[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 division-duplex 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 3rd generation
3G) wireless protocols, time division duplex (TDD) and time division
T B RO SRR KT ANAD G TSAN Fa bR TS IR LATHR
repetitive time periods known as radio frames which are uniquely
identified by a sequential cell frame number (FN). Each radio frame is
further subdivided into a plurality of unique, numbered time slots (TS)
[00Qich are Tidivipphipgtemsigadsiariginkiuin) bSd dwetisiof@L spplication No.
transmission. [0006] Radio transmissions incur a propagation delay
60/ 115,088 @l thergtand®¥bm a transmitter to a receiver. In mobile cellular
communication systems, these delays vary over time as the distance
[00B3iween dlimopitsdetmircltion Fylates gduselbtdtdngiBSyohuhangesiomsystems.
order to receive communication transmissions without error, the time of
MorecpptidivatiystHze krevontoethies éc eivestg®00¥ Motbodoe agad:hrhmzmg uplink
- varying propagation delays and to maintain a known
and downlink transmissions for time division-duplex and time division multiple access

protocols to compensate for radio propagation delays. As an additional bepefit, the ‘

4

systems facilitate geographic location of mobile terminals.

10004] BACKGROUND

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

{0006] 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 fr a m e transmissions do not vary overtime 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
chadleldy BPpreximatebepalabitrthaidennlinuprenadationitatay diver Ubkinkme of
transmission received in the BS is the sum of the downlink and uplink
recdbRPRGAlOD ARl nRadiR daspareception (DL) and reply transmission
(UL) at a MT before any timing adjustment is performed is shown in FIG.

f}fﬁiea%sf&a%mmtg%@bagmﬁaﬁl Qbfdy2) arRcRivadiMiDe knmown
(0]

[00@7119(3- laiustra , : :
MT immediately followed by a MT transmitted UL time slot,(TS). Radio

timg%@“%@%?aj%ﬁl@aﬁ%ta@agn@&&@ilﬁmé%ﬁaapcms% joa befre Alnission

timing adjustment is performed is shown in FIG. Ib. FIG. Ib illustrates one

tim%%egﬁg{?%%ﬁy Abefwgtim@w&ﬁ%!qﬂgg B BRSHFADSHed AL are

s reflected in FIG. | a, the MT synchronizes on the

supd owokp g%%?l?lll%tn?é 2 ﬁﬁéﬁé{%{gggﬁf& A inHRIeS RPN frerent depending

ansmission immediat As shown in FIG. Ib, the start of the

updf YK IES g%%%ﬁ%éﬁ%&ygm%%y& R ANG T2 80knd are

nd of a preceding upli me slot (TS) received by the BS occurs at
o R RS MR A AR = o o
[Oﬂ%%ﬁpagati%gwss'ynchmnizcs 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 upiink propagation delays. Radio
frame reception (DL) aﬁd reply transmission (UL) at a MT before any timing adjustment
is performed is shown in FIG. 1a. FIG. 1aillustrates 2 BS transmitted DL time slot (TS)
received by the MT immediately followed by a MT transmitted UL time siot (TS). Radio
frame trahsmission (DL) and reception (UL) at a base station before any timing
adjusnnent is performed is shown in FIG. 1b. FIG. 1b illustrates one MT transmitted UL
time slot immediately followed by a BS transmitted DL time slot.
[0009) As reflected in FIG. 1a, the MT synchronizes on the downlink time slot

reception at a time T1 and initiates its uplink transmission immediately thereafter. As

shown in FIG. 1b, the start of the downlink time slot (TS) transmission by the BS occurs

2.



[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 agation delay + DL propagation delay.= uation 12] Radio
s G B e e S i e B 88k
. ' ent is shown in FIG, 2a. EIG. 2 ows a BS transmitted DL, time
i S LA 55 S S0 AR A RARLEFOR A S BEAPGARR (1)
Radio frame transmission (DL) and_ receptjon (UL) at the base station
a0 HERHA AR BRSSO T S 1. 20
shows one BS tranm%gted D.% time slot immediately followed by a time

[00L 4y anced Me HARERRddeB i aogdased thecammand Mo fshustheeplink

. MT has advanced the UL time slot transmission according to the TA ]

time slot ERg MBS P THART 4 BTHERNRE PRbSK SqrREssior Ao wglink
has already _incurred the DL propagation delay, the new MT time slot

receplingAtdbH R Smeines Bedyht I*Fréﬁ!’fg%%‘é% ¢e Basreiivae dovalinetiss slot that
received UL time slot advanced by the expected UL propagation delay.

has gleendypncurred_ardoysrintopIgragaE WIdpyh dhaddh aeehadvEatatiensmission
[0015] T5 = T6 (BS next time slot) + DL propagation delay Equation 3

of upjgilstime slqts P Shad® e slofplink apdbopawatiok puinyeademtoteys. 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. 22 shows a BS transmitted DL time slot followed
by a time advanced MT transmitted UL time slot at the MT. Radio frame transmission
{DL) and reception (UL) at the base station after TA adjustment of the transmission 15
shown in FIG. 2b. FIG. 2b shows one BS transmitted DL time slot immediately
followed by a time advanced MT transmitted UL time slot as received at the BS.

{0013} The MT has advanced the UL time slot transmission according to the TA
. command from time T3 to time T4. Since the received time slot at time T5 has already

incurred the DL propagation delay, the new MT time slot transmission time T4

.-



[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 .
syriéiedhnR s et esatioon vidthiTéadhadiSfraceevbdtieetiranbrhitbdniad by the

of each time slot. A conventional time slot structure is shown in FIG. 3.

exp'@la%&;ﬁ,argg;ggggﬂuﬂt@a@_g)us transmission and reception in either the BS
or MT. A "physical reception window" of operation, 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.

[0074[0020] The megsurady TRy iraty thrd BBlRe iR iioa)receigmtion 2

window within the GP. The TA provides a corrective shift of the physical
rod %ﬁpﬂon windowrgnithip the G5+ isdmBorapTipaynahigsizedas TAquation 3
a

stment in the MT and BS, since the BS reception window shifts as

[od’Y%é'- Conventionglly-the BsGRatralss sRpinugushs pmaita ei8e, TD Bokation 4

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

[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 contreller may require considerable physical resources, it 1S
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 shifis within the GP as MT propagation delay
changes. |
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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. [00221 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.

231 In grder to pro accurate TA signals in.conpection with :, .
1003 it TR SR, B IFTOING Sy oAl nesep g vindow
__geolocation, it is important to know the TA for the time slot the TD was .
withie thifel: AR ddhPRIIETE FOTEFHREIEHE thEtRdIS SRR Mdndow
__is only to allow the TA to take affect in the MT on specifically identified |
withintheSRoob i Impenal dosvasarangtha At b8 M apRHS, since
measurement in the BS to a specific sequential radio frame is difficult
the Bipeecenrtiame iofrscaplisaanall. spaceaianally e 5 eanfelips continuously
generated TA command is not known to the BS controller. One
monjtrreshtidrafercasbdid indsmenarotlaedasnentesd peiovareangia advance of
boundaries. Since the radio frames are sequentially numbered, periodic
the shquedtisifrignkreneptibergiadevobmiagtivinafpesed. However, the period
needs to be excessively large to guarantee that the TA command can be
[00pFpcessed i aogianseddbipenaeste deticginmends asequendntn]og T teke into
determine the TA frame number period necessary to coordinate the
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.
[6022] 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.

[6023] In order to produce accurate TA signals in connection with maintaining the
reception window, minimizing signaling overhead and geolocation, it is important to
know the TA for the time slot the TD was measured. Applicant has recognized that one
method to accomplish this is only to allow the TA to take affect in the MT on specifically
identified frames.

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

the BS to a specific sequential radio frame is difficult since the time of reception and
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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
frc,;n BS generation to MT processing of the TA adjustment command is
the time between TA frame numbers. The BS may determine.a TA
rogB AR Mo To e EriraBRR ARG (Wi SPIENBH TA Rl qinisue BS
and a time (72) before TA frame number 2. TQ guarantee coordination of
configll i ipe G0N VAMiaraldretiadets & Ak Ve Al BEMENSEE ReRpdiaiame
for the previous TA frame number period to expire to generate the -
bowedarias: SinpschoradivharesArssauHentdlly PATSS IR R BRI drame
at time Ti the delay to coordinate the TA -6 adjustment is greater than
nurpber franheonvAOTAY e ey ataintberetiad aerd 1o Ressxasasindy large to
frame number TA periods. [0027] (FN TA period) < (actual time to adjust
guaraitee (@ NT A pesiotivEne 266rPS Hovzsjeappliedyatsasoidbsgrreaariadic TD
this methodology for TA coordination using specified frame number TA
mepameskenbsults in excessive TA delays that can be avoided. For example,
excessive delays can arise due to the potential for failed radio
[00R&hsmissiBnsieterthise dse TiAs frenessarybier reeieomhizectiseafailéel coordinate the
transmission in the BS controller as quickly as possible so that a new TA
proaejustinentonastdnttnan irswege RS atmdrdlisingetiesation of the TA command to

MT processing must be used. This is ﬁhe 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.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 | and a time (T2) before TA frame number 2. To guarantee coordination of the
ame the TA will take effect between t‘hé 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 Tl 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
adjadinstinargriaitarahds anebuihcthenRB COAtRiesdnord et pnainidealdidy is less

commands must wait for the worst case TA adjustment delay before

therege fickat ignaded Tanpasds. base on the received TD measurement. -7
[0030] Another prior art solution has the MT confirm each TA command as

shown in FIG. 6. For this example, a timeout on the TA confirmation will
result in retransmission of the TA command. The TA adjustment failure

[o0ith be resognizeshinsyer (fbanMmaiHing farthe TA) kaPe R TR SRS HRE dRation 5
expire. However, this faster recovery requires approximatelytwice as
much signaling since every command is confirmed. This is undesirable,

since a primary objective is to reduce the TA command frequency. [0031]

fooggordingly, thergexists.a Raes don 2 systpmanid g Rd ﬂ%&@aé%& using

fast and efficient radio frame timing adjustment without excessiv

sp%@%%ém fﬁ%’é%ﬁ? RS ORI RHMMAR Y [0 gﬂa{@?&%& avoided.

present invention is directed to a system and method for reducing

For example, excessive delays can arise due to the potential for failed radio transmissions.
In this case 1t is necessary to recognize the failed transmission ‘in the BS controller as
~quickly as possible so that a new TA adjustment command can be regenerated. Using the
frame number TA period method, the BS Controller will wait for subsequent TD
measurements following an expected TA adjustment to determine if a TA command
needs to be regenerated. This case is shown in FIG. 5,

[0029]. In this prior art example, the BS controller, after receiving a TD- for
correction at a time TO, must wait for a subsequent TD measurement at time T1 that
indicates the TA adjustment did not take effect. The difficulty with this signaling method
is thatthe 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.



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 signaling overhead

through effectively reducing the frequency of time advance commands.

This is accomplished by specifying particular radio frames for time
[o@%ﬁnce (T@&%}?Hkﬁ%—%_ [REhiCRY ASaMestiHRRR NSRS ithown
- TAtommands. The potential for timing deviation (TD) measurements to
in PRRCOreCtly, pracessed sithen minimized, siage-fhe TR MEBHYLIAN result in
lnm%a}I e ir?'the%ég é-%ggofg)fﬁqg@PN specified radio frame, in which the TA

diustment was tohe made by e YT il d6lect Reteron 0eldbe, T34 fast

e A L e OO AT S * o mster

a preferred communication system supports

base station (BS) bile_ terminal (MT) wireless bi-directional .
g P RS A (BT TSN S od T Bt HEUEEIR B faser recovery

seguentially num%ered ?/stem radio frames. System BSs hav.

T ; ; c NosncYever commandis topfirmed. This
SRR P KO PR E T 6‘%‘8%&&/‘&9 Hanted communicaton data 1o

. MTs within system radio franes and. a receiver for receivin

s SRR A RPN b g digovency:
receivers have an associated é)r,ocessorf imeasurin timin de(z?)/ri@ti?nﬁ f

[06PD] in idlermifeRf AR HrifEs SISED MRGHICHB A EATH AL EP RS M allows tor
selected MT. [0035] Typically, TD measurement is monitored for all radio ..

foepnes RSS2 MR B8R0 HLE GRS TR SLREHL SRR RATHAFRE * evaling

number with each TD measurement

requirements..
[0032] SUMMARY
[0033] The present invention is directed to a system and method for reducing the

| latency from timing deviation {TD) meaéurement to time advance (TA) adjustment. The
invention uses a deterministic procedure t(; 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 rapidiy. Radio
resource efficiency is maximized by minimizing signaling overhead through effectively
reducing the frequency of time advance commands. This is accomplished by specifying
particular radio frames for time advance (TA) adjustment by including 2 Connect Frame
Number (CFN) in TA commands. The potential for timing deviation (TD) measurements

io be incorrectly processed is then minimized since the TD measurement made in the BS
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of transmissions received in a radio frame thereby establishing a time
associated with each measurement. Timing advance (TA) commands are
generated by a base station controller that is associated with the BSs for
providing TA adjustment commands for transmission by the BSs to the
MTs. The TA adjustment command generator generates TA adjustment
commands which include the TA adjustment value, calculated based upon
the most recent successful TA command's adjustment and a measured

TD f selec MT. adjustment commands also.include

for Qi SHEE L B (RN g A DAt A s s by the
which the selected MT is tg make the timin ad'ust{n nt. -9 [0036] It is

My e R PO RN G e i ac%ﬁ?%@ r?épé e&a TA signal for a

selected MT when the measured TD of a transmission received frr&%the obi]
[0QkEcted M RIS FoCRIPRAHTH Ub BESE FHRRS S5 RO RZARB A PangdnoP e
i.e. a TD threshold. Such a TD threshold is_preferably seéected tof o fram
tergaRe| IR BRE DMy E R SEGRTIAKBHASE e R AP RRE! fgadinrame
After the BS controller transmits a TA adjustment command to a selected
forut theving sresared YorembrHithiXHEH dEte) Pe EAINE frony BieseRRickrve
MT in the frame specified in the CEN of the transmitted TA command o
tragigniis Eadiyrenonactelaivaly tRImASd| GOHBHRRIAS PR R i dr if+ithin
a new TA command is required. Normally, a new TA command willbe
systemeaitefiarach Arsch GARFIT I EOp BTN E GMMAHE BRd PR faticEesa fviis within
TA adjust the selected MT. Otherwise the TD measurement for the CENT
syftamestiouitibeschZhgfPoieeribstantry #heasspridEmpupressor for measuring
timing deviation (TD) in identified radio frames of communication data received from a
selected MT.
f0035] 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 bass station
controller that is associated with the BSs for providing TA adjustment commands for
transmission by the BSs to the MTs. The TA adjustment command generator generates
TA adjustment commands which include the TA adjustment value, calculated based upon
the most recent successful TA command's adjustment and 2 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.



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

[odggio framg Fs%eé%&*.&%m@t&ﬁwg%ﬁr%%%@o?en@pmms—mmm for

communication system preferably also includes a geographic locator

a SSERCHAep w“ﬁ%%tgggngéagﬁ%g%ﬁ@ﬂ%@&&@y&%@%ﬂmﬁ the MiESted MT

t
using conventional triangulation, two or more BSs measures TDs with

colSTES e uncaion dole eceivad. fam s seleelsd Min & sbeedsucn

a wever,us measurements alone to

e T

the MTs' transmissions are known for virtually all radio frames, since the
the;Mi512R4 RSfhe TA of the most recent TA command signal successfully

sent to the MT. Since the TD for each CFN,specjfied radio frame i
108 At A B S PR SR R ovi A LIRS PRI o gplected

€ meassure
TD for the CFN frame is checked which js nearly instantaneously. F .
M3 e SRUPF AP TS A RN S TRdETY o TOBA S SE AR ™ (e
for the frame specified by its CFN and all subsequent frames until a CEN

fragananedieanie SrtnexPSiRedSeRITA O minAIFARE, YR rapaRayzed to

determine if the TA adjustment has been made or if a new TA command is required.
Normally, 2 new TA command will be immediately required only if the prior TA
command did not successfully TA adjust the selected MT. COtherwise the TD
measurement for the CEN frame should be changed by substantially the same amount
which the TA command was to effect and shouid faﬂ within the TD threshold.
[0038] Preferred mobile terminals (MTs) have a transmitter and an associated MT
processor for fransmitting selectively formatted communication data to the BSs within
system radio frames synchronized by the MT processor and & 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 radic frame specified in the

CFN of the received TA command.
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location calculations maybe made with respect to anyradio frame based
on TA command data which is known to have been effectuated. [0040]
The invention also provides 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

o R R R A B e
assofﬁt%ﬁ%a%ﬁ%f S %@%ﬁgmw .

command signal is, transmitted to the se% ted MT. If th Z‘&[% al is the
conYgREREH Ly IREEI et T, Hhe Iffﬁﬁﬁ e A in ko e et

transmissions of the selected MT | based on t TA data and
comgBIMRERCI G FECT SRR RIS hdiof (RSTMBE SP PR a0 frame.

command 5|gnal The TD for data recelved from the selected MT to whic

Howsaen s drd S A r FRa s alo RaRehi %ﬁ%@ﬁ&%@%‘? IfHagaHpg will not
frame specified in the CFN of the transmitted TA command signal tQ
produgs a8 BreUrAlesrRaHd IR Y distgaalifahocsiddetiinstep roriithnile prgsent
TA command signal generation, transmission and the associated TD

invesHinskifits i$ e BB A NVHC T RREMTISSHIRS (PEh KRASGoFPTSENAl bimaghe frames,

selected MT in the CFN radio frame does not fall within a selected tlmln?
sinogythetani Aidrsrdhed or o fistBrahgesByTdh comsurnd fignalsengarigly sent

the TA adjustment, since this would indicate a failure of the selected MT
to the Mip|Simenthiad D for each CFN specified radio frame is evaluated, failure of a TA

command 1s known as soon as the meassured TD for the CFN frame is checked which 1s
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 CFEN 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] The invention aiso provides a method of synchronizing communication data
at the BSs. Timing Deviation (TD) is measured in identified radi;() frames in which
communication data is recetved from a selected MT by a BS. If the measured TD of 2
transmission receixlfed from the selected MT does not fall within a selected timing
synchronization range, a TA command signal is generated. The TA command signal

inctudes TA data calculated based upon the measured TD. The TA command signal also
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previously transmitted TA command. [0041] The invention also facilitates
a method of geographically locating a mobile terminal (MT) in a
communication system. The method comprises effecting MT timing
adjustments by communicating timing advance (TA) command signals to
a selected MT, when a measured TD of a signal received by a BS from

- the selected MT exceeds a TD threshold. The TA command signals
including TA data and a Connect Frame Number CFN specifying a
particular radio frame. Timing Adjustment of communication data

indARSMISSRN DY the.AplerigAdT @W%ﬂ@c‘?@%@ Qr;ﬂ{&%gnﬁa‘?aféd% Flfde for

command -12 signal in the CFEN specified radio frame. The TD for

o e T e T A et i
wIFRGEL, T S sl vas yppisghly e e s, e

ere Yy assurlngt e a own.

hnﬁ%@?lﬁdg%f?ﬁ% qc(;aa\lll.zaltl%a of a. transmlf oneliec ?g,é[or aP?eeﬁ?ic\&%ased on

ram se ecte one or more S IS CO

o R S T A B o

calc e the ra |on of th ecte [00 ther.o ect
005?1‘5‘ esggfetiﬁ) é%?e %ﬁ&‘?ﬁ’é’ c%ﬁ:‘?@ %éé&efﬁ Bhgdee TA
skilled in the art after reading the detailed crlptlon of the inventjon.
cofBERAT R 15E QeRIBT %?g INEIRS) 60RT FRes g the CFN

schemat|c tlmlniﬁl{lagram of radio frame recriﬁtlon and transmission at a

ORI ﬁ@ﬁp&ﬁ%,’ﬁgﬁa &gﬁlﬁ@ 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 fzll within a selected timing
synchronization range or is not changed by an amount virtually equal to the TA
adjus-tment, since this would indicate a failure of the selected MT to implement the
previouﬂy transmitted TA command.

{0041} The invention also facilitates a method of geographically locating a mobile
terminal (MT) in 2 communication system. The method comprises effecting MT timing
adjustments by communicating timing advance (T A) command signals to a selected MT,
when a measured TD of a signal recetved by 2 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 2 TA command
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[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 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,

SOOI b A BRrAAIE PR eTReLr [DOBOT I el fRgecived fom
s ST I At comeeg s A0 (USRI AN
et TA G BEHAFAHRRCR VAR, STEREY OB I ISt by e
sl B AL ATEE I tnE WA W frGRgRE Messured
invention. [0053] FIG. 8 is a timing diagram of recovery from failed timin

timingAsiahemn R SfaarEanimps R aSEriTRSS B iR predehraiiedgpe fom 2

[0054] FIG. 9 is a schematic diagram of a communicating system made-in

selasted AT RIS AT AFRRSAANIS R the e SéntAR &g oSt fecent successtul TA

command signal and the TD measurements by the BSs for the selected radio frame are
used to calculate the geographic location of the selected MT.
[0042] Other objects and advantages of the system and method will become

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

[0043] BRIEF DESCRIPTION OF THE DRAWING(S)

[0044] FIG. 1a is a schematic timing diagram of radio frame reception and
transmission at 2 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
fransmission at a mobile.tcrmﬁnal with timing advance.

[0047] FIG. 2b is a schematic timing diagram of radio frame reception and

fransmission at a base station with a timing advance adjustment.



[00551 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. [00571 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 (MTSs)
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 isgeneral :
100 B el 316 S8 SHHSCRrSD SRR A ey S8 M BB period
begins to have a stronger signal link, "hand off' of the communication
SIeetfs. Desired parameters and procedures for effectuating "hand off' are

well known in the art, [0058] In a preferred system such as in accordanc '
[00fth 3G wiRlesh pRAGEIB T AT S AR IS TTGUR S Ry BB hod based

Ical or
logical connection with the one or more BSs. A radio network controller
on RNTE AaBGAIEARTe node Bs 16 are connected, controls the BSs and

coordinates communications over the communication system 10. I\gu%tiﬂle d

[0088IC's 17 EbErdiniite ¢oRRRATRSIROALfORTME 8RS SGRIRTmap? taliure an
extended system. The RNC 17 includes a BS controller which controls

retthes B sionthdgdhscea watipaimahigdABusIEd MAdRESan MT
geographic locator, but it is not required that the geographic locator be - |

[0GFidlementBEGn Ghearin g Hideus0o PEak ALISENAYVE RIBISBRORH fLRg of timing
transceiver 20 with an associated antenna system 22 and BS signal

adjsteessng ciegitoyraeEbeenfrman gréigrabRancludes a

[0052] FIG. 7 is a timing diagram of frame number synchronized time delay
measurement and ﬁming adjustment in accordance with the teachings of the present
invention.

0053} FIG. 8 is a timing diagram of recovery from failed timing adjustment in
accordance with the teachings of the present invention

[0054] FIG. © 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.

10057} Referring to Figure 9, there is illustrated 2 communication system 10

comprising a plurality of base stations (BSs) 12 which conduct wireless communication

-14-



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 communications (UL) are
transmitted from the MTs 14 and received via the BS antenna systems 22
and BS transceivers 20 of thebase stations 12. [0061] The BS processing

witicinobidiy tegrimple MERE tHe FonhnBiimguduetretasel coS/mmuetivatipnsatibhdL Ts
into a selected radio frame format having multiple time slots, which format

in aigeugenbbiv addysterichvidt bassoomail B3s vostroled tilape WhiGGelsh MT 14 is
Preferably, the RNC and node Bs coordinate this implementation. [0062]

in apvithitaharaadit dissogcloinnatyeaniceidioifrgenerid igssigdectad dgghe BEdaving
number which enables the processing circuitry to identify specific system

the ftarngsstrsipraMitttesitB B0V Torfivnicatiensnd BSBSgicudryad4 is stronger

‘ configured to measure received time delays (TDs) such that each TD

signAl¢iRsyremens 15’ idemifiechwithite cespeotyeDasie dianemefasetéiededures

MT transmissions, i.e. uplink communications. The sequential frame

for SeEpRatmef thanpeio' fiames amousethfarethis, purpose. [0063] The BSs
provide TD data to the BS controller of the RNC 17 which preferably

[oo4g¢ludes TPImeafHeleRIGR B ded AldiRiS syidentficaiasseipitocols,
MT which made the measured UL transmission and the system radio

nodf AN eNHDBEs Hhichs physicalﬁbr logical connection with the one or more BSs.
A radio network controller (RNC)17, to which the node Bs 16 are connected, controls the
BSs and coordinates communications over the communication system 10. Multiple
RNC's 17 coordinate communications for different BS groups in an extended system.
The RNC 17 includes 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 transceifers, BS and MT transmitters and receivers may be embodied as separate
components.

[06060] Downlink communications (DL) are processed by the BS processing

circuitry 24 and transmitied via the BS transceivers 20 from the BS antenna systems 22
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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 ‘
for rgappsipndiit thodd B Ad ikinlink pomeERLTiIEHhent o AsnERSIEdEM the MTs
position of the physical reception window within the GP for a particular
14 aurpesfioiesl aiie RABSROseRRaRY REFR A § Aensseivaere Qo {Balrse stations
which, assuming TAO is successful, relocates the physical reception
12. window to a desired location reflected by a new timing deviation
measurement TD,. The initial TA, TA., was successful if TD, + TAO is
[00@irtually €fhealBS FRcde06s]climaiTA Srthmmamentsihicsionmeatingnel wireless
constant until the next successful TA adjustment as reflected by the
BS/vidasuranihRafoneiampleclactediviati subeessiirmahimeng Talidplsldsetslots,
the frame advance of the MT transmission to 8 units, a next TA command
whith feani tomshnd theyathraneelthbauid frarainBSiorotarodlahapghd RNC 17.
units. The success of TA, would be reflected in a retardation of the
Prefogdsyred RINOfadacaivasl bbbidamsmisiompidmenttajdhTA, was not
successfully implemented, the TA of the MT transmissions would remain
[0082B units 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 circuttry 24 is configured to measure recéived
~ time delays (TDs) such that each TD measurement is identified with the respective radio |
frame of areceived MT transmissions, i.e. uplink communications. The sequential frame
numbers of the radio frames are used for this purpose.

[0063] The BSs provide TD data to the BS controller of the RNC 17 which
preferably includes TD measurement data recorded at the BSs, identification of the MT
which made the measured UL transmission and the éystem radio frame number in which
the measured UL transmission was received. When the TD measure'mént data exceeds
2 specified threshold, the ES controller generates a TA command for the respective MT.
A conveﬁtional 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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[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
(CEN) 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
[00¢ised adRrsfaiabbmesodunamaicaiiudtag iflenherton WRErpripgripd of a
Figure 4. Each TA command sent to the MT indicates a specific frame
predetantifiecdolenigth GRttiwhehitie MPhyiiqsbroraption TR NstMeYEs Aslhe TD
illustrated in the signaling flow diagram shown in FIG. 7, when the BS
thresholdal prafetarpisieshli Sdjostrtient (sedgessangcipisarvondevcinddakes into
measurements at time Tl, a TA command is immediately generated. Only
accoune ik eljishatnBS:ndriroiep micteessinigrdelay istiyaudyedrsentime Ti is
approximately equal to time T2. The TA command includes a CFN
[006PECifyingithinipal fith eradiedian & B ecfimesTBe wihta theshdnpdiforpisysical
the TA as illustrated in FIG. 7. The CFN is selected so that TA adjustment
recdptfpligddaiatiidmdeo GRifgfar jhaietpeMauBHroatrpliBAtadyifiment. An
propagation and MT processing delay and that the CFN identified frame

initias ransmijtad HivdeenMhavill Arcitaad theBSnyith 4, dersecteesiID, {006 the
Since the BS controller specified the frame number in which the TA

phyeflisistaiephwas-iadescus a dhxmdariapertatdidcendueiad Bniag BSiation
for the CFN specified time slot as received at the BS indicates to the BS

mefRRLANRT tfthe Tife WaSal TA, TA,, was successful if TD, + T4, is virtually equal
to TD,.

[0066] The TA of the MT transmission remains constant until the next successful
TA adjustment as reflected by the measured TD. For exafnp]e, 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 successfuliy implemented, the TA of the MT
transmissions would remain at 8 units.

[0067] To establish the time when TA adjustments take place, TA commands

according to the invention specify a particular radio frame when the TA adjustment is to

be made by the MT. Thus, each TA command signal includes TA data and a Connect
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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 Tl by issuing a new TA
command signal. [0070] The case of a failed TA adjustment command is
shown in FIG. 8. The TA command has not been processed by the MT,

so that a TA adjusted. sjgnal is.not transmitted in.the CEN fra T :
Fron NPFIOERd G R AT E S he B e SRR g MY wil

specified in the TA command, accordingly, does not indicate the TA
effegijatamdrt FRRMATh place. The base station controller then generates a

new TA command at time T2. Since a deterministic @%{% hﬁg_t@en rates
[0068Ed to syARPRGIIFEMAINE s AARISTRF R DR Fr SEPBY HTe Wit

and BS controller, very little time is needed to generate the new TA . . TA
a TAornmuna bRzl WHHS U MEeUring 5‘&%%5‘?@%&3 L‘}a%ﬂ the BRI P RIGPHLC

The ability for the BS controllerto react immediately upon reception of the

frarFOmmesn easrsradinstmeenamRibRinBEh SRSt SFRRAGURRTK! t Prior art

command allows more time to generate TA commands Without_gxce d&rl)g
Figtire hieidal¢hanmeizedeptbie hinYbhivdisateasmmsgiitimangH Sﬂﬁﬁe y the
time slot guard period. This results in lowering the required frequency. of

CFNAvbemtha M ikl pofespidiylgdeatpestirdsihysiedds i signaling flow
required to support the TA signaling function. ) i
diagram shown in FIG. 7, when the BS controller determines TA adjustment isnecessary,

based on received TD measurements at time T1, 2 TA command is immediately
- generated. Only an extremely shorf 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 sc; 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 trapsmitted 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 1s
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 coniroller can very
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[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 and performed by the MT.

Accordingly, TD measurements outside the specified threshold occurring

in the CFN specified time frames will normally indicate failed TA
quicidymermt s failid dustmrmmddeanseistions pnatAlsOrse arkinEsagist MTs that

normally indicate a change in MT location. Even where the TD
haveneasiiderabht chhagetdivedoe AvepduifiBy tineefriansels hitribuitimeatgew TA

MT relocation, the new TA signal is generated based on that TD
comPRAgWIgMANt 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
[00POMMandiadijustensit fad s atachoyphetetadmsianeris shoveimbde. 8. The TA

avoiding the need to repeat the failed TA command. [0073] For

con@elacatiomdhe gaojecatasedanye iyl Ay Triawg tatianTofrechiscesmpatd is not
from a selected MT by several BSs with a higher degree of reliability.

tranVieka 8 s eHRAtFN Kdris #0 TO mymbaibaTio MBS saraond attihg BS at time
normal telecommunications, that BS normally transmits the TA command

T1 sigpRlTganasaied thedRS hertmliesmonthel, setectitghTdSinemirindicate the
accordance with the invention, the TA of MT transmissions is known for

Talifadiadramas:ihe generaghic kacatinaoancogeAiiyaicpatadiby a new TA

conventional triangulation methods utilizing the known location of the BS,

contRedA Aata o mostrece ateraaassaivlhamammaneaigaal (orgndhesaine TA
TA commands have been

adjustment to a knowr 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 recépfion
window or ovérwriting the neighboring time slot guard period. This results in lowering
the required frequency of TA commands and correspondingly reduces the physical
r;:sources required to suppott 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 radjo frame a TA isto

-19-



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 only communication with one BS, the MT also
measures relative frame reception difference between cells. The cell
reception difference measurements combined with distance from the
current cell as reflected by the TD&]@?S red at.th(? BS loﬁ; for . {indicate if
takg g Hgphyhic ToL ARHTHERTRTRFREEOV 1T AR RARIRHIAS Jadip Srede Kl gydicate |
the MT and the single BS TD measurement, It is also known.to use .
the Jetfosamaadstire FRIFRSIHN SHAAVER ARRSAETEO P b dY ol A Rarinely, TD
geographic location request is received, the geographic_locator, specifies
measuyamEaRisicdsidathe mevifien Brestold easurannibs Fdddieepified time frames
transmissions from the selected MT is collected from the BS in primary ]
wilboormaliicadbentofeiledd Seronmsernrs, whily Deshjdioneagneenents in other time
conventional BS triangulation system, also from one or more other BSs.
framhewidlotoratidly indatteterbengasedMblnsateT Fvereusereihets measurement
gathered for the specified time frame and the TA reflected by the most
of aeeerivedcCERS T cdtimafthnitettadihutableledbd Mipcaicardisggw TA
accurate geographic location of MTs can be performed virtually at all
sighishapsinne it TRdbtibatsEuietsMErisRhowTddure tieaTRucemiialng the MT.
signals which have been successful as determined in accordance with
Thihis #nvienpionaf®0Zeibilthlsitive fre&hrimievlionihas teaf tespriddusly failed
terms of the preferred ’ :
TA command adjustment so that a complete adjustment can be made avoiding the need

to repeat the failed TA command.

[0073] For geolocation, the geolocator can employ triangulation of received signals
from a selected MT by several BSs with a higher degree of reliability. Wherea se}acted
MT is in communication with a BS for ccmducting normal telecommunications, that BS
normally tfransmits the TA command signals génerated by the BS controller to the
selected MT. Since in accordance with the invention, the TA of MT transmissions is
known for all radio frames, the geographic location can be easily calculated by
conventional triangulation methods utilizing the known location of the BS, the TA data
of most recent successful TA command signal (or 0 where no TA commands have been
successful), and TD measurements from one or more BSs. While it is possible to provide
geographic location based using triangulation upon the TA, the TD measurements from

two BSs, unambiguous geographic location information via conventional triangulation
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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 base station for a communication
system which supports wireless bi-directional communications between
mobile terminals and base stations via the utilization of a time frame
format having sequentially identified system time frames comprising: a
transmitter configured to transmit selectively formatted communication
data to mobile terminals within system radio frames; a receiver configured
is priwidebivieeeo TiNurdesiiemdatasdrorbiaotsinemanEsstibtie Bitem radio
frames; a timing advance command signal generator configured to provide
[007HMIng aglvamee epsmmandhsignatydds balysmissiomicselectih onelBle, the M'T
terminals; means for measuring timing deviation of received mobile
also 1BERINAs treRiSEIonS inidettified radiobamastenvbith commusitatesmption
data is received from a selected mobile terminal; said timing advance

diffSONREIAR SISRRHEICAS ARG dist fo0eber aie cliffdngcati vanegected by the
command signals which include: timing advance data which is calculated

TD ﬁ@ﬁﬁﬁé@%ﬁ%@%ﬂ%ﬁm&%@&gﬂaﬁm Raniklentiigchiagiolramedarsystems
selected mobile terminal, an

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 communication
with the 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 frame and the TA reﬂacfed by the mdst
recent successful TA command effected by the sc;Ie'cted MT. Accordingly, accurate
geographic locatiox; of MTs can be iacrformed virtually at all times since the TA of the
selected MT is known from the TA command signals which have been successful as
determined in accordance with this invention.

[0076] While the present invention has been described in terms of the preferred

embodiments, other variations which are within the scope of the invention as outlined in

the claims below will be apparent to those skilled in the art.
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a Connect Frame Number specifying a particular radio frame for
effectuating a timing adjustment by the selected mobile terminal; and said
measuring means configured to measure the timing deviation for
communication data received from a selected mobile terminal to which a
timing advance command signal had been transmitted in the frame
specified in the Connect Frame Number of the transmitted timing
advance command signal. 22 2. The base station according to claim |
wherein the timing advance comma ignal generator is configured to
only generate a timing advancen@d d signal for a selected mobile
terminal when a measured timing deviation of a transmission received
from the selected mobile terminal does not fall within a selected timing
YRt oHPER8A ange. 3. The base station according to claims I or 2
further comprising: a geographic locator is associated with said timing

advance C°mm?"Qé’ses‘%2%%9?@?%%&%%5%%1? reel ting deyialien
by said’ measuring means with respect to communication data received
frorel essehedied tioobllectenmimddaticns spelified thndirarirapraidesh basis
forgaleulating ﬁﬁig&?&{ aphiGilacationof.dheseleriedmebilatermingkied
gurmg the specified time frame in conjunction with the timing advance
dasseof EnmosmecermatiedEssful timing advance command signal issued

by the timing advancs command:signal sapesaty Rihaselesindumabits
terminal. 4. A method of using a base station for synchronizing uplink
gig‘ﬁépgmobile terminals within system radio frames:

a receiver configured to receive communication data from mobile
terminals within system radio frames;
a timing advance command signal generator configured to provide timing
advance command signals for transmission to selected mobile terminals;
means for measuring timing deviation of received mobile terminal
transmissions in identified radio frames in which communication data is received
from a selected mobile terminal;
said timing advance command signal generator configured to generate
timing advance command signals which include:
timing advance data which is calculated based upon measured
timing deviation in an identified radio frame for a selecied mobile terminal, and
a Connect Frame Number specifying a particular radio frame for
effectuating a timing adjustment by the selected mobile terminal; and
said measuring means configured to measure the timing deviation for
communication data received from a selected mobile terminal to which a timing
advance command signal had been transmitted in the frame specified in the

Connect Frame Number of the transmitted timing advance command signal.



with mobile terminals in a communication system which supports wireless
bi- directional communications via the utilization of a time frame format
having sequentially identified system time frames, the method
characterized by: transmitting timing advance command signals for
transmission to selected mobile terminals; measuring timing deviation of
received mobile terminal transmissions in identified radio frames in which
communication data is received from a selected mobijle ermlnal \X‘f]?]

timing advancee SR aH B GHERIRERIHE MmN HaaE Tabs

f%@fﬁlfﬂ%ﬁ@dsbgﬁfa@dg@ﬁﬁﬁt@ﬂeﬁsﬂéﬂﬂgmngadm@ﬂ@éhmw ideimtified znachmce

rame orasele ted mobile termjnal, and onnect Fra

BT BRI PRl AT i BTG Aop e B gl iaon,

thenseleatadimohiteiiedrioal; thn eR3tsditdhBastringap oo nve dafuetihtingt
timi n deviation for. communication data received from a selected

ﬁ}ei 5 t%rlrlﬁlllﬁaﬁvtn FWhic °a atiming advance command signal had been

transmitted is measured in the frame specified in the Connect Frame

Numbes of the @ B Rtk NG AAYAD R EOTIRRT GIANA oot fiSing:

metho accor Ing to claim 4 Wherel the timing advance command
signals mgsegipentacmten i Hesros AR cbtithiHE thevrtigRcsf gommand

té?@%ﬁng%%'& neceivedhFom:IRe-segrRd Makigieminaieesiah fatheans
In a selected timing synchronization range.
with respect to communication data received from a selected mobile terminal in a

specified time frame provides a basis for calculating the geographic location of
the selected mobile terminal during the specified time frame in conjunction with
the timing advance data of a most recent successful timing advance command
signal issued by the timing advance command signal generator to the selected

mobile terminal.

4, A method of using a base station for synchronizing uplink signals
with mobile terminals in a communication system which supports wireless bi-
directional communications via the utilization of a time frame format having
sequentially identified system time frames, the method characterized by:

transmitting timing advance command signals for transmission to selected
mobtle terminals;

measuring timing deviation of received mobile terminal transmissions in
identified radio frames in which communication data is received from a selected
mobile terminal;

said timing advance command signals including:

timing advance data which is calculated based upon measured
timing deviation in an identified radio frame for a selected mobile terminal, and
a Connect Frame Number specifying a particular radio frame for

effectuating a timing adjustment by the selected mobile terminal; and
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6. The method according to claims 4 or 5 further comprising: using
measured timing deviation with respect to communication data received
from a selected mobile terminal in a specified time frame provides to
calculate a geographic location of the selected mobile terminal during the
specified time frame in conjunction with the timing advance data of a most

recent successful timing advance command signal transmitted to the

selected mobile terminal. 24 o o
said measuring performed such that the timing deviation for

communication data received from a selected mobile terminal to which a timing
advance command signal had been transmitted is measured in the frame specified

in the Connect Frame Number of the transmitted timing advance command signal.

5. The method according to claim 4 wherein the timing advance
command signals are only generated when a measured timing deviation of a
transmission received from the selected mobile terminal does not fall within a

selected timing synchronization range.

6. The method according to claims 4 or 5 further comprising:

using measured timing deviation with respect to communication data
received from a selected mobile terminal in a specified time frame provides to
calculate a geographic location of the selected mobile terminal during the
specified time frame in conjunction with the timing advance data of a most recent
successful timing advance command signal transmitted to the selected mobile

terminal.
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