[0001] SYNCHRONIZATION OF TIMING ADVANCE AND DEVIATION [0002] This application claims
* priority from U.S. Provisional Application No. 60/195,087 filed April 6, 2000. [0003] The present
invention relates generally to digital communication systems. More specifically, the invention relates to
a system and method for synchronizing uplink and downlink transmissions for time divisionduplex and
time division multiple access protocols to compensate for radio propagation delays. As an additional
benefit, the systems facilitate geographic location of mobile terminals. [0004] BACKGROUND. [0005]
In the proposed 3°d 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 j§00rtherSYIBURAIBOMNIZA PLOMNO BT TN QUADYINDE ans BEwhidTaR
individually assigned for uplink (UL) or downlink (DL) transmission. [0006] Radio transmissions incur a
propagation delay relative to the distance from a transmitter to a receiver. In mobile cellular
communication systems, these delays vary over time as the distance between a mobile terminal (MT)
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[0003] The present invention 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 muitiple access
p;otocols to compensate for radio propagation &é§a3;s. As an additional benefit, the
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systems facilitate geographic location of mobile terminals.

[0004] BACKGROUND

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

[00G6] Radio transr;lissions incur a propagation delay relative to the distance 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 compensate for varying propagation delays and to maintain a known time of reception, the
' time of transmission is periodically adjusted. The transmission timing adjustment is performed in the
MT rather than the BS since many MT's are supported by a common BS and the propagation delay
for each MT is different depending upon distance. The BS downlink radio frame transmissions do not
vary over time and are used by an MT to synchronize uplink radio frame transmissions. [0008] The
MT synchronizes to 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 trgnsmissiop recgived in the BS'is the sum of the downlink and uplink propagation delays.
Radio framé 18085Tor (0L ShaFdSKF b S TRm R (G h AR DS e Rttt i o
performed is shown in FIG. la. FIG. la illustrates a BS transmitted DL time slot (TS) received by the
MT immediEeIFROBWEY LS kroRahtae 4a981¥fe slot (TS). Radio frame transmission (DL) and
reception (UL) at a base station before any timing adjustment is performed is shown in FIG. 1b. FIG.
Ib illustrates[GA8 T transhittearibeniate dot vameuinteiypiatiotived dsl ayB Sndibs mittaddin. dikeosiat.
[0009] As reflected in FIG. la, the MT synchronizes on the downlink time slot reception at a time T1

and initiatestlig ¢ RlintebepnsonsHentimaediatehs thiRkeai ok P soRNTYNGlEstbl, thehstanfiission

downlink time slot (TS) transmission by the BS occurs -2 at time T2 and the end of a preceding uplink

time slot (T RHERFRYNRGBR QRHEHALd in the MT rather than the BS since many MT’s are
supported by a common BS and the propagation delay for each MT is different depending
upon distance. The BS downlink radio frame transmissions do not vary over time and are
used by an MT to synchronize uplink radio frame transmissions.
{0008] The MT synchronizes to 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 uplink propagation delays. Radio
frame reception (DL) and reply transmission (UL) at a MT before any timing adjustment
is performed 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 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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time T3. The difference between times T3 and T2 is referred to as timing deviation (TD) and is equal
.to the sum of the uplink and downlink propagation delays. [0010] The TD can be identified and used to
command the MT to adjust the uplink time slot transmission time in order to synchronize uplink
transmission with downlink reception at the BS. Since the MT is synchronized to a received downlink
time slot that has already incurred a downlink propagation delay, the MT must advance transmission
of uplink time slots by the TD sum of uplink and downlink propagation delays. This is referred to as
timing advance, (TA) defined as: [0011] T3 - T2 = TD = UL propagation delay + DL propagation delay =
TAquation 12f6H19] Rath! theenebed gk qesting i Hakyirsnehof {318 rogivrerbarihetRS Dacurs at

adjustment is shown in FIG. 2a. FIG. 2a shows a BS transmitted DL time slot followed by a time
advanced MirteeR$mitiscidiffeimecsibetw toa NMieRAflianflalRe tneaferésbions(ihlmndaeieetin(TD).) at
the base station after TA adjustment of the transmission is shown in FIG. 2b. FIG. 2b shows one BS

transmitted &4d imeqsiat imm@@a’f‘ﬁlbffﬂi@mﬂ%@aﬁ&iWﬁYﬁl@%ﬁ-@#\ﬁMﬁ&é‘ﬁ%.UL time slot as
received at the BS. [0013] The MT has advanced the UL time slot fransmission according to the TA

df e T5 toh | LRCe] | ' h I ' the DL
Propagaton Sy he now M1 Tnee b L anarieLie e SRR d et F e s e e

fthe B [ i I h L ' lay.
ofthe BS r%?r%é/es?oltj Lﬁ&&%?s%&&? \{l%qgenq g}'/dteretoeé?z?&tfragn?zeF{{Bﬁgﬁa&ggsgrgsas%/on with downlink

reception at the BS. Since the MT is synchronized to a received downlink time slot that
- has already incurred a downlink propagation delay, the MT must advance transmission
of uplink time slots by the TD sum of uplink and downlink propagation delays. This is

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

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

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

by a time 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 (sum of UL and DL propagation delays) Equation 2 [0015] T5 = T6 (BS next time
" slot) + DL propagation delay Equation 3 [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 signaling overhead.

[0019] This is facjlitated by,using small guard i((?)f GR) with res the timg slot duratipp, within
each radio fr%‘é’l%%%ﬂ}%ﬁé%n‘?ﬁé‘&’ Iaa%iglgf&e%;c tﬁg%ce%%fe&eﬁvgﬁalmo%qiﬁf@ts?éfvéﬁ]ﬁéfg isthe.
shown in FIG. 3. The GP avoids simultaneous transmission and reception in either the BS or MT. A
"physical rec@ifsHssioRFGRSpPRIERIANhich is substantially smaller than the GP, dictates the
allowed timing deviation. The physical reception window shifts within the GP as MT propagation delay
changes. -4 [0020] The measured TD reflects the location of the physical reception window within the
GP. The TA provides a corrective shift of the physical reception window within the GP. It is important

to synchronigg0th¢] TA adjustimeat Tsther {sie $JBRe@ DL propagation delays) Equation 2

[0015] - TS5 =T6 (BS next time slot) + DL propagation delay Equation 3
[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 accordingr 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 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
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 window shifts as well. Conventionally, the BS controller continuously monitors the

* TD for each MT independently and generates TA commands in advance of the allowed physical
reception window being exceeded. [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 to recognize when the MT has not
performed the TA adjustment. [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 frol?%é0&ral BSs sendriWredisde beclweatéarcobtbeplisisivgliatimptin Mifidow

location. [0023] In order to produce accurate TA signals in connection with maintaining the reception
window, minkitizingthig (Hfinglhethéastavid gealooatiativieishifpertant tphibrwl thecE AR theHRS:
slot the TD was measured. Applicant has recognized that one method to accomplish this is only to

allow the TAuntiakenai(ont i iverbfbrmsRsafisatiolteoiiied Aampsdoathie Reed o seordinate
adl

TA adjustment in the MT and TD measurement in the BS to a spé€cific sequential radio fram€ is

difficult si i i - ing in.the. MT of the BS generated TA command is
ot Known 10 B S SR T e D SR ov paBH Y

frame . .
monitors the TD for each MT independently and generates TA commands in advance of

the allowed physical reception window being exceeded.

[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 to recognize when the MT
has not performed the TA adjustment. | -

[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 maintainin gthe
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 numbered, periodic sequential frame numbers
".are conventionally used. However, the period needs to be excessively large to guarantee that the TA
command can be processed in advance of the next periodic TD measurement. [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 infERseasitig: WotBechEE 1afetes 12> Eeerttidr dibncemarangoire sk kooma 1a the BS
adjustment command is the time between TA frame numbers. The BS may determine a TA command

needs to be gertecdited sOme tione ¢fit) adter Mathaches torohbr kvl adjmerfiEdydbetorechiddiafiame
number 2. To guarantee coordination of the time the TA will take effect between the MT and BS, the

BS must waidantheipse\dause A fmmm@q&qéﬁtwﬁd%eef@i%meqeaa&aﬁﬁm%ﬁ@-

The result is when the TA requirement is recognized at time Tl the delay t0 coordinate the TA -6

adjustment i, grealer Hhapane ama Iy M. TARGE0E: 308 SLETFnteds ?odgéagﬂéégﬁ%e@elg\f\é% to

frame number TA periods.
guarantee that the TA command can be processed in advance of the next periodic TD

measurement.

[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 fro:a BS generation to MT
processing of the TA adjustment command is the time between TA frame numbers. The
BS may determine a TA command needs to be generated some time (T1) after TA frame
number 1 and a time (T2) before TA frame number 2. To guarantee coordination of the
time the TA will take effect between thé MT and BS, the BS must wait for the prévious
TA frame number period to expire to generate the request at time (T3). The result is

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



[0027] (FN TA period) < (actual time to adjust TA) < (2(FN TA period))Equation 5 [0028] Applicant has
" recognized that this methodology for TA coordination using specified frame number TA periods results
in excessive TA delays that can be avoided. For example, excessive delays can arise due to the
potential for failed radio transmissions. In this case it is necessary to 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
regenerated2dinsiorsy is greaterithmas. fooaenmtitiersFiarprtiodampleathieB Y 2R iy aleEss
receiving a TD for correction at a time TO, must wait for a subsequent TD measurement at time Ti

that indicatehdierd AragjusioiabeeidAgidakdeffect. 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. -7 [003

0] Another prigakt solyti s the MT confirm.each TA ¢ mmfr?ssasﬁggown in FIG. 6, For this
example, aFL'rmgzjt on {iﬁféf’#‘ﬁ %ﬂ?ﬁ%ﬁ%&?ﬁ‘%@%ﬁo Péﬁ%?\ts igsioh?dF el PansaafRauathanT
adjustment failure will be recognized faster then waiting for the TA. frame number period to expire.

However, this faster recovery

[0028] Applicant has recognized that this methodology for TA coordination using
specified frame number TA periods results in excessive TA delays that can be av-;)ided.
For examiple, 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 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.



requires approximately twice as much signaling since every command is confirmed. This is
undesirable, since a primary objective is to reduce the TA command frequency. [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 [0032a] In
accordance with a first aspect of the present invention, there is provided a method for a mobile
terminal to synchronize uplink transmissions from the mobile terminal to a base station in wireless
bi-directiondP83finunicatibhetistbmer sassobisitsnhanahe die conhiaraacie Fohmammandpeshosmialy
identified system time frames, the method comprising: receiving communication data from the base
station withiim sy&teém Gimeofrathés iexcidiie, adiring aiavaoce thignaliwhioh fivohaties timihly sehdinca
data and a Connect Frame Number that specifies a specific frame for effectuating a timing
adjustment;andadiusiiog hedinng obuptiakdransamissiadsetihe abiledeniing ncoespenseaaer
timing advance data in the received timing advance signal commencing in the time frame specified in
the Connectfra iﬁﬂg?&f aldhe LeagivRd Himing a0Manae SIgRk: SHOVAAR) nRsCodaRce uia
second aspect of the present invention, there is provided a mobile terminal that supports wireless

oy DR SRIATRAD RS HRIGNEREHRS e RN R 18 SAHER T

is undesirable, since a primary objective is to reduce the TA command frequency.
(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
[0032a] In accordance with a first aspect of the present invention, there is provided

a method for a mobile terminal to synchronize 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 fiming
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.



frames comprising: a receiver configured to receive communication data from the base station within
system time frames including timing advance signals which include timing advance data and a
Connect Frame Number that specifies a specific frame for effectuating a timing adjustment; a
transmitter and an associated processor, said transmitter configured to transmit selectively formatted
communication data to the base station within system time frames ;gnchronized, by sajd processar;

and said prfe@sabi confilgureeresdarjaet Milhg ofteaRsnissiers of Jhif PEFSRitEF a0 fo 15
timing advance data in a received timing advance signal commencing in the time frame specified in
the ConnecpfereitialNumbbilefitteminckibed simiper adwaridessidiali FO0826}!| fcpsoMBEHEEOWtN Ehihird
aspect of the present invention, there is provided a mobile terminal comprising: a receiver, a
transmitter gRgagAsSOCAIEBEOGEESRE; faitherdoeier banfigurechieretdlyeiditeiétsicoystonnication
signals within sequentially identified time frames including timing advance signals which include timing

advance daf,0d & GRRNGRET (RIEMNUMbEhRIRAINIY ResprRET iamm{es Fiiedialinga Mirtnse

adjustment; said transmitter configured to transmit selectively formatted wireless communication

signals within sequentially identified time roni id, pr. : i
et o o R A

received timing advance signal co ing.i i e s
e e g Commencno . e AP SR et Rl COUSALT MR for

effectuating a timing adjustment; a transmitter and an associated processor, said
transmitter configured to transmit selectively formatted communication data to the base
station within system time frames synchronized by said processor; and said processor
configured to adjust timing of transmissions of said transmitier 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.

10032¢] 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 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 1o 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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[0032d] In accordance with a fourth aspect of the present invention, there is provided 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 theOdddile terrfinadsnndamnsatio aifawdinaspececddizeintg yoreinadniamgeivalice

signal commencing in the time frame specified in the Connect Frazee Number of the received timing
advance signalv{8033] Enthibdiméntssyhitieaiedant wirehtion avendinaciesditma systdm Bndametbiode for
reducing the latency from timing deviation (TD) measurement to time advance (TA) adjustment. The

embodimenis4s@ A desipHRisic HOsading 1o peMinatmiimenacManeesidi) Comthandseaneriming
deviation (TD) measurements so that failed transmissions or mobile terminals signal propagation

changes cag g fReagniaed; egoma?aﬁ%gbﬂﬁﬂnﬁg%ﬁ%@é@hﬁﬁiﬂﬂ&%&ﬁ%rﬁ?cﬁrﬁei%nﬁm%a@de%me

maximized by minimizing signaling overhead through effectively reducing the frequency of time

advance commands. This ca %acc lished b ecifyin a,réli% ar radio frames for. time,advance
(T it OB A g s Etio D N B Foh ) o e et AR e
timing deviation (TD) measurements to_be jncorrectly processed can then be minimized since the TD
measuremeRtSIISH taadgadigpring 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.

[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

-8h-



. for the CFN specified radio frame, in which the TA adjustment was to be made by the MT, will reflect
whether or not the TA was actually adjusted. [0034] A preferred communication system supports base
station (BS) / mobile terminal (MT) wireless bi-directional communications via the utilization of a radio
frame format having sequentially numbered system radio frames. System BSs have a transmitter for
transmitting selectively formatted communication data to MTs within system radio frames and a
receiver for receiving communication data from MTs within system radio frames. The BS receivers

have an assg@ciated essor. for measuring timing deviaio D).in identified radio frames of

comm unicat%’rl{aéi?a@rg}c&ef‘pee& lI’lr“(c)?r(il1 ré‘%%lé&%’(‘? MY gfg&}SfEﬁ‘{g}(éWJWééﬁﬁéﬁ%Hﬁmha réictor
all radio frames. The BS processor associates the respective sequential frame number with each TD
measurement! bf ihsafissiombethanwsdint thealiib mamechalpyditatsibhing a time associated with
each measurement. Timing advance (TA) commands are generated by a base station controller that

is associated@i¥i4 Ihe BSsAopmirrididg-diadpistitient spsmandpfortirdasmisaiasnbyske Bestalhe
MTs. The TA adjustment command generator generates TA adjustment commands which include the

TA adjustmeshyalis (REiCHRRICEaBEM#BOM 1A BRShiRReALSHS GRS W TASARIANE S ATV ImaAt

and a measured TD for a selected MT. TA adjustment commands also include a Connection Frame

e - HdheRe S, AN AR BEEA" RIER SR CHER LT SR B VY
transmitter for transmitting selectively formatted communication data to MTs within
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 inciude 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.



. -9 [0036] It is preferred that the TA signal generator only generates a TA signal for a selected MT
‘when the measured TD of a transmission received from the selected MT does not fall within a
selected timing synchronization range, i.e. a TD threshold. Such a TD threshold is preferably selected
to correlate with the physical reception window of the MTs and BSs. [0037] After the BS controller
transmits a TA adjustment command to a selected MT, the TD measured for communication data
received from the selected MT in the frame specified in the CFN of the transmitted TA command
signal is analyzed to determine if the TA adjustment has been made or if a new TA command is

required. Nqyoaly, a newfA P?é@é%aﬂmﬂld ﬁ%imm%@"@{ﬂ?&%%? 8nly EdhepHar I %&Ql{g#?nf}gr

did not successfully TA adjust the selected MT. Otherwise the TD measurément for the CF

hould be changed b ially th which th ff
Should T R TR AR 5 BHSto e BT P, (TS R e SR Rt B

associated MT processor for transmitting selectively formatted communication data to the BSs within
system radid'R&prect PHCHiILHD EBiF tediP R SSGhERR B UL R e caivihy iksiehaldicateh
data from the BSs within system radio frames. The MT processor adjust the timing of the
transmissiors bbttkressaldasqpr dfiarabd isieletetcr te sponde toWithdhtaphyai cat eaceg fidnastjuckove oif
command commencing in the radio frame specified in the CFN of the received TA command.
the MTs and BSs,
[0037] After the BS controller transmits a TA édjustment command to a selected
MT, the TD measured for communication data received from the selected MT in the
frame specified in the CFN of the transmitted TA command signal is analyzed to
determine if the TA adjustment has been made or if a new TA command is required.
Normally, a new TA command will be immediately required only if the prior TA
command did not successfully TA adjust the selected MT. Otherwise the TD
measurement for the CFN frame should be changed by substantially the same amount
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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10 [0039] The communication system preferably also includes a geographic locator associated with
the BSs for determining the physical location of the MTs. In using conventional triangulation, two or
more BSs measures TDs with respect to communication data received from a selected MT in a
specified system radio frame. However, using the TD measurements alone to calculate MT
geographic location will not produce an accurate result if the MT signal has been TA adjusted. With
the embodimenis of the fhesanhinventiniuihe Jidmf thefddaisttrahsniissiofs sreckngvaplior iicaiatly all
radio frames, since the actual TA is the TA of the most recent TA command signal successfully sent

o the MT. %E@&ét@a@dﬁ%@%%%ﬁ%&@ﬁﬂifﬁﬂg frammissiexpiRiag,fatresel B(TA. command is
a

known as soon as the meassured TD for the CFN frame is checked which is nearly instantaneously.

For a successful 'I;.f(\) golmrﬂ,%gg%iﬁsat}& v%ﬁgaisé) se J)Qege_eglc? at'i%a%%l%glaﬁﬂgg far the f@%ﬂf&p%ﬁed

by its CFN G alivst sequentirames un N'identified frame of the next successful

command. Thus, geographic location calculations may b de with respect to any radig frame
based on PARBIMSHIdat L RNERSY ’1‘0%8%’%{5&&1 eéﬁjﬁtég?fé%eié] %%B%ﬂi%@r?t?@f‘%é
present invention also provide a method of synchronizing communication data at the BSs. Timing
Deviation (Foyievieeasingdhe TadnrrsramntfathRs O EsmM irieassmhitd Gsderival 8 a

selected MT by a BS. If the measured TD of a transmission received from the selected M'l' does not
fall within @selectedatiming synehresidatich thagd/ld TRgwhniand signal 1s\gendinsted. TREth  the

embodiments of the present invention, the TA of the MTs’ transmissions arc 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
frame 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] Fmbodiments 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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TA command signal includes TA data calculated based upon the measured TD. The TA command
signal also -ll includes a Connect Frame Number CFN specifying a particular radio frame for
effectuating a timing adjustment by the selected MT. The TA command signal is transmitted to the
selected MT. If the TA signal is then received by the selected MT, the timing of the communication
data transmissions of the selected MT is adjusted based on the TA data and commencing in the CFN
specified ragigifraege of thantreeiveshA dambandGidhNakieffindondata tiecdive datom frerseléoted
MT to which the TA command signal had been transmitted is checked for the radio frame specified in

the CFN Ofé%é{emﬂgttsdtﬁﬁﬁg%@@g%é%% asswadbe dAEPMTRAGMASoHaetadinibeal is

selected MT. Preferably, the TA tomimand signal generation, transmission and the associated TD

checking s tepeated whenhe 10 of avyansssion ecaived fam e Seleeior T e SERY o

frame does In a'selected timing synchronization range or Is not changed by an amount
virtually equal to the TA adjustment, since this would, indicate a failure of t lected MT t

implement tH@lﬁ%Qﬁ)ﬁﬁfﬁH}@Hﬂf@&I%%Fﬁ%ﬁiﬂ%&ﬁ @f?ﬂ@dﬁ?\%ﬁiggm% r%%s’élﬁﬁ%v?éar?ﬁ 8 Bso
facilitate a method of geographically locating a mobile terminal (MT) in a communication system. The
method cortiisrides elisetrngiMPImeReEguEIntBAS Y Coraniifdatit antiagacvaike (#a8&smand

signals to a selected MT, when a measured TD of a signal received by a BS
command signal. The TD for data received from the selected MT to which the TA

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

[0041] 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 sclected 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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. 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 -12 signal in the CFN specified radio frame. The TD for communication data received from
the selected MT in the CFN specified radio frame of a TA command signal is checked to determine
whether the respective TA command signal was successfully effected by the selected MT, thereby

assuring the actual TA of selected MT js known. Measured timing deviation (TD) of a transmission
received forsé%@g@et&?g%&‘%@ﬁ%&?%\d@e&%ﬁ' %%%%&%W@%ﬁ%%&%é@é 1¢¢aveR BaxEof
the most recent successful TA' command signal and the TD measurements by the BSs for the ‘

selected radioerpgtaetaseMibdn the RN areenf ebsytpfiemscafia T 6f coesntactscehtl i§ederkatiter |

objects and advantages of the system and method will become apparent to those skilled in the art

after readingl¢terntetei et dtisarihitoregidbevaVEAtonmiBOd3 s BRHE RESCRIRRON QR ctéifby the

DRAWING(S) [0044] FIG. la is a schematic timing diagram of radio frame reception and transmission

at a mobile k@R Withou @Ry finuagaustent: [90MR] 5@ o s sehrmatic tiging d ng{%?%%lfg

radio frame reception and transmission at a base station without any timing adjustment.

2ais a SCh%i’?g“H@@%ﬁ@?r@fbﬁ)f&%iot&%@%irsgfggﬂi%%eal@gd for a selected radio frame from a

selected MT one or more BSs is coliected. 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)

[6044] 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.

-13-



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. -13 [0048]
FIG. 3 is an illustration of a conventional time slot data and guard period structure. [0049] FIG. 4 is a
timing diagram of a conventional time adjustment method based on periodic frame number. [0050]
FIG. 5 is a timing diagram of timing adjustment command failure and retransmission under the
conventional method illustrated in Figure 4. [00511 FIG. 6 is a timing diagram of an alternative
conventional method of timing adjustment utilizing command confirmation signaling. [0052] FIG. 7 is a

timing diagr ramen er,synchrgnized time delay measurement a ng agjustment in
accordance eteacl'#%i ot ?\é‘rbf Eéﬁtati’ﬁ\?e?lggr? e 5:%41% FNSEREBRSy

from failed tlmlng adjustment in accordance with the teachings of the present invention [0054] FIG. 9
is a schema#EWiliHiam of a communicating system made in accordance with the teachings of the
present invention. [0055] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) [0056]

The embodiffiértE will be d€Cribach tiithingfdiegreatofaednaeimipfigliiese adjustment method based

on periodic frame number.

[0050] FIG. 5 is a timing diagram of timing adjustment command failure and
retransmission under the conventional method illustrated in Figure 4.
{00513 FIG. 6 is a timing diagram of an alternative conventional method of timing

adjustment utilizing command confirmation signaling.
[0052] FIG. 7 is a timing diagram of frame number synchronized time delay

measurement and timing adjustment in accordance with the teachings of the present

invention.

[0053] FIG. 8 15 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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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 with mobile terminals (MTs) 14. Each BS conducts wireless
communications with MTs in a geographic cell, which cell areas normally have some overlap. Where
an MT 14 is in an overlap area, bi-directional communication is generally conducted by the BS having
the strongest signal link with the MT. Where a second BS begins to have a stronger signal link, "hand
off'of the communication occurs. Desired parameters and procedures for effectuating "hand off' are
well known iwitherashileasshinad pidfdisp d4yBerh Bictoagie aosirelanse ovitha s ysrias s torols,
node Bs 16 are provided in a physical or logical connection with the one or more BSs. A radio network

controller (RN@)stdgtauchetnewons Bslllh-axs soANaALeHacenibals b6 Bas ARAEROIIINAPS 4 is

comr_nunications over the communication system 10. Multiple_ RNC's 17 coordinate communications
o ferent i ua 0. e A ML el S5 il et
includos | ARSSE AL 2D L e e LR Bk SSCEL SS ERGHAT o6 BBy
24. Each MT. 14 preferably includes a transceiver 26 with an associated antenna 27 and MT signal
processing gm?@nj(g_"hgnd off" of the communication occurs. Desired parameters and procedures
for effectuating "hand off" are well known in the art.
[0058] In a preferred system such as in accordance with 3G wireless protocols,
node Bs 16 are provided in a physicaiﬂbr logical connection with the one or more BSs.
Aradio 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 incIudes a BS controller which controls the BSs within the node Bs.
Preferably the RNC 17 includes an MT geographic locator, but it is not required that the
geographic locator be implemented in the RNC 17. |
[0059] | Each BS 12 preferably includes a transceiver 20 with an associated antenna
system 22 and BS signal processing circuitry 24. Each MT 14 preferably includes a
transceiver 26 with an associated antenna 27 and MT signal processing circuitry 28. In
lieu of transceivérs, 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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lieu of transceivers, BS and MT transmitters and receivers may be embodied as separate

. components. [0060] Downlink communications (DL) are processed by the BS processing circuitry 24
and transmitted via the BS transceivers 20 from the BS antenna systems 22 -15 for reception by the
MTs 14. Uplink communications (UL) are transmitted from the MTs 14 and received via the BS
antenna systems 22 and B S transceivers 20 of the base stations 12. [0061] The BS processing
circuitry 24 implements the formatting of wireless BS/MT communications into a selected radio frame
format having multiple time slots, which format is used on a system wide basis for all BSs controlled
by the RNC,17. Preferably, the RNC and node Bs coordinate this implementation. [0062] Within the

radio frameYSrRSSERSNDE the Mohsd s ddplinkseanapnimdrationi el waiennsmaiited frompibeddehsg

circuitry to identify specific system frames in the wireless BS/MT communications. The BS circuitry 24
is configuretidendaaseirecrbvizivhe Brantiaiags s Rl s22 hddB SdcinT e iveastfarfidnt insdeniticts
with the respective radio frame of a received MT transmissions, i.e. uplink communications. The
sequential ft&me 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, idegiigation of theMis Whiske S HiRo R3S 1P drkib1 ERHRISHE TARH M B/ P WiFRHRs
BS/MT communicatioﬁs into a seleéted radio frame format having multiple time slots,
which format is used on a system wide basis for all BSs controlled by the RNC 17.
Preferably, the RNC and node Bs coordinate this implementation.
10062] 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 received
~ 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 land the ;c‘,ystem radio frame number in which
the measured UL transmission was received. When the TD measurc;nént data exceeds
a specified threshold, the ES controller generates a TA command for the respective MT.

A conventional intelligent algorithm is used to determine direction and speed of the MT

with respect the measuring BS based upon TD measurement.
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the'measured UL transmission was received. When the TD measurement data exceeds a specified

" threshold, the BS controller generates a TA command for the respective MT. A conventional intelligent
algorithm is used to determine direction and speed of the MT with respect the measuring BS based
upon TD measurement. -16 [0064] Preferably, the communication time slots have a guard period of a
predetermined length within which a physical reception window moves. The TD threshold is preferably
slightly shorter than the physical reception window and takes into account failed adjustments and time
to detect failure and retry adjustment. [0065] An initial TD measurement TDo reflects the initial position
“of the physit8PGéteption Regkaabhiththene @penacgtricuiiRM Flatfohavsayar guaiidspedatd Af a
initial TA, TAO, is made at the MT which, assuming TAO is successful, relocates the physical
reception wipddettaraidedirkzat fohatiathiefledediby gphgeidichingcdpsiiatiowindeasunesves! TDhel D
initial TA, TA., was successful if TD, + TA, is virtually equal to TD.. [0066] The TA of the MT

transmissioghi@glRINS s pRetRABIntI ﬁtW§h§%§%W'th%lﬁ?ﬁ}@éméé‘éﬁt?dﬁfé?ﬁi%\?)éﬁme{ﬁ@?ﬁ&‘&?d

TD. For example, an initial successful command TAO could Set the frame advance of the MT

t issi j A | £ the MT t ission t
pe ehanged s R A SRR homcurea 0 of

received MT frapsmission of.5.units, If TA, was not successfully implemented, the TA of the MT,
Ebbggf AR initial Sﬁ’ﬂ) tmeasurement tﬁg regluegts t %?rrgtml posﬂlon of the physical

reception window within the GP for a particular MT before any TA adjustment. An
. mitial 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 adjustmegt as reflected by the measured TD. For example, an initial successful
command TA, could set the frame advance of the MT transmission to 8 units, a next TA
command TA  could command the advance the MT transmission to be changed to 3 units.
The success of TA| would be reflected in a retardation of the measured TD of a received
MT transmission of 5 units. If TA was not successfully impleménted, 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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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 -17 Frame
Number (CFN) which specifies a particular radio frame in which the MT will effectuate a TA command.
[0068] Upon determining TA adjustment is necessary, the BS controller generates a TA command
signal without incurring the delay required for the prior art periodic TA frame number based
adjustment method such as discussed in connection with prior art Figure 4. Each TA command sent
to the MT indicates a specific frame identified by the CFN,when tg?@M& will perform the TA

adjustment EAgmeitfarehan (e By Aamd riwc diss - anatsHism eSS dBRiewill

determines TA adjustment isnecessary, based on received TD measurements at time Ti, a TA
command isffectdiately HemenmeddOnly an extremely short BS controller processing delay is
incurred so time Ti is approximately equal to time T2. The TA command includes a CFN specifying

the particu{@oegljo framelgpariidee:ainvhgThadfilspadernndtessArasilbBsaiod i FSgeheies
CFN is selected so that TA adjustment is applied at a time accounting for the expected BS controller

to MT propaapiop And, Whi RIgREP NG GRIAU ARG %ﬁ@-%@ﬁi}'ré%ﬁﬂ‘é%?ﬂ@%ﬁ%ﬁﬁ@ﬁéﬁ@ﬁé’i‘ﬁe

MT will arrive at the BS with a'corrected TD. [0069] Since the BS controller specified the frame

number in Vﬁhz{%let%%rgﬁer based adjustment method such as discussed in connection with prior art

Figure 4. Each TA command sent to the MT indicates a specific frame identified by the
CFN when the MT will perform the TA adjustment. As illustrated in the signaling flow
diagram shown in FIG. 7, when the BS controllef 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 CFN -
identified frame as transmitted by the MT will arrive at the BS with a corrected TD.
[0069] Since the BS controller specified the frame number in which the TA
adjustment was to occur, a TD measurement at T4 conducted by the BS for the CFN
specified time slot as received at the BS indicates to the BS controller if the TA was
successfully performed by the MT. .If TD of the CFN frame received at the BS is
changed by substantially the adjustment to the timing which was to be effected by the TA

command signal, the TA command was successful. If not, the BS controller can very
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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 -18 quickly react to failed TA command transmissions and, also, can act to
readjust MTs that have considerably changed distance from the BS since time Ti by issuing a new TA
command signal. [0070] The case of a failed TA adjustment command is shown in FIG. 8. The TA
command HBE¢diseant fedesksstEldponemanddoanrinissionadiudtetbsjgaal dsttotreadjostibéd dtihe
.CFN frame at TO by the MT. The TD measurement at the BS at time Ti on the CFN frame specified in

the TA conimaad:asidetitigly dhaagadiizdioate henTibaBiSgnestine PKaypiasanhe hasesgtion
controller then generates a new TA command at time T2. Since a deterministic method has been
used to syr&;};gﬂ'gﬁdﬂ justment to a known frame number by the MT and BS controller, very little
time is needed to generate the new TA command signal. Thus, time T2 is approximately equal to

time TI. [0 e ability.for the B$_ceniraller,to react immediately ypon, recepti t
measuremen o(;ﬁzhe fran)ii;aflﬁﬁran eeor%pfeéglfﬁgéf Tﬁ‘ﬁw %S?é%? rt?sc mﬁaﬁnﬁ%ﬁ!&omoﬁ%@ﬁig%TA

enerate TA comm s withoyt exceeding the physical channel reception
g command has not been proce%sec? 8yythe MT, so that apTA adjusted signal is not

transmitted in the CFN fraﬁle at TO by the MT. The TD measurement at the BS at time
T1 on the CEN frame specified in the TA command, accordingly, does not indicate the
TA adjustment has taken place. The base station controller then generates a new TA
command at time T2. Since a deterministic method has been used to synchronize TA.
adjustment to a known frame number by the MT and BS controller, very little time is
needed to generate the new TA command signal. Thus, time T2 is approximately equal
to time T1. |

[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 rec&pﬁon
window or overwriting the neighboring time slot guard period. This results in lowering:
tbe 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 fo 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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window or overwriting the neighboring time slot guard period. This results in lowering the required
, frequency of TA commands and correspondingly reduces the physical resources required to support
the TA signaling function. [0072] The invention additionally allows for the case of a MT that has
changed distance with respect to the BS to be quickly distinguished from the failed TA command
case. Since the BS controller specifies via the CFN the particular radio frame a TA isto -19 take
effect, the TD measurement received for that particular radio frame will indicate if the TA command
was correctly received and performed by the MT. Accordingly, TD measurements outside the

specified threshold.occurring.in the CEN specified time _frames will normally indicate fajled TA )
commands,t\%ffﬁlg%ﬁ %&?&P@H@ﬁ?&% fﬁﬁ%?vé}‘}\éofrgﬁﬂggm%?ﬁ%ﬁ)%ﬂfgféw deAkeNtT

location. Even where the TD measurement of a received CFN specified time frame is attributable to
MT relocatidhe thé mswrmensigwas isqeershiteerpiised andtpar fopedayitha ddiio pretudingly, TD
accurate TA for the MT. This is an important capability since the BS controller is aware of is a
previously faleskiféncansmansidelihstipecifeadtiacatedhplrtertidiysindenCan Hrafde axidinaibe
need to repeat the failed TA command. [0073] Forgeolocation, the geolocator can employ

U\i/ %ngulatiowﬁwgﬂfiﬁnﬁ@m@m@cﬁfk%ﬂlmm SRYRIBISESE MR RIheh AR 8 SiHS iawgy-

ere a selected MT is in communication with a BS for conducting normal telecommunications, that

BS normally iaaswiit NehAPRARSNRE £IANAIE SRR PSLRY 8N BRI IO T measurement
of a received CFN specified time frame is attributable to MT relocation, the new TA
signal is géneréted based on that TD measurement to produce an accurate TA for the MT.
This is an important capability si-nce the BS controller is aware of is a previously failed
TA command adjustment so that a complete adjustment can be made avoiding the néed
to repeat the failed TA command.
[06073] 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 geheratcd 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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_ 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 O
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 -20 is provided where TD measurements are obtained from at least three BSs. [0074] In
TDD systethgrmnedediehers dhhmeasmenicatioarwiohiamecs Srone M TeaisthnoeddBees relative frame
.reception difference between cells. The cell reception difference measurements combined with

 distance frif0 7§ currenkeDIS sofiesiecketbahtR E@Qﬂﬂ?fédrﬁiﬁbﬁiga?t@Wﬁﬁ%rﬂﬁBgﬁ%iMT
location determination in such systems based on the TA of the MT and the single BS TD

measurempgh lisalzedraunie vpalesHACaHBRIS A clfvlatpns. [0 TRl Brelerably.

when a geographic location request is received, the geographic “locator specifies a sys &hme

in which. %%é?el%%%%gem%%gf recgivggj etcréansf\%iésions fram th&gelected M;{l is collected from the
* BS in primary Gommunieatibi W R M PR ST B SR Eegt feU RorristicHdnage
triangulatign system, also from one or more other BSs. The geolocation is calculated based upon the

TD measUreriBrRSathatdlqop thallpweifier grretrakic dorpiimdcrenadnetion ineshulssystems

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
transmissions from the selected MT is collected from the BS in primary commiunication
with t@e_ 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 framc and the TA rcﬂacf;ed by the most
recent successful TA command effected by the séle'cted MT. Accordingly, accurate
geographic location of MTs can be ﬁerfermed 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 thoée skilled in the art.
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recent successful TA command effected by the selected MT. Accordingly, accurate geographic
location of MTs can be performed 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. 21 CLAIMS What is claimed is: 1. A method for a
mobile terminal to synchronize uplink transmissions from the mobile terminal to a base station in
wireless bi- directional communications with the g&%ion that utilize a time frame format having
sequentially identified system time frames, the method comprising: receiving communication data
from the basgh%atcicig (\:/Y:iithine ygtem 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
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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.

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



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 -22 include timing advance data and a Connect Frame
Number that specifies a specific frame for effectuating a timing adjustment; a transmitter and an
associated processor, said transmitter configured to transmit selectively formatted communication
data to the base station within system time frames synchronized by said processor; and said
processor coifigurid tnadistdiming of stansmissidisnofesai F rirars hitterharespongetoftéming
advance data in a received timing advance signal commencing in the time frame specified in the
Connect Frarspeblfiit bermef fheafeaived iiming advgrehsignan 8. A mobile terminal comprising: a
receiver, a transmitter and an associated processor; said receiver configured to receive wireless
communication signalsramithintsequedtialy ddestifiecitimedeases intd ding simittgadvafigesignals

to transmit selectively formatted communication data to the base station

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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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 -23 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:;gmlac@mnmc@rﬁgam@Immirm@rfr,@wfymg:iéigéé@iﬁ@ﬁgﬁ@%e‘feﬁé%math%gn&ﬁﬁ]ing
adjustment; and adjusting the timing of wireless communication signal transmissions of the mobile
terminal in respnseceetimitiadvancy data #igrrdceived timing advance signal commencing in the
time frame specified in the Connect Frame Number of the received timing advance signal. -24

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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SYNCHRONIZATION OF TIMING ADVANCE AND DEVIATION ABSTRACT 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 minimizing SIGA{ES (YEIPAA FTIONOB ARG 'REAARESE HOGLPRRANATIB REvance
commands. This'is accomplished by using TA command signals which include a Connect Frame
Number (CFN) to specify particular radio framgsdegiipg advance (TA) adjustment. The potential for
timing deviation (TD) measurements to be incorrectly processed in conjunction with adjusting a
physical reception window and calculating mobile termination location is minimized, without excessive
commaneeignaking reqtie mentsiubity. 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 minimizing signalling overhead through
effectively reducing the frequency of time advance commands. This is accomplished by using
TA command signals which include a Connect Frame Number (CFN) to specify particular radio
frames for time advance (TA) adjustment. The potential for timing deviation (TD) measurements
to be incoirectly processed in conjunction with adjusting a physical reception window and
calculating mobile termination location is minimized, without excessive command signaling
requirements.

FIG.8



