[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 [§00itherSYBHEAHIRONIZA PLOMN DB TN QUADY2INTE albts (B wiidnar
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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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 transmission received in the BS is the sum of the

downlink and,uplink propagation delays. Radio frame rece tioné_l;)ls_lg.and reﬁ}i transmission (UL) at a
VT before sF3PNEN AAGIHEAL Ao TN Ao I hGH SO o AHE
DL time slot (TS) received by the MT immediately followed by a MT transmitted UL time slot (TS).
Radio fram&S¢SRERRBIBAt (B KRAW Rt B ACEILY UL a base station before any timing adjustment is
performed is shown in FIG. 1b. FIG. Ib illustrates one MT transmitted UL time slot immediately
followed by §0887%fansmitf€d Dontipensiée. {0069 As gefiepedati i @claythend TTeynaiamr askan the
downlink time slot reception at a time T1 and initiates its uplink transmission immediately thereafter.

As shown inifri&ofedbptstalt tidhmutowhliftaime sioh (EPdirEtibs aisthe. BPHRCAUIsmisatdine
T2 and the end of a preceding uplink time slot (TS) received by the BS occurs at time T3. The

difference bsggﬁ)% rﬁﬁxg&&%mg gﬁeﬁaﬂﬁé&ewwwr}gtﬂwﬂ&m APBIY R EMAINRP-TUNLT

the uplink an propagation delays.
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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[001Q] 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 | [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 transmitdlHe dradRibthsicdeef spmerdinganlinsdma fahChSksecoiv ety dbhe RSrsmms at

Radio frame transmission (DL) and reception (UL) at the base station after TA adjustment of the
transmissiotitse shibwhtia diier2incE it Reahtimsohd Afl fRhsmitfentdal tdimetiston mivedisitely TD)
followed by a time advanced MT transmitted UL time slot as received at the BS. [0013] The MT has

advanced thedis bae-sias Hﬁf@ﬁﬂﬁ@pmﬁd&ﬂiﬁmaﬁa HavhAnkoRBd HoMimesTS to time T4. Since
y

the received t|me slot at time T5 has alre incurred the DL propagation delay; the new MT time slot
transmissm T4 -3 syﬁghf eqesception elx%% t adyanced
by the expe cted UL propagation éeiay [0014?5:'4 l#m%51:!‘;1A6t(g~:um 6%%1 aﬁﬁd %sgt ¥
Equation 2 OOlg{'ﬁIan'léglilgS next time slo (2 + DL ro a%atlon d?a?(/ Equation 3 [0016] T4 =T6 (BS
next time sl o e 3:110&1&%9%5[18{ 0 Syne 1ze uplink transmission with downhnk
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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[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
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 receptien in eithe BS or MT. A, "physical :
oception witdOS S o RS Lo o) SR L B S ARG Y g
deviation. The physical reception window shifts within the GP as MT propagation delay changes. -4
[0020] The rfigastted b reppagatiensklB¥n 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
synchronize the TA adjustment in the MT and BS, since the BS reception window shifts as well.
Conventionally, the BS controller continuously monitors the TD for each MT independently and

generates Tfoeqenands in qdvante OTK¢saawe WP ¥ BIASRIBINRUGROQUBRING exqegsiadon 2

[0021] The logic used to generate TA commands infrequently must also take into

[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.



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 maintaining the reception window, minimizing
signaling overhead and geolocation, it is important to know the TA for the time slot the TD was

measured. ABBRGnt has rddiyRigasnass: Therafleste the lasotion ndHthivip lysityltocatiptichevindiow

take affect in the MT on specifically identified frames. [0024] The need to coordinate TA adjustment in
the MT and WithireaberéfenTire fia Beotddespeciicaripestinhrafind neseslificspsivaedheding of
reception and -5 processing in the MT of the BS generated TA command Is not known to the BS

controller. OnglepIYRIGINaRSHPErS 1 @My@mﬁwma@ﬂMM?gﬁggjﬁfg 'eéinsﬁgce

the radio frames are sequentially numbered, periodic sequential frame num ntfona

e e BRISTRINAY P A T e
number per{%%x?ﬁgf’ssﬁ%ﬁfi for ég(i:%aﬁﬁgdependently 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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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 fre,:n
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 (Ti) after TA
frame number 1 and a time (T2) before TA frame number 2. To guarantee coordination of the time

the TA will tikeeetD vl Md W the BS, st st raromimsadrisings knowande rthen s

period to expire to generate the request at time (T3). The result is when the TA requirement is
recognized abtitrelldthe ol ayotoveatioiadtmtthdd\is Gadpistralotisagdiestaraiiancne drarde Mvasher
TA period, and at time T2 the delay is less the two frame number TA periods. [0027] (FN TA period) <

(actual time g aafasicbAB MO BN fediiRarefiE avationzniRshonmisaat basseregniahinatdlise

methodology for TA coordination using specified frame number TA periods results in excessive TA

delays thal g Agidetn Al BIRITID'ECACRvR BRI ASR-Aue 16 thehalanipl i /aled,

radio transmissions. In this case it IS necessary to recognize the failed transmission In

contoler 8 S PR £ S A ST ORI G2 P RSP

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



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 Ti 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: 8 FEmwentrimgttaiesthen tne ﬁammmﬁ[bméé&qrem&htan'd (D030 imcmli@ﬂ@ra?r i@fess

solution has the MT confirm each TA command as shown in FIG. 6. For this example, a timeout on

the TA confitheatioo filhiesulinibeieTAngastion of the TA command. The TA adjustment failure will be
recognized faster then waiting for the TA. frame number period to expire. However, this faster

recovery 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,

acisiment B ex BB e TG e AL A2 SNk hARsoDoRzegn 5

accordance with a flrst aspect of the present invention, there is provided
[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.



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
timing adjustment; and adjusting the timing of uplink transmissions_of the mobile terminal in response
to timing ad{&tceldata in m&mﬁftﬁﬁﬁ@}ﬂé@%ﬁ@é g L spmhamcRaghinl theqimaardras djtitied
in the Connect Frame Number of the received timing advance signal. -8 [0032b] In accordance with a
second aspéct BiGhe freEent thientiompgiere ds tprovidedoa mibbiléltarndivalithaatsuppoitd wireldissin
bi-directional communications with a base station that use a time frame format having sequentially

identified systeanimes fFMEIROMArisHemAKacaiNercaniijuteshiarestive odmnicalion dattaiem
the base station within system time frames including timing advance signals which include timing
advance da{ﬂ&ﬂ%ﬁ?g@sﬁﬁ@m Nymberdhalsrssilis a spesific frame et effaciuating & tining
adjustment; a transmitter and an associated processor, said transmitter configured to transmit
selectively formatted communication data to the.base station within system time.frame chrenized
oy s prodSSu: aPOP LRI S aBICE AN ) oA OF e e SN TR

in response to timing advance data in a received timing, advance signal commencing in,the time frame
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.



specified in the Connect Frame Number of the received timing advance signal. [0032c] 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 .
effectuatingl8GFANg adjiBtraeerrdanseratiiife PRI ARFRS tPANEMit Byl ForicRed Hireldss
communication signals within sequentially identified time frames synchronized by said processor; and
said procespasvidafiguradhitiadiustirangmissippaitsingisestdirdnsreiitteralir eespomieatéomningh a
advance data in a received timing advance signal commencing in the time frame specified in the

Connect Frame Numbar @hthadeceivacktiftingeatvanse haigng. sEai@aaat] Inentbicthnysturithtane
fourth aspect of the present invention, there is provided a method for synchronizing wireless

communication signals by & moRile. ALRinal CRIPESIRG RGN MFRIRSSARMMHNICREAN Signalse
within sequentially identified time frames including timing advance signals which include timing

A L AT s L G

il n e Aing i3Sl 2 oG IR G0 e Sona SpenEAL
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 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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[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 b
minimizing signalil@03%dihead thraughretfaetveiyhradisairidy thepaelopie sy picsam aﬁ@ﬁbélcééﬁﬁ@aiﬁds
This can be accomplished by specifying particular radio frames for time advance (TA) adjustment by
including a @anridet Faamethiodntier (SHhsoniAconwirahds. Thenpatentibfordiprialy deyiationiil)
measurements to be incorrectly processed can then be minimized since the TD measurement made

in the BS -8h.faithe CHNsnasified-sagioiffameiristavhichhiim bl adivsimentvasvorhm madedyitiey

MT, will reflect whether or not the TA was actually adjusted. [0034] A preferred communication system

supports baﬁ&ﬁ@ﬁé g (v Anglle e ﬁ%fﬁ%%l%ﬁfb@i'&%ﬁ&f&%ﬁiiﬁﬁ”ﬁﬂ&%ﬂféﬁﬂ%ﬁg{iﬁébﬁnce

utilization of ara rame format having sequentially numbered system radio frames. System BSs

have a wangmilter for ianemilting, selectivelyformatied communication data o MIs within. sysiem
radio frame$ A tcEVBPTSH fé |V|n'gc§8 taRication ataRrom M Tewithin System radio frames.
The BS receivers have an assgciated processor for measuring timing deviation (TP) in identified radio

frames of cAATIES oAt It EN el B ST H & Qe MBS fFF communication signal transmissions o

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

-Bh-



. [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 mo cent spcgessful TA command's, adjustment and a measured TD for a selected
VT aciu ST CORREL SR b Tk ai AUMBRIEARY Shamigady the
particular radio frame in which the selected MT is to make the timing adjustment. -9 [0036] It is

preferred thatkhe Wikl sifiegtguhetbes oamytdbndrataxas Trtuaghanthnstedelected MT when the

measured TD of a transmission received from the selected MT does not fall within a selected timing
synchronizafié3éhge, i.e /e fidfimeshotinBudicaith Hyssholshisporeictably salesiedns LomaIdRe
with the physical reception window of the MTs and BSs. [0037] After the BS controller transmits a TA

adjustment cepamaiI{ROR m@@gbmﬁé@ﬁJ@i@@ﬁﬁﬁ(ﬁﬁé@ﬁ&ﬁwmﬁlﬁ%ﬁ&r@ﬁﬁi%’a?ﬂ ; ngﬁ%e

selected MT in the -frame specified in the CFN of the transmitted TA command signal is analyzed to

detemine T4e,EA SRS D e S ST it S e
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.



. .command did not successfully TA adjust the selected MT. Otherwise the TD measurement for the
"CFEN 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 m%%]d compansiegiRdhenadindremesspeaiied dnfae ongNg@(n@%tr&C?Wst@rxal for

command. ] The communication system preferably also includes a'geographic loca
associated "%‘the‘i%‘étgéﬂfr Vﬁter |en|1% the QH ical gacggion of the MTs. In I#SE‘I% cggven iona -
triangulation, tWo or Mote BoSTheastrea T Ds with 18 Be SSRGS ARt rE e R
selected MT in a specified system radio frame. However, using the TD measurements alone to
calculate MT9g&8 Gieipit m&é&a&mﬁ%&dﬁz@aﬁ&%}ﬁl%&aﬁa@ feu ekl TAsIgAdas kN Sach
adjusted. With the embodiments of the present invention, the TA of the MTs' transmissions are known
for virtually alff@dibréstrobbissineéetablaciabicTadisaomalafthatintst promitdl Acmptiandisidmal of
successfully sent to the MT. Since the TD for each CFN specified radio frame is evaluated, failure of a

TA commanc¢his kfiDsvwindsB®nn as the meassured TD for the CFN frame is checked which is nearly
instantaneously. For a successful TA command, its TA

[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 spec;,iﬁcd 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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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 based on TA command data which is
known to have been effectuated. [0040] Embodiments of the present invention also provide a method
of synchronizing communication data at the BSs. Timing Deviation (TD) is measured in identified
radio framgg@ngyhich compwugationidativis sesaivedfedmabieldstethblidey a B gifaple cnkasived
TD of a transmission received from the selected M'I' does not fall within a selected timing

synchronizgtion.rangena i Arommang:sigiakisiganedie el Asampang signalimeludesfiddata

calculated based upon the measured TD. The TA command signal also -l includes a Connect Frame

Number CEN ifyi ticull dig f f ' jmi j 0
e s o g ey g

to'the Selecte e TA signal is then ived by the
selected MT, the timing of the communication data tfransmjssions of the sglected MT is adjusted
based on (HEBRUGATATNY Lo e i?rrf:HB éFﬁqf@ﬁ@é‘:‘m&&&fﬁéﬁ%‘%ﬁ%@fﬁégg}vlé@ﬁéﬁmme'
command signal. The TD for data received from the selected MT to which the TA command signal
had been tHnwmitadisiendbrddIopenssais MO RD S ifitld Wat MO Re A ARDIFIOSATIRB I A not
command signal to assure the TA command was effected in the selected MT. Preferably, the TA
command sigralgenetatioo;traasnesgion Andichévidsseigatd D cheukinhds mifjested whEHth&iFD
of a transmission received from 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 based
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

-1i-



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 advangadd) soMsnake:sifraistoNusetectedN, spkeifpimeasurediThiaf asignaliveveivid by
a BS from the selected MT exceeds a TD threshold. The TA command signals including TA data and

a Connect Fyame Mymber GRNspadfyinganpasiculas radieframerTiming Adjustranted signal is

communication data transmissions by the selected MT are made based on the TA data of a TA

command -2 3InRdn fhsf tispedgaradip ame The T dLepNYRICBIANdetReee e A

9
the selecte R Specii rame command signal i1s checked to determine

whether the respective TA command signal was successfully effected by t lected MT, thereb
assuring the @& OT ALt REEUBLEaH Vit @?ﬁ%\ﬁﬁpﬁ@é’é}ﬁé’g th%ﬁ%e&ﬁ?ﬁfbf‘(grc '8%\{'5% ra%r%igé}lon

received for a selected radio frame from a selected MT one or more BSs is collected. The TA data of
the most re¢bat Bdcessaraniacosmengiasihdhand TAt srseided ety é Bseramed TA
selected radio frame are used to calculate the geographic location of the selected MT. [0042] Other
objects and aduantades oithe BystdiD aftd methadwilvbéciome 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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. apparent to those skilled in the art after reading the detailed description of the invention. [0043] BRIEF
'DESCRIPTION OF THE DRAWING(S) [0044] FIG. la is a schematic timing diagram of radio frame
reception and transmission at a mobile terminal without any timing adjustment. [0045] FIG. Ib 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.an nsmission at a base statipn wijth a timing advance adjustment. -13 [0048]
FIG. 3 1o an TERHATLHO LY CORDEFLATLI 1 SRITach o i FEHDUM AN o erssy v
timing diagram of a conventional time adjustment method based on periodic frame number. [0050]
FIG. 5 is a thafistaeipd M binthed ddleperificdoadndmmmatand. commendssigralisddetied to
conventional method illustrated in Figure 4. [00511 FIG. 6 is a timing diagram of an alternative
conventionafletetimideotiraihgr deiustpectivtiBing onmmaddiconfirmatisncsignaling. J0RBRHAIG (Hds a
timing diagram of frame number synchronized time delay measurement and timing adjustment in
accordance jeribg Machhae o R RFRREMIRVEMICTA of the selected MT is known. Measured
timing deviation (TD) of a transmission received for a selected radio frame from a
selected MT one or more BSs is collected. The TA data of the most recent successful TA
command signal and the TD measurements by the BSs for the selected radio frame are
used to calculate the geographic location of the selected MT.

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

apparent to those skilled in the art after reading the detailed description of the invention.

[0043] BRIEF DESCRIPTION OF THE DRAWING(S)

[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.
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[0053] FIG. 8 is a timing diagram of recovery from failed timing adjustment in accordance with the

" teachings of the present invention [0054] FIG. 9 is a schematic diagram of a communicating system
made in accordance with the teachings of the present invention. [0055] DETAILED DESCRIPTION
OF THE PREFERRED EMBODIMENT(S) [0056] The embodiments will be described with reference
to the drawing figures where like numerals represent like elements throughout. [0057] Referring to
Figure 9, there is illustrated a communication system 10 comprising a plurality of base stations (BSs)
12 which conduct wireless communication 14 with mobile terminals (MTs) 14. Each BS conducts

wireless co ations g% TS |n hic cell, which.cell areas normally haye some overlap.
Where an I\T‘ﬁq%l%i in an gy ‘5@5 é) zfc 2SR ERF b%ﬁﬁ%‘nt’i%ﬁ%ﬁﬂ?acaﬂ Jetd S
having the strongest signal link with the MT. Where a second BS begins to have a stronger signal

link, "hand dft@cfiEEcommunication 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 proft6d] node BIG64ireapinvie dingeaphysicabor togicaht danestprsibrihe cthe dbnsed
BSs. A radio network controller (RNC) 17, to which the node Bs 16 are connected, controls the BSs
and coordingjep GasaRURIGAEGRMPVEF, the communication system 10. Multiple RNC's 17 coordinate

communications for different BS groups in an extended system. The RNC 17 includes a BS controller
which Contr?tfoglﬂ BSs wiyg;thg &Ogetiﬁﬁng diagram of timing adjustment command failure and
retransmission under thr; conventional method illustrated in Figure 4. |
{00513 FIG. 6 is atiming 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 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

214-



Preferably the RNC 17 includes an MT geographic locator, but it is not required that the geographic

", ‘locator be implemented in the RNC 17. [0059] Each BS 12 preferably includes a transceiver 20 with an
associated antenna system 22 and BS signal processing circuitry 24. Each MT 14 preferably includes
a transceiver 26 with an associated antenna 27 and MT signal processing circuitry 28. In lieu of
transceivers, BS and MT transmitters and receivers may be embodied as separate components.
[0060] Downlink communications (DL) are processed by:-the BS processing circuitry 24 and
transmitted via the BS transceivers 20 from the BS antenna systems 22 -15 for reception by the MTs
14. Uplink ceitinomibalicesniitila (d Ay sritEddhdds thentliicts i snlestangivat v dhie BSsd e By
systems 22 and B S transceivers 20 of the base stations 12. [0061] The BS processing circuitry 24

implements i fiopalitactrQianshBRIMIcRMBIIRIRRS IV RSt iaH ragindiame feimat is

having multiple time slots, which format is used on a system wide baS|s_for all BSs co_nt_rolled by t.he
e o S0 6 R P00 B ORI RO R R o
= confourthfo REHBGTL ARl ATk RS Do) A6 thAPESEN O WSS ARy A erameer
with the respective radio frame of a received MT transmissions, i.e. uplink communications. The
sequential F3ERa! link, "hand 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 transceivers, BS and MT transmitters and receivers may be embodied as separate

components.
{0060] Downlink communications (DL) are processed by the BS processing

circuitry 24 and transmitted via the BS transceivers 20 from the BS antenna systems 22
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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 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 threshol@GESSRAEAAY hgidy sHSrd/ phmkerpmyaicationsiddh ansdsnsmatiaddeomshadddint

failed adjustments and time to detect failure and retry adjustment. [0065] An initial TD measurement
TDo reflectd fanihnggeposition GfeRSpnisivah spsemioRvinddSvinthinctie G20 ofithatiesdatadibns
before any TA adjustment. An initial TA, TAO, is made at the MT which, assuming TAO is successful,
relocates thE2 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 M, gsrmissionermsns,comsiantustL i pexs Swipessivh T dachusmanhasgelesiady

the measured TD. For example, an initial successful tommarnd TAO could set e advance of

the MT rang@RPP AR htiMSiEonthid\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.
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 convenﬁonai 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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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 -17 Frame Number (CFN) which specifies
a particular radio frame in which the MT will effectuate a TA command. [0068] Upon determining TA

‘adjustment [98@¢bssary, Hresbbnirtier crmenarisatian Bemniats shawd witenachoperiog tied a
delay required for the prior art periodic TA frame number based adjustment method such as
discussed ipoatetentioneditepgidr avitlhigurehdclE acipiicainreaaptzantwdide W Trintieate 3 Asspecific
frame identified by the CFN when the MT will perform the TA adjustment. As illustrated in the
signaling flowr&ingram phawmb G whesoe Bmaens @ﬁ%&ﬁﬁén%iﬁewm%@s into

isnecessary, based on received TD measurements at time Ti, a TA command is immediately

oo Sl PENEl SRS STl pese s IR IR P B Ie P e T

approximately equal to time A command in speci e particular radio
T e SR T R RAT T A
MT processing delay and that the CFN '
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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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 -18
quickly react to failed TA command transmissions and, also, can act to readjust MTs that have
considerablé changed distance from the BS since time Ti by issuin&g new TA command Z‘i\%nal.

[0070] The Esae6t 2 vanber K BRL SMeH: SRARHISH FIPIFHEMER B dramme mavEBriiBRIAs Wil
been processed by the MT, so that a TA adjusted signal is not transmitted in the CFN frame at TO by

the MT. Theffecmetsardiharmanthed3S at time Ti 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 JOGP8TA comgasl @itirmeiTiagIicaddeteeminisiccorsthodtheBBasmtistidt@enerates
synchronize TA adjustment to a known frame number by the MT and BS controller, very little time is

needed to gepaLas R AR TAAIMANT Mo e dens, TednaeRior B AR pinibme Tia

[00711 The ability for the BS controller to react immediately Gpon reception of the TD measurement

on the framg number specified in the previous TA cammand ajlows . . . .
frane number based' ad_;u@tment efhSd iR s 419 Rsed 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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more time to generate TA commands without exceeding the physical channel reception 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 is to -19 take effect, the TD
measurement received for that particular radio frame will indicate if the TA command was correctly

received arfipddpraeet by it T Acuommyhirdb ristiensemé miso eaineatito spadiist Mifestheid

.occurring in the CFN specified time frames will normally indicate failed TA commands, while such TD

measureméntsarcottydid sl yrelmag adiitinoamed)fiogicaie B Shange titnd T 0 eatiavufye m Whererthe
TD measurement of a received CFN specified time frame is attributable to MT relocation, the new TA

signal is ge&e,gﬁgegﬂg 4n that TD measurement to produce an accurate TA for the MT. This is an
important capability since the BS controller is aware of is a previously failed TA command adjustment

sothatac adjustment can be mad v0|d he n ed to re eat the falle(b nﬁg%
[0073] Forgeolocftlon tht?}éjeeC osgé)t?)r c%arl\ §n?p c&t’nangu r%% c![“g"@ﬂa}% i@n gmgﬁfc MT
by several BSs W|th(£1 igher dﬁgree of rellablllt)égWhere a selected MT is in communication with a BS

for conductig o EricRIRrRSsghirstioMh it dhanis e adiesRinaianalgiarot

generated by the BS controller to the
transmitted in the CEFN frame 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 'recepﬁon
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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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 systems where there is.Qnly communication with gne BS, the MT also measures relative frame
ocention AN SN h NG BT ECHG HF Chah BIEAAE Ao (B B bmeste 1t
distance from the current cell as reflected by the TD measured at the BS allows for geographic

location det8iihAtieprimanth epstemseathssacsived aud gierto mred iy tihe didgle Bscoplingly, TD

measurement. It is also known to use pathloss measurements in such calculations. [0075] Preferably,

when a geogreghicciocatiopueddetidspecificeiilihs lgslesaphicidgdatorespesilign & fivatdmdifadfiame

in which. BS TD measurement of received transmissions from the selected MT is collected from the

BS in primagyi GmmMIAI cHiFhe FER S MAnis R SYReTDANa i AR M MR B

triangulation system, also from one or more other BSs. The geolocation is calculated based upon the

T e S A 0 5 T i MR
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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_ 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 base station that utilize a time frame format having

sequentially evided sjmeeniima fraruesnedsmecholtagoedpfisimya tr éeaivitlgaoB@sunication data

.from the base station within system time frames including a timing advance signal which includes

 timing advpigE4ata anghaTOIDNgGtERmhbteTinae hasshestiamasRasilin Fameies Bleaiaing a

timing adjustment; and adjusting the timing of uplink transmissions of the mobile terminal in response

“to fiming agivange i akeeeamiagAthanagslongl SURMENCG M IMe T 30g SRET e

in the Connect Frame Number of the received timing advance sigha

difference measurements combined with distance from the current cell as reflected by the
TD measured at the BS allows for geographic location determination in such systems
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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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
configured to adjust timing of transmissions of sa} ﬁ@@{nitter in response to timing advance data in a
received timing advance signal commencing in the time frame specified in the Connect Frame
Number of t%ﬁgg%isvagmingsadvance signal. 3. A mobile terminal comprising: a receiver, a
transmitter and an associated processor; said receiver configured to receive wireless communication

signals within sequ?ntially ide&té@gg) im%]];rarges i%li‘fgin%e&iq%ipr%?d\égncs Islm&@%lgi%hi mﬁ{ude
timing advance data and a Connect Frame NUmber specifying a specific frame tor effectuating a

timing adjustient, said.ransmitier gonfigured 19 sransimit sE1SCtYRlY AR NTRIESR.ss 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



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 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 reapdnse todimigppdeduanceddata imad redsiveddinfiirgnaganoesignabtomesenesing in the
time frame specified in the Connect Frame Number of the received timing advance signal. -24
SYNCHRON kfAdKINT@ R d TivH M AR MANCE tAND OEATIENTABSTRACT A system and method
for reducing the latency from timing deviation (TD) measurement to time advance (TA) adjustment.
The invention uses a deiesniitistic prdcedwese:coodinaie time, 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
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

23



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 incorrectly processed in
conjunction with adjusting a physical reception window and calculating mobile termination location is

minimized, without excessive command signaling requirements. FIG.8
signal commencing in the time frame specified in the Connect Frame Number

of the received timing advance signal.

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

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

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

Number of the received timing advance signal.
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