA conmand si gnal was successfully
effected by the selected MI, thereby assuring the actual TA of the
selected MI is known. Measured timng deviation (TD) of a transm ssion
received for a selected radio frame froma selected MI one or nore BSs is
coll ected. The TA data of the nobst recent successful TA commuand signal and
the TD neasurenents by the BSs for the selected radio frame are used to
cal cul ate the geographic |ocation of the selected MI. [0042] O her objects
and advant ages .of the system and nethod will becone apparent to those
skill ed i fignd imthe GFNespactlial vaglie flameetHha ED foeseminpnicatiaif dith eedeivexhfrionn.
[ 0043] BRI EF DESCRI PTION OF THE DRAWNGS) [0044] FIG la is a schematic
timng di aheseletfedMBiif the AN §RCERED R 'ﬁﬁf}, : i

term nal wthout any tining adj§ ust rr%%?‘ml?g%% 6%?%@ [ gngg@%qegked to
timng diagram.of radio frane receptjon and _transm ssion at_a base station
wi t hout ar‘i%t‘?l?fmlﬁg" s ﬁéﬁﬁPecﬁﬁﬁ cpmaiand;signalwas sugeessullyieffeste by gham
of radio frane reception and transm ssion at a nobile terminal with tim ng

advance. [s6l2¢®d MG thetebysasausinpahaactial MA o tli sdeaed M RdhRvwil. aVBasured
reception and transm ssion at a base station with a timng advance

adj ust nent;...~ .13 i 4l ustrati of a,conyent.i onal ti.me
sl ot dat at“é"r’]’é‘ %g%%‘agé%]é § og 0@? rta%rfsur%%lo#(}%ﬁ%]"egﬁg 25qlECtgd Tafiq, ae, fiozm a
of a conventjonal tinme adjustnment nethod based ;
selected M T one or thore BSs is collected. The TA data of the most recent successfit!l 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]1 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 receptfion 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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on periodic frame nunber. [0050] FIG 5 is a timng diagramof timng

adj ustnent conmand failure and retransm ssion under the conventi onal
method illustrated in Figure 4. [0051] FIG 6 is a timng diagramof an
alternative conventional nethod of timng adjustnment utilizing comuand
confirmation signaling. [0052] FIG 7 is a timng diagramof frane nunber
synchroni zed tine delay neasurenent and timng adjustnment in accordance
with the teachings of the present invention. [0053] FIG 8 is a timng
di agram of recovery fromfailed timng adjustnent in accordance with the

t eachi ngs e pre | nven i on [ 005 FIG .9 hemat i ¢ .di agr,am of
a communi c@i(}%g syst o'é ang tr EARYO; 8°wfif%‘ilqnﬁﬁtlfft§a°§maa d pertod
present invention. [0055] .DETAILED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENT$tB)ctufeD056] The enbodi ments will be described with reference to
t he draw ng figures where |like nunerals represent |ike elenents

cormcauVOHF0yclonFIE- SR AR oy R ekl B esiog e

whi ch conduct wirel ess comunication -14 with nobile termnals (Mls) 14.
Each BS co®wperiedigiframesymbesnuni cations with M's in a geographic cell,
whi ch cell areas normally have sone overlap. Wiere an MI 14 is in an

over Ingp arfmsopi - di r BEG. 3'a)l a GRRRgdia2tan? df i tinBRNSdjabinye R SUIHATSd fanufr@%nlﬁs
retransmission under the; conventional method illustrated in Figure 4.
[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 synchronized 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
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the strongest signal link with the MI. Where a second BS begins to have a
stronger signal link, "hand off' of the comunication occurs. Desired
paranmeters and procedures for effectuating "hand off' are well known in
the art. [0058] In a preferred systemsuch as in accordance with 3G

wi rel ess protocols, node Bs 16 are provided in a physical or |ogical
connection with the one or nore BSs. A radio network controller (RNC) 17,
to which the node Bs 16 are connected, controls the BSs and coordinates

comuni cations over the conmunication system 10. Miltiple RNCs 17
coor di nat eWéfbrmlﬂﬁ' e termanals (M Ts)ilff EashB B®nglustswirtlesseomxnidations githv Ts
The RNC 17 includes a BS controller which controls the BSs within the node

Bs. Pref i 1%Hi j | 4 t
Cequired Crat SR oo aia pef aftad ol R RATERING \RPRRS Bt o MBI

Each BS 12 _preferably incl.udes a.transceiver 20 with an associat ed_antenna
syst em 22 WG o¥érlap Gﬁiﬂ’ Bbﬂff@%@%‘?ﬂ GommmERiegtion s genetadly comduatedbyrthe BS kaving

i ncludes a transceiver 26 with an associ ated antenna 27 and MI signal
pr ocessi ngheistrongestysigtal link witletheoMT.r Afkeri o/ e6condBSS amgmgr td havs Bl dfctiger
and receivers may be enbodi ed as separate conponents. [0060] Downlink

conmuni catgd; » 1 : C i circuitry, 24 and
transmtt e%gl\[l}lﬂ éﬁl’% eh%@e?@aﬁg@gi%g ers Q&gﬁ?gﬁ?@ﬁg %%ﬁg%@%ﬁ?eg%ta@ﬁ?@%ﬂﬂﬂﬁ
for receptjon tby the MI's 14. Uplink communications (UL) are transmitted
fromthe Ng&efteatuahing, bard o are wellenmm intherars systens 22 and BS
transcei vers 20 of the base stations

< [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
Ri\IC's 17 coordinate communications 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 M T geographic locator, but it is not required that the
geographic locator be implemented in the RNC 17. |
[0059] A Each BS 12 preferably includes a transceiver 20 with an associated antenna
system 22 and BS signal processing circu-itry 24. Each MT 14 preferably includes a
transceiver 26 with an associated antenna 27 and MT signal processing circuitry 28. In
lieu of transceiv-ers, BS and MT transmitters and receivers may be embodied as separate
components,

[0060] Downlink communications (DL) are processed by the BS processing

circuitry 24 and transmitted via the BS transceivers 20 from the BS antenna systems 22
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12. [0061] The BS processing circuitry 24 inplenents the formatti ng of
wireless BS/MI conmunications into a selected radio frame format havi ng
multiple tine slots, which format is used on a systemw de basis for al
BSs controlled by the RNC 17. Preferably, the RNC and node Bs coordinate
this inplenentation. [0062] Wthin the radio frane format, each radio frane
i s assigned a sequential nunber which enables the processing circuitry to
identify specific systemframes in the wreless BS/ Ml conmuni cations. The
BS circuitry 24 is configured to neasure received time delays (TDs) such

t hat each JD nea t ed with the r ective radio_ franme of
a recei ved© WCFPEA Eynglé‘? f%@pilﬁkppmmwﬁﬁm L bre trangmitied, from the M Ts
frame numbers of the radio frames are used for this pur pose. [0063] The

BSs provi det aid ide¢iaed oid the B3Xustentis oy dterms OR ahl® Nxenseéivdit 20 of B{cﬂiﬁé%ﬂﬂti&bns
i ncl udes TD neasurenent data recorded at the BSs, identification of the

whi ch madq%]he nmeasured UL transm ssion and the systemradio franme nunber
i n which ‘e measured UL transm ssion was received. Wien the TD

measur ement data exceeds a specified threshold, the BS controller

gener at es [A06W commekht B pravsssingpeiceuitey Mr implementsethei foredatiing edfl wirebdss
algorithmis used to determ ne direction and speed of the M with respect

t he neasurBSyIBecRASECHRORS Heo HEaILL @H‘?ﬁ'&:o dﬁé@e[fgﬁﬁﬁi Ewﬁé%ﬁ‘m ti%ljﬂf"%lots

comuni cation tine slots have a guar peri o a pre eterm ne

hin wh |
WA W GR R DIl Rsod SR yaiemn wids basls For all 558 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 made the measured UL transmission and the .system radio frame number in which
the measured UL transmission was received. When the TD measurqmént data exceeds
a specified threshold, the BS controller generates a TA command for the respective MT.
A convenﬁonal 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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threshold is preferably slightly shorter than the physical reception w ndow
and takes into account failed adjustments and tinme to detect.failure and
retry adjustnent. [0065] An initial TD nmeasurenent TDo reflects the initial
position of the physical reception window within the GP for a particular
MI' before any TA adjustnent. An initial TA TA,,, is nmade at the MI which,
assum ng TA, is successful, relocates the physical reception windowto a
desired location reflected by a new tinm ng deviation neasurenent TD,. The

initial Tﬁ, Ef was_successful if TD, + TAOis virtually equal @ to TDo.
[0066] ThelO0PR4bf t hePratexablinsthes sppympBicatian E®asslats haveia guasdnpstod of a

successful TA adjustnent as reflected by the neasured TD. For exanple, an

initial sysedsehiined MHpdNAvitAR Mt £ Phybieal tecploAINMESY OhovBE Mie TD

transm ssion to 8 units, a next TA commnd TA, could command t he advance

the MI trapsn,ssion t o ed. tg 3.units.. The success of TA | d. be
refl ect edatP'ﬁeS -Oﬁﬁsé’rﬂa’%fﬁgﬁ Sﬁggﬁ%éhﬂ’gﬁ’é@raﬂ(ﬁhelﬁlﬁoair‘?%@i%‘éﬂmdw ind takes into
transm ssion of 5 units. If TA was not successfully inplenmented, the TA of
the Mt resosmirskiled adywstindntsearal timet to&latedt tfailufeGddAetIadiastatdntsh the tine
when TA adjustnents take place, TA conmands according to the invention

the r THRRESLEC) ARG TEP R o ARt T ML Rl Posifion AR5

Frame Number (CFN) .which specifies a particular radio frane in which the Ml

will ef f JEEsRiIQN Window Jriskimdhe 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,.
[0066] The TA of the MT transmission remains constant until the next successful
TA adjustmept as reflected by the measured TD. For exafnpie, an initial successful
command TA, could set the frame advance of the MT transmission to 8 units, a nex£ 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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[ 0068] Upon determ ning TA adjustnent is necessary, the BS controller
generates a TA command signal w thout incurring the delay required for the
prior art periodic TA frame nunber based adjustnent nethod such as

di scussed in connection with prior art Figure 4. Each TA command sent to
the MI indicates a specific frane identifi.ed by the CFN when the MI w ||
performthe TA adjustnent. As illustrated in the signaling flow diagram
shown in FIG 7, when the BS controller determ nes TA adjustnent is
necessary, based on received TD neasurenents at tinme Tl, a TA command is

oy o OB Lt Ve SRS iy s TR Sl 2683
command i ncludes a CFN specifying the particular radio frame at a tinme T3,

when the KffeeardtoaibA tdoenmandis illustrated in FIG 7. The CFN is sel ected
so that TA adjustnent is applied at a time accounting for the expected BS

controll eg pr ' €ssl

dont 111 oh00f8le oo PPARtHRRENts A RERRHRG PRy "R 1Y Bbideilerates
corrected TD. [0069] Since the BS controller specifjied the frame nunber in
whi ch t heaTA cemmendwsignahadthout swaring shadelap asqiisereior the prior sgmpsiadiel T
the BS for the CFN specified tine slot as received at the BS indicates to

the BS cofffdifit hiintiek babed ddjusfientHeaRRPAI i ASAISOEdRlcondoonNFith ricktal!

[ changed by substantially the

the CFN frame received at the BSis
adjustnent_.to the_timng which was to.b f.fected by tl A ¢ d
bl | i LR Apamiand Soat o the v Tripicaish e Sttt R e raitied b the
-18 quickly react to failed TA command transm ssions and, also, can ac . t
to readj usiFWiehérthe MT will perform the TA adjustment. As illustrated in the signaling flow
diagram shown in FIG. 7, when the BS controller determines TA adjustmentisnecessary,
based on received TD measurements at time T1, a TA command is immediately
. generated. Only an extremely shoﬁ 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 CEN

" 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 consi derably changed di stance fromthe BS since tine Tl by issuing a
new TA command signal. (0070] The case of a failed TA adjustnent command
is shown in FIG 8. The TA command has not. been processed by the MI, so
that a TA adjusted signal is not transmtted in the CFN frame at TO by the
MI. The TD neasurenent at the BS at tinme T1 on the CFN frane specified in
the TA command, accordingly, does not indicate the TA adjustnent has taken
pl ace. The base station controller then generates a new TA conmand at tine
T2. Since a, ‘g(term ni t|c nmet hod has been used to synchronize TA

adj ust mentdH m‘rmm alleslneA fomesndiyansmaissibna aed, B o; oan acti tbaeadjuet M Tsi thiak e
tinme is needed to generate the new TA conmand signal. Thus, tinme T2 is

appr oxi mathaky cvaeRleratly dhafBed HistdR&/fbmI R BQ'sﬁﬁcreymfn@rTf B 1@5&{{&02?5\59) T

to react inmediately upon réception of the D neasurenent-on t
nunber speC|f ed in the previous TA command aI lows nore tinme to generate
TA command&™H noﬁ]tgn@ ceedi ng the physical channel reb ept i on w ndow or

overwiti ng the nei ghboring tine slot guard period. This results in
| ownering [O0&0] equi rBat daseqgiie faijebT ATjuameandemangddoskiesn on BTy Tigsvaes
t he physical resources required to support the TA si gnal I ng function

(00721 Th [ SN I f t hat

changed g?fsfggﬁgﬁe h\%mgt]ﬁﬂﬁgeiege@c% %Se{ﬁ hié?‘éi@e thFrbeSqu g%l ')17‘971 Pgﬁwged% 'Isr%%
the failed TA ¢o case, Since the BS controller specifies via the CFN
the parti Erapgmlt}t«%g%@ the GFN famg at T0 by theddT. The TD measurement at the BS at time

L. 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 1s

- needed to generate the new TA command signal. Thus, time T2 is approximately equal
to time T1. |
[0071] 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 teéepﬁon
- 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 £o 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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take effect, the TD neasurenent received for that particular radio frane
will indicate if the TA command was correctly received and perforned by
the MI. Accordingly, TD nmeasurenments outsidethe specified threshold
occurring in the CFN specified tinme frames wll normally indicate failed
TA commands, while such TD neasurenents in other tinme frames will normally
indicate a change in Ml |ocation. Even where the TD neasurenent of a

recei ved CFN specified time frane is attributable to MI rel ocation, the new
TA signal is generated based on that TD neasurenent to produce an accurate

TA for the . .S hssan inmportant ca ility since th contraller is
avare of i @ efeltithe 1T AbapiBRicnt Rocel iRy thes R G reiorae villgngicace it
adj ustnent can be nade avoiding the need to repeat the failed TA command.
[0073] Forthgelh woatmend wasecoyeutlyaeteived amdepmrfayndd bpilge M drccotdiaghy VED
signals froma selected MI by several BSs with a higher degree of

reliabilit : | 1.1 i.cat i | fyor
conduct i g sairerpd ARNBEHR oAk ARSI e e et P s
comand Si gﬂgl s generated by the BS controller to the selected MI. Since
i n accor daREbngsredly meicate &iladohA comemapdaiwiie suclnERi measymements ik odher tinre
all radio franmes, the geographic |location can be easily cal cul ated by

convent i orfaghmbs wald guhahllPindiedtbadhaniiéd in MG chiin KBEMWwherAht D ReabienRS
the TA data of nost recent successful TA command signal (or O where no

o e 11 1 pBeeECHAT Rl nfegras i AHBEREIG R bEawleisiny B0 o T

triangul ati on upon the TA, the TD neasurenents from two BSs, unanbi guous

geogr aphi signal i ganeratet baseat onothat TH measwetrient & ptoduaagnbatirate 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 triangulation of received signals
from a selected MT by several BSs with a higher degree of reliability. Where a selected
MT is in communication with a BS for conducting normal telecommunications, that BS
normally transmits the TA command signals génerated by the BS controller 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

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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-20 is provided where TD neasurenents are obtained fromat |east three BSs.
(0074] In TDD systens where there is only comunication with one BS, the MI
al so measures relative frame reception difference between cells. The cel
reception difference nmeasurenents conbined with distance fromthe current
cell as reflected by the TD neasured at the BS allows for geographic

| ocation determ nation in such systens based on the TA of the MI and the
single BS TD neasurenent. It is also known to use pathloss neasurenents in
such cal cul ati ons. [00%%3 Preferably, when_ a geographic |ocation request is
recei ved,lsm@V@éégmﬁaﬁi mensuresnensp ars pblained Eomy atfeasttbreerBS® i n whi ch BS
TD measurenent of received transm ssions fromthe selected MI is collected
from the [B874D pri NBI YDIPEPEEINS 34HeRd thepk idlohl oﬁ%ﬁﬁ{c%@ko%ritﬁe 8 B the MT
system and, 1n a conventional BS triangulation system also Pronfone or

nmore other, BSs. The geolocation is calc ted based upon the TD .
Tonsur eneiS TASHER SR AtNe FHET e PR IfERce o canbalhe Fhe el wseptiony

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

Accor di ndlifferace medsarergestg caphbined withidistaned frofhiche aarrbat gl dsaefesied by the
virtually at all tinmes since the TA of the selected MI is known fromthe

TA comma | heh term ned in accordance
W th T o e WGP Bt QARG pofton AE BTG o RSt s
in ternms of the preferred enbodi nents, other variations which are within
t he scopdased endhe hent thenMdsanstheisiegleiBS TDhmeabuiemene [tiwalid knden to use
apparent. to those skilled in the art. :

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
transmissions from the selected MT is collected from the BS in primary communication
with tbe 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.ed by the most
recent successful TA command effected by the séle'cted MT. Accordingly, accurate
geographic location of MTs can be ﬁcrfonned 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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-21 CLAIMS What is clainmed is: 1. A nethod of using a nobile terininal (M)
for synchroni zing uplink signals in a conmunication system which supports
base station (13S) / nobile tenninal (Ml wreless bi-directional

conmuni cations via the utilization of a time frane format having
sequentially identified systemtine franmes, the nethod conprising:

recei ving conmuni cation data froma BS within systemtinme fi-ang€s including
a TA signal which include TA data and a Connect Frane Nunber (CFN)
specifying a specific franme for eff&€llABISNg a ti m ng adjustnent; and
adjusting the timng of uplink transm ssions of the MI in response to TA
data i n t Nehatfig€€gimedds: TA signal commencing in the time frame specified in
the CFN of the received TA signal. 2. A nobile termnal (M) for a

AR T R A T L MM S

frame format having sequentially identified systemtinme franes where BSs
transnit @&pwERUNGaRon sysiammvhiich seppatisviasattation (Ba) avebilavrenippk(Mh) wigelessm ti ne

frames, the nobile termnal Wconprising;, a receiver, a transmtter and an
associ at edi-giretiefs @oinnaMichtivecdh Werutidiestiongifa end Parhefemuichatiipsaqicatillyon
data froma BS within systemtinme franes including timng advance (FA)
signal s W ERALNGIHAE ke (AL, AR IndAndPOMSsidg: ame
receiving communication data from a BS within system {ime frames including a TA
signal which include TA data and a Connect Frame Number (CFN) specifying a specific
frame for effectuating a timing adjustment; and
adjusting the timing of uplink transmissions of the MT in response to TA data in the
received TA signal commencing in the time frame specified in the CFN of the received TA

signal.

2. A mobile terminal (MT) for a communication system which supports base
station (BS) / mobile terminal (MT) wireless bi-directional communications via the
utilization of a time frame format having sequentially identified system time frames where
BSs transmit selectively formatted communication data to MTs within system time frames,
the mobile terminal (MT) comprising;

a receiver, a fransmitter and an associated processor;

said receiver configured to receive communication data from a BS within system time
frames including timing advance (TA) signals which include TA data and a Connect Frame
Number (CFN) specifying a specific frame for effectuating a timing adjustment by the-
selected MT;
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Nunber (CFN) specifying a specific frame for effectuating a timng

adj ustnent by the selected MI; -22 said transmtter configured to transmt
selectively formatted comunication data to a BS within systemtine franes
synchroni zed by said processor; and said MI processor configured to adjust
timng of transm ssions of said MI' processor in response to TA data in a
received TA signal commencing in the tine frane specified in the CFN of

t he received TA signal.

said transmitter configured to transmit selectively formatted communication data to a
BS within system time frames synchronized by said processor; and

said MT processor configured to adjust timing of transmissions of said MT
processor 1n response to TA data in a received TA signal commencing in the time frame

specified in the CFN of the received TA signal.
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