WO 01/52461 1 PCT/ SGO /00004 COVMUNI CATI ON APPARATUS Background and Field
of the Invention 5 This invention relates to conmuni cati on apparatus nor e
particularly for peer- to-peer comunication in a wreless é%
frequency)"‘%‘é‘ti%frlk. W rel ess communi cation systens such as HgF%”‘H’H?)‘hes or
wal ki e-tal kies can pr ovr de corrrrunr cation between two parties. However,

when mnul is desired, particularly when nore than
onerxut@bkﬁgHﬁngé gl I ng at t same tine, consi derabl e co-ordination and
synchroni zation of signals, usually through a central or designated
master/controller is required which leads to conplexity and inflexibility
in operatlon 15 1t is the object of the invention to provide comrunication
appar at UB2gfgreun nd elghofdhe bl em Summa[ y of the Invention 20
According to the |nvent|on in a first aspect, there is provided a

comuni cation apparatus conprising a plurality of nobile conmuni cation
devi ces arranged for peer-to-peer conmmunication using TDMVA, the

ar r angeremis ineémtors uslhtdshtat camnaaiichtitey apparnstisd)i mord patticuisty forussas-a tine
slot in each TDVA tine-franme used for transm ssion, the tinme slot in each
frame b ne JHEy [ ces include neans
for syn?ﬁ?%?tériaatlﬁgﬁmt(%m?n\gn?anga‘?w aor%df/ 524%%?‘?(#%&%\‘500004 2 tinme
frame using a synchronization signal, the synchronization signal being

Wireless communication systems such as mobile phones or walkie-talkies can
provide communication between two parties. However, when multi-party
10 communication is desired, particularly when more than one party might be
talking at the same time, considerable co-ordination and synchronization of
signals, usually through a central or designated master/controller is required,

which leads to complexity and inflexibility in operation.

15 It is the object of the invention to provide communication apparatus which

alleviates this problem.

Summary of the Invention

20  According to the invention in a first aspect, there is provided a communication
apparatus comprising a plurality of mobile communication devices arranged for
peer-to-peer communication using TDMA, the arrangement being such that a
said device wishing to transmit uses a time slot in each TDMA time-frame used
for transmission, the time slot in each frame being the same and wherein the

25  communication devices include means for synchronization to the same TDMA



transmtted by a said comruni cation device or a GPS satellite. If nore than
one device wshes to transmt, the devices use different said time 5
slots. According to the invention in a second aspect, there is provided a
mobi I e cOYAOMiZet i on device conprising a transmtter, a TORATBGPEI0Hbde
controller and signal processing neans, the arrangenent being such that an
i nput signal_1lo to be transnitt.ed nmuni Cﬁti on device is digitally

by the c ( ( )
pr ocesselimeyframe usingnai SW%E%%‘%?%@%/@%W%' M SYREPINIZAtionp 89nebhaivg | er
encodes the processed signal for transmission by the transmtter in a TDVA
time sl oransmiteshoyramaid eomeunieationdedce or atGREsateliteon, the tine slot in
each frane being the sane and neans for synchroni zation of the
conmuni cation device to the sane TDMA 15 tinme frame as other nobile
conmruni cation devices in the same net, the synchronization signal being

t ransmi t ff @lofythansenél deoitBLNIsBas ite rah@iic @h8 dediceeRs S atfdrdmt $aid Apgor di ng
to the invention in a third aspect, there is provided a nobile 20

commui CQF}E‘?” devi ce conprising a receiver, a TDVA burst node controller
and signal processing neans, the arrangenent being such that the burst node
controll er decodes TDVA signals received by the receiver in atime slot in
each TDVA tinme frame used for transm ssion of the received signal, the
time slot in _eache%rama bei ng the same and the, signal processing neans
pr ocesseACEHEING; 19 dP§EYeRlIgNANs2 tI£GANEy RaReEn tBeRep iR Papddadamampbile
synchroni zation to the WD 01/ 52461 PCT/ SGJ /00004 3

communication device comprising a transmitter, a TDMA burst mode controller

and signal processing means, the arrangement being such that an input signal
10 to be transmitted by the communication device is digitally processed by the
signal processing means and the burst mode controller encodes the processed
signal for transmission by the transmitter in a TDMA time slot in each TDMA
time frame used for transmission, the time slot in each frame being the same
and means for synchronization of the communication device to the same TDMA
15 time frame as other mobile communication devices in the same net, the
synchronization signal being transmitted by a said communication device or a

GPS satellite.

According to the invention in a third aspect, there is provided a mobile
20 communication device comprising a receiver, a TDMA burst mode controller
and signal processing means, the arrangement being such that the burst mode
controlier decodes TDMA signals received by the receiver in a time slot in each
TDMA time frame used for transmission of the received signal, the time slot in
each frame being the same and the signal processing means processes the

25 decoded signals to provide an output and means for synchronization to the



same TDVA tinme franme used for transm ssion of the received signal using a
synchroni zati on signal, the synchronization signal being transmtted by a
said comunication device or a GPS satellite. 5 In the described

ermbodi ment WOROISE1i nvention, a plurality of mobile comuni EET¥rP1d8WN4ces
are provided. Communication between the devices is essentially
peer-to-peer using tinme division multiple access (TDMA) transm ssion and
recepti orfame ITW&' e famesysrthfmiraasmissianeh the reeeivied riignal usingnen ti e
base to performthe synchronization. In one preferred 1o enbodi nent the
synchr onisyachumizatiqresigoahdbe syngbronjzation sigmel beingatrahsmitteal byl aisald
position satellite (GPS) system In other enbodinents this is achieved

usi ng ei tdoeimaniationmieviceusi nGRIeafalliter RF transmi ssion as a synchroni zi ng
base for the other devices. Al transmtting devices reserve a different
time slot in each TDMtinme-franme so that all transmtting devices
transmt, effectively, in 15 different channels. Thus, full multi-party

comuni ca}.i c hi ﬂﬂaeoqt' | e cripti of _t Wi _ngs_An
errbodi@rreil}t1 gﬁetﬁa‘gespﬁt\)/%ﬁt o V\AIWEB:(’IO\EI)\; Egisede@grgb@(ghd, aoyB@égﬁgf < xé’?féﬁ"%e, with
20 reference to.the acconpanying drawings in which: Figure 1 is block

di agr am GOTARUBIARIANHACKS 28 BERIRRH.c AQBRUAIAIOE RAMWERR (eARHEs. VO
01/ 52461 4 PCI/ SGO /00004 Figures 2 - 9 illustrates point to nulti point
audi o corfifisgndally olegEier§ethe UséitbodMndivesion hempliipknt iseaess t KTEIMAY e 2

showi ng one party audi o broadcast wth unlimted |listeners, Figure 3
showi ng ttramgmaissipnaand! eoeptibrr llcdewicesare synchronized to each other using a

common time base to perform the synchronization. In one preferred
10 embodiment the synchronization is performed by using the time signal from a
global position satellite (GPS) system. In other embodiments this is achieved
using either a beacon or using the first RF transmission as a synchronizing
base for the other devices. All transmitting devices reserve a different time slot
in each TDM time-frame so that all transmitting devices transmit, effectively, in

t5  different channels. Thus, full multi-party communication can be achieved.

Brief Description of the Drawings

An embodiment of the invention will now be described, by way of example, with

20 reference to the accompanying drawings in which:

Figure 1 is block diagram of an embodiment of a communication device of the

invention.



unlimted listeners and Figure 4 showing three party audio conference with
S5 unlimted listeners; Figures 5 and 6 illustrate data comruni cati on using
t he enmbodinent _of the invention with Figure 5 showi ng one g
broadcast W& P¥WAM i mited reci pients and Figure 6 show ng ngeﬂséf) Gt
connection oriented point-to-point data to communication; and Figures 7

and 8 anﬁig%ﬁég Ing_tgailnﬁc,tYét@@Op&hP%&. ok géiinf‘ uHﬂ?c%HthﬁGhigﬁﬁén Q]‘sg% %h

i nvention, I gure ustrating vi roadcast w Irmte I steners

and Figur AN ti [ ' t wth unlimted listeners
and Fi gu?@%é’%'rﬂgnfﬁ {Jh;%t ff‘&? Pﬂ%‘l‘ étN'Eh\/\rTE@;l)Jz? %%@g_%ﬁﬁgﬁ%r%k@%qﬁi
unlimted. |isteners.. Figure 10 illustrates the data structure of a data
packet: WHO ‘Ffi‘lﬁ'[]&%gi'fﬁ?’%rﬁ-st%ﬁué% owing tyqsea X/M%ﬁ%@rﬁaﬁeo\f"th
communi cati on devices. 20 Figures 12a, b and c are flowcharts illustrating
a pr ef er vRliMigd distenareaand - igHee ¥nshawings three Pare mudim . confrreseamwith cat i on
appar atus of the enbodi nent of the invention consists of a 25 plurality of
essend i alhymitee tisien@rs;comuni cati on devi ces of which one is WO 01/52461
PCT/ SGO /00004 5 illustrated in Fig. 1. The device includes a RF

transcei ver 100 which, in wupstream node, nodul ates raw data to be
transmtted using any suitable digital nodulation techniques (e.g. GVBK)

and t hen r hk s f j ACM: ~ ot [ &ASMG-SS| 3 air.
I downsl Ranes 1o gndp il ffaEadue, LERGRRGHon' LSRG LA heHEB: e
invention with Figure 5 showing one party data broadcast with unlimited

recipients and Figure 6 showing multiple connection oriented point-to-point data

10 communication; and

Figures 7 and 8 and 9 illustrate video broadcast using the embodiment of the
invention, Figure 7 illustrating video broadcast with unlimited listeners and
Figure 8 illustrating multi-media broadcast with unlimited listeners and Figure 9

15 illustrating a two-party multi-media broadcast with unlimited listeners.
Figure 10 illustrates the data structure of a data packet; and

Figure 11 illustrates GPS time-base synchronization of communication devices.
20
Figures 12a, b and c¢ are flowcharts illustrating a preferred synchronization

technique of the invention.

The communication apparatus of the embodiment of the invention consists of a

25 plurality of essentially identical communication devices of which one is



5 converts RF signal into base band signals, denodul ating the base band
signals to recover the received raw data. The transceiver 100 is connected

to a burstwglag/gmgpntrol |l er (BMC) 110 which, in the upstrea%(}i/g(ﬁg)g&dag,

col l ects continuous outbound data andsbuffers this for to a perio
equivalent to a TDMtinme-frame and then sends the buffered data in packet

as a burgisihted #EFignat edrHd Mvidelindiiddda HMttdlReVe@Mo@tniichi QHe{j

data rate. An exanple of data packet structure is shown in Fig. 1D an

i ncl udes i [ (L le h .of each
componentPTEEah o RedAREA dalilo MowEiehiMed Lbipga et ang
sync word are signhals.used in r k muni cations to synchronize the

t r ansni s'g‘iogHFattioﬁlngj piatice ﬁf&V@Wﬂé%&?@W@’{%&%@r radioniiegUeASYr es
that all systens are interpreting the start of the information 20 transfer
cor r ect | fangmissiahheougss thrsale s pacdewastseame snaste, t thendranssetver pliP8es t hat
is understood by comrunicating systens to nean "soneone is about to

t ransim t catateats RFHgignaldntoubase bard siyelsemadidatingithe base bhod nigriais
correctly interpret when the data WD 01/52461 6 PCT/ SGJ /00004

transm s @eostrtHesrecévedaaivu@dtapul ses used as a preanbl e vary dependi ng on
t he network conmunication technology in use. Sync word is a unique pattern
which are transmitted during every transmssion 5 slot, after preanble,
and is used for correlation purposes to get the bit |evel

The transceiver 100 is connected to a burst mode controller (BMC) 110 which,
in the upstream direction, collects continuous outbound data and buffers this for
10 a period equivalent to a TDM time-frame and then sends the buffered data in
packet as a burst at a designated time slot in the TDM time-frame at a higher
data rate. An example of data packet structure is shown in Fig. 10 and includes
the following elements, for which the bit length of each component is given in
Fig. 10:
15
Preamble & Sync Word:
A preamble and sync word are signals used in network communications to
synchronize the transmission timing between two or more systems. Proper
timing ensures that all systems are interpreting the start of the information

20 transfer correctly.

A preamble defines a specific series of transmission pulses that is understood
by communicating systems to mean “someone is about to transmit data”. This

ensures that systems receiving the information correctly interpret when the data



synchroni zed every frame, and also to nake timng corrections. A-Field:
A-field is used to carry control, signalling and all other types of
information 1o required for wrel ess conmunication (e.g. handshaki ng

i nf or mat i OWOiIOk/5E4¢é case of connection griented data transferfCHYER8MHENge
information such as link setup, link release, etc.; and information

necessary_ faor .synchroni zatio ipdentit unber_ of e transmtfing party,
addr essegrainﬁmﬁ%g i%#s'cj?‘fa %]CS;B%' %‘ﬂ&e#'l%aﬁsya qrg@rghe &%’8.‘3@%!51["‘1@1 NA-field
has three conponent parts, .,a Header, a Tail and R-CRC. The Header

i ndi cat e$h&\AS @@pf@"gﬂuﬂ}?ﬁéﬁaﬁﬁ?? 0@y t4¥$S-ed by the Tail bits of the A-
field. The Tail (or footer) carried the A-field data. RRCRCis a Cyclic
Redundancy Check field for detecting errors in the A-field data. At the 20
transmtting end, the CRCis conputed for the A-field and inserted. At the

recei vi nGyeisdyofdRS a sinicere patbernawdichhereposrsirhittedeturingse vy teeieaissidnand
retransm ssion i s requested when an error is found. WO 01/52461

PCT/ S0 5@10@fter prEambR], tind T used ifet @o%létio‘hs?&r'b%s%e(b %&f Q‘Le”BFtiIQOeK e.g.
c). an be In

audi o data, video data, file transfer data, e Thi s

Pt e ogBi S T o MR SR R et e

A-Field:
A-field is used to carry control, signalling and all other types of information

10 required for wireless communication (e.g. handshaking information in the case
of connection oriented data transfer, to exchange information such as link
setup, link release, etc.; and information necessary for synchronization, identity
number of the transmitting party, addressee information, call type and priority
level, etc.).

15
The A-field has three component parts, a Header, a Tail and R-CRC. The
Header indicates what type of information is carried by the Tail bits of the A-
field. The Tail (or footer) carried the A-field data. R-CRC is a Cyclic
Redundancy Check field for detecting errors in the A-field data. At the

20  transmitting end, the CRC is computed for the A-field and inserted. At the
receiving end, CRC is verified and the possible errors are detected and

retransmission is requested when an error is found.



errors is used in unprotected node. This neans, the whol e bandw dth of the
B- fieldis filled with the information data bits. This increases

t hr oughpu Protected B-field data: Protected B-field is i e
case of dg{%&?srzénlsfer (e.g. afile transfer) which should Bg%}sggg{dlr%eohgnd
error free. In these cases, the B-field is segnented and each segnent
carries ¢t (Cyclic Redundancy Check) for detecting errors. At the
transmtting end, CRCis conmputed for every data segnent and inserted. 15

Al the rgeindneaRack nRGdSSHAIRT AR08 PRSI BLE Errors ane detect ed

and retransmssion |S reques en*an error

Z-field:, The X;field and Z-fi el re used, t tnd errors in the B-field but
at a suffAtei Efé&'l Lr?‘t%cﬁ‘%sﬁﬂf? »U‘Pﬂggﬁg'?ad’rfq@f ec&l M-dentical, they carry a
small CRC (e.g. 4 bits each) conputed fromselected bits in the B-field.
This is mainly useful for error detection in unprotected node information
transfer. WO 01/52461 PCT/ SG01/00004 8 In the downstream direction, the
BMC 510 UepmiteetsdiBifigidsdaté: data at different tinme slots, renoves the
overhead (the non-informational portion of the data packet) and separates

the inf ore&ELiMe dithdiker audibheidsogdatal Whhdedm tolBratBauty skrtpRdRvepRE M ol | er
is connected to a digital signal processor 120, a GP receiver 130, a

RS232/ USBrindlig 5885 IArotBeledl HBLE. TIOR8 WARILCHATRRRAL of fR0Band 2

m cro-control [ er 160. e burst npbde cont sends the ornmati on

data to 48 dhfd &htnthe MbrRLRSTaSR bitd Ornk heRLde St BlgRoNS ecti on

10 Protected B-field data:
Protected B-field is used in the case of data transfer (e.g. a file transfer) which
should be secure and error free. In these cases, the B-field is segmented and
each segment carries a CRC (Cyclic Redundancy Check) for detecting errors.
At the transmitting end, CRC is computed for every data segment and inserted.
15 At the receiving end, CRC is verified and the possible errors are detected and

retransmission is requested when an error is found.

X-field and Z-field:

The X-field and Z-field are used to find errors in the B-field but at a superficial
20 level. These two fields are identical, they carry a small CRC (e.g. 4 bits each)

computed from selected bits in the B-field. This is mainly useful for error

detection in unprotected mode information transfer.



processor 150 (if error correction is used in the information transm ssion)
and/or 1o RS232/USB interface 140 (depending on the data type e.g. audi o,
video or file nsfer data) and sends the signalling data

m cr o- cont 8““@%L€60. The digital signgal processor 120 is c&%ﬁ%%?ggogg t he
forward error correction processor 150, to a visual display unit 170 via a

Qe 4R REAUSRSANE ilrdfline BRIC A BYRURS ERORCoE i s WHAHE.

speaker rophone are connecte a Vi déo camer via an

anal og to digital converter 230 (the, video. canera 220 be connected via
2 onnec i St TEGOVRE (e, Paeadth BT GrEb AT & T00athe
digital signal processor essentially converts video and audio data for
transm sgiasket)@nshseraiatasthggaioraatithsiaéa frorethg gjonallingidgiml 20 processor
120 receives voice data from m crophone 210, which is digitized by audio
CODEC 190 or video data fromvideo canera 220 which is digitized by anal og
to digital converter 230. The digital signal processor then conpresses the

dat a, sf orTrexBow encdElcontesiter is Bohhectbanmaodigfsdignsliprosesedre0, & Gogvert ed
into ADPCM or video data is conpressed using any known vi deo conpressing 25

algorith i t1400Af |
o Scesson i 51/ B0n AT AR L jiBrReeUAb0s BIMRLRE! 5mEaidiPpldcesor |

e
burst nod ontraoller dir if N I h (o] hrectio t he
reverse p @é‘g ?d@é‘%ﬂﬁ?@i@%ﬁﬂé"s gltzﬂer ibgﬁgtoﬁ\Odgy%r?%‘gF%%?@ asfergsgﬂllﬁ
processor, 120 where applicable, |If there are iple audio streamns
i nconi ng,mmg}@t'ﬁf‘t‘é@tad&cg?ﬁ)%@'cﬁﬁgnagl FPFOPﬁ%SCHEE%@ g? ﬁé‘bjseréﬁrec%rﬁ%t!?”t 05
produce a conposite signal before sending this to the CODEC 190 for anal og
processor 150 (if error correction is used in the information transmission) and/or
10 RS232/USB interface 140 (depending on the data type e.g. audio, video or file

transfer data) and sends the signalling data to the micro-controller 160.

The digital signal processor 120 is connected to the forward error correction
processor 150, to a visual display unit 170 via a digital to analog converter 180,
15 to an audio CODEC 190 to which a speaker 200 and microphone 210 are
connected, to a video camera 220 via an analog to digital converter 230 (the
video camera 220 may be connected via a connection port to the device) and to
the micro-controller 160. The digital signal processor essentially converts video
and audio data for transmission/reception. In upstream mode, the digital signal
20 processor 120 receives voice data from microphone 210, which is digitized by
audio CODEC 190 or video data from video camera 220 which is digitized by
analog to digital converter 230. The digital signal processor then compresses
the data, for example audio data in the form of PCM audio samples is converted
into ADPCM or video data is compressed using any known video compressing

25 algorithm. The compressed data is sent to forward error correction processor



audi o conversion and out put through speaker 200. The RS232/USB interface
140 is connected to the mcro-controller 160, forward error correction

processor data term nal equi pnent (DTE). to RS232/ i ce
140 acts a‘%gghg% tctrical interface provi di ng a physi cal rreglgt?ﬁglc{y(l)}aé({rognsfer

data between the DTE and the comuni cation device. In case of data com ng

fromthe, 5’@(?' el R {lﬁlgdgocw RITBRE . bUFSE Ped ?ﬁnﬁgé{)ﬁ@ﬁgﬁﬁm‘?' S|} hige data

either directly to urst node contro rectly via forward

error correction proc or, 1 f e r rrection i.s required. The 15
Rs232 PP AR FaRUPEdRTY tnd dRverserietes AHECREre s Fatabrtied B .
flow control, link setu vm'tH TE, release of link etc. The forward error
correct i 6% pioaksigpal preressor Ae0upberearpiratie ilhiherecare, Builtinjatassliod dat a
fromthe digital signal processor 120 or interface 140, encodes 20 this
usi ng anstrearasdreamings Hrkerdatier decooprassidnomllahgaudiosigrals aex anpée to

convol utional coding and/ or Reed Sol onon encodi ng before passing the

encoded gadacetm tbmpositstsignaleforet sending this0to the CODEOWDY feraandbgect i on,
the forward error correction processor 150 receives data fromthe burst

node  coglidigldopiedsioh and digs@dsfoudhesstiadier9pong the reverse process to that
descri bed 25 above, e.g. Reed Sol ormnFS%%acodi ng and/or Viterbi decoding, at

the sane tinme WO 01/52461 10 PCT/ SGOL/ 00004 correcting those errors that
are correctable. The FEC processor 150 then passes the data to DSP 120 or

to the 3 | aterface e applicable. The gl obal positioning, system
(GPS) reRfé? \WQ%@&?&%@%%F%@@G‘?F%HG g\l%%scgrgfcglpr imbsP%{Wé‘gcﬂ)r ovi de
atimng reference _signal (tine-base) to the burst
error correction ~ processor 150 and data terminal equipment (DTE).
10 RS232/USB interface 140 acts as an electrical interface providing a physical
medium to transfer data between the DTE and the communication device. In
case of data coming from the data terminal equipment, RS232/USB interface
channels the data either directly to the burst mode controller 110 or indirectly
via forward error correction processor 150 if error correction is required. The

15 RS232/USB interface 140 is controlled by the micro-controller 160 (e.g. flow

control, link setup with DTE, release of link etc.

The forward error correction processor 150 in the upstream direction receives
outbound data from the digital signal processor 120 or interface 140, encodes
20 this using any standard forward error correction algorithm, for example
convolutional coding and/or Reed Solomon encoding before passing the
encoded data to the burst mode controller 110. In the downstream direction,
the forward error correction processor 150 receives data from the burst mode
controller 110 and decodes the data using the reverse process to that described

25 above, e.g. Reed Solomon decoding and/or Viterbi decoding, at the same time



node controller 110 which uses this tine-base to align its TDVA tine-franme
to the GPS tine-base boundary. This is to achieve synchroni zation of all

conmmuni cation _deyvices within a radio net. io The visual di it 170 is
a LCD di %Pé)f/,sg‘?ypl asma di splay or any other comerciall y%@%’qd&l&oé@t
display unit (e.g. a video nonitor). The mcro-controller 160 controls the
oper at i gprrettindiahosdasrrarenthanentescofrettable. defie EEThsroeesssroh ber thieh
connected to a Random Excess Menory 240 and a is Read Only Menory 250 and
a_keypad;268s tlde%asUhSe 1200 ERSZE)/OSEPinkd whév&ga?ﬁdé%lé.“t eracts
with the user Interface of the system The <controller 16 etches soft
code fromthe ROM 250 and executes by using the internal/external RAM 240
as the data nenory. The controller 160 receives user commands fromthe

keypad 0 (or voice-activated mands .fro SP 20 1 and inferfaces
with thgf?‘&té‘@bak8%@?%@&5‘95336#3%@9%5(%%‘9'\’%{ rﬁ% tf?B‘F'V?Tnég%’%l $ignalediefini cat i on
usi ng the enbodi nent of the invention will now be described. The

conmini &P grteliiesnandpPrevide; atening oieferease tsigralditimesbasel tartie iboiret  access
(TDMA) in a nmulti-user environnment to allow any user to seize a 25 required
bandwi dinfodan cdetmaliet {1F which Usds t)is timeabasenta aiigatiisoFD MiAatimel-fraime 40
01/52461 11 PCT/SGO /00004 send that information as data packets with a
desi gnatjesl @edy affe-blBe badad&ayseeTkiguid theashisi@gbgdirbhizatdn Net tdip! e
parties. The communi cation group can be effectively of any size but all of

the 5 Eﬁﬁﬂnﬁhieg%ﬁd%b%@k%i@fn‘éﬁriamd‘néthe radi o coverage area of others. The

area conftines one group users is ternmed hereinafter a radio-net.

10  The visual display unit 170 is a LCD display, a plasma display or any other

commercially available display unit (e.g. a video monitor).

The micro-controller 160 controls the operation of the other components of the
device. The controller is connected to a Random Excess Memory 240 and a
15 Read Only Memory 250 and a keypad 260 and executes the communication
protocol layers and interacts with the user interface of the system. The
controller 160 fetches soft code from the ROM 250 and executes by using the
internal/external RAM 240 as the data memory. The controlier 160 receives
user commands from the keypad 260 (or voice-activated commands from DSP

20  120), and interfaces with the other components of the device to control them all.

Communication using the embodiment of the invention will now be described.
The communication scheme of the invention uses time divisional multiple
access (TDMA) in a multi-user environment to allow any user to seize a

25 required bandwidth on demand (if available) in a communication channel and



A feature of the described enbodi nent of the invention is that any user
transmtting over the net to other nenbers of the group selects one or nore

lo tinme slots in each TDMtime-frame and transmts in the s j | ot (s)
each fram¥O {424 tlher users wish to transnit, they sel ect di?ﬁ?é%ﬁﬁﬁused
time slots. This technique requires all the nmenbers of the group to be

synchrondezgd 18 §ABrmafioR J@'\&éua nBatkéBewithhar @ed g%agﬁ/e&@drets?chﬁrwes

which can be used to 15 effect synchronization as f

Synchr onldgﬁé%%babl@g%et%glrﬁk_{pgg}t%c' 7 Ih&gl isystem (GPS). The signal

transmi t% es a rre signal and 20

synchroni zati on can be achieved by aligning the tinme-frane boundary with
the GPS time-base. To achieve this, the TDMtinme-frame needs to be so
chosen that the GPS tinme-base is an integral nultiple of the TDMtinme
franme durhgiermmupication greyrr¢ady RevpfiRclikaly, oévaeny sisembui alk idntheevice is
provided with GPS receiver 130 and can synchroni ze i ndependently to the
GPS t5i nepdrtisipasts shatld2bet WhifiDiViet iradiof coverage sarebeobwthers. syihehaoed zat i on.
This is illustrated in Fig. WO 01/52461 12 PCT/ SGJ /00004 11 which shows

t wo Comwmméblawnéigvmmeét uderbéd estnibdanstehafibne rgdfp-neecei ver 130 in each
device 1 i ndependently receive a tinme base signal 3 froma GPS

satellite. Using this signal, the burst nodel controller 110 in each
device 1, 2 align the TDM time frame of each device with reference to the

GPS 5 t| b se. r ti. fra Qnuni_cati on
devi ces rgl I g%% gﬁﬁérﬁ) nbtﬂc%z erﬁg Eﬁq% ﬁ'ﬂ??rg&n bﬂﬁtﬁngmuf% wth
each other at._  the fr n({J sI ot bou dary (?_' vel .

transmitting over t e net to other mem ers of the group selects one or more

10 time slots in each TDM time-frame and transmits in the same time slot(s) each

frame. If other users wish to transmit, they select different unused time slots.

This technique requires all the members of the group to be synchronized to the
same TDM time frame. There are several techniques which can be used to

15 effect synchronization as follows:
1) Synchronization using the global positioning system (GPS).

The signal transmitted by a GPS satellite includes a time signal and
20  synchronization can be achieved by aligning the time-frame boundary with the
GPS time-base. To achieve this, the TDM time-frame needs to be so chosen
that the GPS time-base is an integral multiple of the TDM time frame duration.
In the preferred embodiment, every communication device is provided with GPS
receiver 130 and can synchronize independently to the GPS time-base so that

25 the TDM time frame also become in synchronization. This is illustrated in Fig.



2) Synchroni zation using a beacon transm ssion. 10 A second preferred way
of synchronization is to use a beacon transm ssion. One of the connection

devi ces iW&&Pﬁszﬁﬁdi o-net transmts a beacon on a tine slot PB{J@SOIG;%%M TDM
time-frane. I'S beacon is then receixed by other connection evices in

the radi o-net and allows themto synchronize with the sender. The 15

connect 10N gy CshRN dvBdcoMenlnfestih deatedl 95boBdNEESndO. benRegBENeNt but
can be chosen in any way, for exanple by rotation anongst the nenbers of

the Of %ReivBPASENInl LA0E Hevke®t, 2\AHEBohdeY fodSRdl of fineSKALHI AN Fa4 | on

pur poses does not carry user in n €s not iel d,

X-field and Z.field, i t . ket. ex | e shown ,in Fig. 10. 3

synchr or[¥8t 8‘{? %aaheélﬂg. E\gﬂﬁﬁﬁgﬁ %H"S‘?%@“{ ?t}r@QSﬁQ%O%?Rﬁeé 16@a%‘o‘?r30h

transm ssion. 25 WO 01/ 52461 PCT/ SGO /00004 13 Synchroni zati on can be

achi eved@yce bnBiakigRghe 10DM e ame &f each devigeswith seferenge ta the GRS s in
the radi o-net need not have GPS receivers to get the tinme-base reference
as i (tmalbase. ars il twndringathe HOMitimee fraameof comenwsycatiomodéviess ip  t he
GPS signal. This kind of synchronization has the advantage that it allows 5

two i ndepaligesd anedhendeettieseobbeormutindiréotlyssyradhromizéedvitd ebbBR RS bt e
base. This will allow inter-radi o-net conmuni cati on since both radi o-nets

are in the frame and slot boundary level.

2) Synchronization using a beacon transmission.
10
A second preferred way of synchronization is to use a beacon transmission.
One of the connection devices in the radio-net transmits a beacon on a time slot
once every TDM time-frame. This beacon is then received by other connection
devices in the radio-net and allows them to synchronize with the sender. The
15 connection device sending the beacon transmission need not be permanent but

can be chosen in any way, for example by rotation amongst the members of the

group.

Beacon transmission, which is only used for synchronization purposes does not
20  carry user information and does not have B-field, X-field and Z-field in the

packet example shown in Fig. 10.

3) Synchronization using a combination of GPS time-base and a beacon
transmission.

25



synchroni zation with the GPS time base. 4) Synchronization based on the
first information transm ssion channel. 10 Synchronization within the
radi o-net can be achieved by using the first RF transm ssign for

informati SfP ¥¥A% er. When there is ngsinformati on exchangelCTEPYEI%he
radi o net Is quiet), there is no RF transm ssion and all the nenbers of

the net blz'%‘ﬁo LaniE mava&fbﬁﬁﬁmg@o@g%n@ tab%%t%nstﬁf%réa%

transm t or I’TB. I on, I's part cast ynchronl zat’l on

I nformat i 0 nf o rratlon akesth

r ef erenc%'Pﬂﬁl ?6’?1 }}eaf"i‘%ﬂ ne\}\nnteﬁ H]eavlea@%§t F?ecte'vc,eéﬁ 3& g%"dglﬁ?gum ng
the first RF transm ssion for |nforrrat|on transfer. V\hen there is no

i nf or mat iederesketriifed,) anpuPANdalse FOWs NgHLRE JABA tafe nchronizedider s of
the net may not be in_synchronization. 20 Wen the first party starts to

t r ansni tthenB&Sraigneh, Tihks kindaeh yynahronipaticn bastthe advantage thadrii atiowsn

i nformation (on the A-field of the tinme slot of the packet of Fig. 10) and
t he usertwafreiepehident eadio-netsltobé onutubly Byhcelodizeld tohthet GPE-tihetbade. t he
packet of Fig. 10). Al communication devices of the net which,

peri odi cohisy wis Callbvh AhtetPAdiEnét *BATFISIESTbn VaIHES $¢tﬂdrémb§1étér§ﬁe in
I nformation transm ssion, get 25 synchronized with the first ormation

t ransm Sf?%’ﬁ‘ﬂk@ﬁ&gg%@U@‘ﬁ%‘%g@’i’\sg“ﬁﬁ?% WO 01/52461 14 PCT/ SGO / 00004

i nf or mat arri and then start to receive the user
information (e.g. audio). Even if the user information is not addressed to
any of the nenbers in the radio-net, the nenbers can still get

synchroni zed with the information transnission channel (using A-field
i nf or mat #bnPyREhrapizatipe baised @f the first information transmission channel.

10
Synchronization within the radio-net can be achieved by using the first RF
transmission for information transfer. When there is no information exchanged
(i.e. the radio net is quiet), there is no RF transmission and all the members of
the net may not be in synchronization. When the first party starts to transmit

15 information, this party will broadcast synchronization information on the
information channel and takes that as the timing reference. Synchronization
within the radio-net can be achieved by using the first RF transmission for
information transfer. When there is no information exchanged, there is no RF
transmission and all the members of the net may not be in synchronization.

20  When the first party starts to transmit information, this party will broadcast both
synchronization information (on the A-field of the time slot of the packet of Fig.
10) and the user information e.g. audio (on the B-field of the time-slot of the
packet of Fig. 10). All communication devices of the net which, periodically
scan for any RF transmission, would find this first information transmission, get

25 synchronized with the first information transmission using the synchronization



5 the user information e.g. audio (in the B-field). For connection oriented
information transm ssion between two parties (e.g. file transfer) which
requi res handshaki ng between the two parties, the first party would
transmt OWPYI/FH6! synchroni zati on i nformati on and ot her rel @CAHG01/80004
information in the A-field for a period of tinme (e.g. about 10 seconds)

| ong__ enpiaatiBh (cARieRISY BRORSIIS) S5 TSR Re ivg\'}geﬁggﬁfﬁﬁﬁ%%for the

handshake. ter handshaki ng,” a point to poin _ d be

est abl i shed f.are i pf.ormat | on .exchange, ring the informatjon
exchange(,e'g'a$$d§§'heFQ§BnﬂgéB§ F%ért Mgﬁﬁﬁlg?ﬁﬁtr%}oﬁg%eﬁﬁdttﬁeaf‘Vr%gt ﬂb%r ty
which started 15 %Ireans ission as the timng reference and get synchroni zed
with t hdPemPersyfc oFﬁfg1 ﬂ%n“{?a@é%méﬁr% genf shils get syRshiosizash withd the
subsequently using master handover mechanism 20 Here the synchronization
starts vinfdimationf iragsmissiasy eaanmel {using Wi-Beldoimformadion) whighoutt teeewving no RF
transm ssion, and if a party-1 decides to transmt information, the party
occupi eshenskemiferrBlibrs eal. audite (e ik Bgfield).t he i nformati on type) and
transmts its information. Party-1 sets itself as 'master (timng master)
and all other nenbers in the net are slaves. Al the slave units take the
master's 25 transmssion as a timng reference. The master w ||

peri odi st 4 PG iegation
i nfor naf[?é)ﬂncy?ériléac{ﬂ%g] é&'%rﬁ%lj W"P’f‘ég%? E'Jearn%vﬁ\nﬂgﬁgﬁs%ga‘/ {Q’ n&g&%%ﬁg%%g _f|1e audi o,
vi deo or, both). Later, when a cond part arty-2 ecides to join in the
i nfor mattﬁﬂ?feé \gb@haﬁg]r%&@ﬂ%&*yﬁ&%ﬂ%’e%&%B‘éootﬁ%rﬂgﬁ, 8ris a"i unused
TDM ti ne-slots i o . .
would transmit only the synchronization information and other relevant
10 information in the A-field for a period of time (e.g. about 10 seconds) long
enough for the addressee to get synchronized and to get ready for the
handshake. After the handshaking, a point to point two way link would be
established before the information exchange. During the information exchange,

all other members in the radio-net would use the first party which started

15 transmission as the timing reference and get synchronized with that.

5) Synchronization based on the first transmission and subsequently using

master handover mechanism.

20 Here the synchronization starts with the first information transmission. i.e., when
there is no RF transmission, and if a party-1 decides to transmit information, the
party occupies one/more TDM slots (depending on the information type) and
transmits its information. Party-1 sets itself as 'master' (timing master) and all
other members in the net are slaves. All the slave units take the master's

25  transmission as a timing reference. The master will periodically transmit the



to transmt its information. Now, party-1 can receive party-2's information
and vice-versa. Party-1is 'master'. Al 'slaves' which also transmt
informatiq &Prhy-Z in this case) are called '"active-slaves'._ A t her
menber s in‘g?fq 52‘3 i 0- net who receiveiall information transrﬁcgéﬁdg)\ﬁ)o?@f‘ bot h
party-1 and party-2 in this 1o case) but have no information transm ssion

fromthegg;dmaqrr@niﬁaii&@ﬂquﬁﬁéﬁdﬁ/an tﬁéf’ﬂiﬁél'd),%lbiteﬂ{étrtvﬁ% Egmrﬁ%ﬁ:ﬁ’étio%nﬁ. en the

"mast er' ecides to end its transm ssi on, ransmts its inte ‘On for a

specifie ri i (e.g., for 10 TDMtinme- 15 franmes) together with a
rel ease %%@ﬁt{!@g\?ﬁrr#%@gr. Based on the priority level, one of the '"active
sl aves' when receiving this indication fromthe master, changes itself
(takes over) as 'master' and continues its service after the original
‘master' stops its transmssion. Al the 'passive slaves' will now switch
their tiketereMdi®hce $880NHe PREY (Raftr) . dagides pioodeiss in sthealinformatian er
handover. 20 There may be nore than one 'active slave' available at the

ti me sf deidoger; thepartgrewill obcupygbestorpnoe of thenuhlisédAREN ¢imeasididie new
master. The priority levels are either set in advance before depl oynent or

based ontcsRERsMItNES infORRAETH. SNOWE party-1 Ban aeteive FdraNe'sWRksHhdtdnngxd in the
chronol ogical order in terns of the position of TDMtinme-slots, wth

W
referencg LQerdle Pel§apiiomARst el ’sl%@‘ WGhind/ él%%%ﬁggﬁif%érﬂgﬁc% 16 1f

the GPS tine-base is’used in this synchronization net IS W al so
| i i,Q- i ' [ i 0- h :
2yng\rllvr Oh{ﬁzajf){-gﬂglkﬁlfsﬂgéseg%m%'llggt'éc%/e'-gla%]s}‘. }\N\%tﬁéardr'n%m eetrg in %’ee radio-
net who receive all information transmission (of both party-1 and party-2 in this

10 case) but have no information transmission from them, are called 'passive

slaves'

During the communication, when the 'master' decides to end its transmission, it
transmits its intention for a specified period of time (e.g., for 10 TDM time-
15 frames) together with a release count-down number. Based on the priority level,
one of the 'active slaves' when receiving this indication from the master,
changes itself (takes over) as 'master’ and continues its service after the
original 'master’ stops its transmission. All the 'passive slaves' will now switch
their time reference to the new 'master’. This process is called master handover.
20 There may be more than one 'active slave' available at the time of handover.
The one with highest priority will takeover as the new master. The priority levels
are either set in advance before deployment or based on some other
mechanism (e.g., the active slave which is next in the chronological order in
terms of the position of TDM time-slots, with reference to the releasing 'master').

25



the GPS tine-base. 5 6) Synchronization based on the conbination of GPS -
time base and the first information transm ssion channel. In simlar

manner to @ above, a single unit can have a GPS receiver p13T0 eé\@/ %QO“ t akes
the GPS tYR'BAYE as its timing refergnce. Wien this unit iTtends Y
transm’t information to other users as a first party, then it will act as a

bt mer Sl 6P i BadE RSl R Ut RURERIRN KA s (3B YRl A

ot her ers he ra i 0- ne sync ronlze
transn153|on

me ba This GP
synchr ot EAIREIe- G sStmmttathne 2t Hdio-nas e Poa B B R F o
radi o-nets. 15 There are two options (A & B) when the GPS signal is |ost:
A. Partyh qq%lﬂéﬂ‘ﬁha%ea GPS receiver 130 built-in), transmits its first
information transfer. The party-1's TDMtineframe will be in sync with the
GPS tinme base. 20 Al other nenmbers in the radio-net then get synchronized
wth party-1's first information transfer. Party-2 joins in the

i nf o5 Matg)o8yAcABAIEatiahi bzseborotheumbination b GPS Litkns bate adidftherfest from
that of the Party-1's. Al but party-1 take party-1's transm ssion as 25

tinme ref,/e(fb%%gom,taq,lgm@&bﬁ\Chgﬁﬁelsynchr oni zed with GPS. WO 01/52461 17
PCT/SGOi 00004 During this tinme, if party-1 loses its GPS signal for any

reason, it will continue to function as per nornmal, but the drift
correction with reference to GPS could not be done. To manage this kind of

. . | wh
situat it s\{\rlre\haf manﬁgr & abovesaI gsmgle unit can have a GPS receiver 130 which

takes the GPS time-base as its timing reference. When this unit intends to
10 transmit information to other users as a first party, then it will act as a timing
'master’ the timing of which is synchronized with GPS signal. All other members
in the radio-net will get synchronized with this first transmission which in turn is
in sync with GPS time-base. This GPS synchronization will allow inter radio-net
communication between two radio-nets.
15

There are two options (A & B) when the GPS signal is lost:

A. Party 1 (which has a GPS receiver 130 built-in), transmits its first information
transfer. The party-1's TDM timeframe will be in sync with the GPS time base.
20  All other members in the radio-net then get synchronized with party-1’s first

information transfer.

Party-2 joins in the information communication by occupying another time-slot
different from that of the Party-1’s. All but party-1 take party-1’s transmission as

25 time reference which is in turn synchronized with GPS.



5 available, party-1's mcro-controller-160 and the BMC 110 | earn the
internal crystal oscillator (internal time-base) drift characteristics
with reference to the GPS tine-base. The studied infornation i3 rlzed
by the mi YOKTHholler. When the GPS tine-base is |ost duE“TS ol fighoa

reason, the mcro-controller will continue to correct the |ocal tine-base
using the learnt information as though 1o the GPS tine-base is avail abl e.
This kind of pseudo drift correction will keep the synchronization wth

referen S . e en it .is absent for. fficiently
| ong per Bﬂn%ﬁh'g t'ﬁe ' bgﬁ%ga}&g ﬁgw Sjanal frams reasegy i Wil gonﬁgy%g@ drift
from GPS tine-base does ot go beyond an acceptable limt, then the whole
radi o- ndUNGHPN SRR '?RIE‘ ?\? %@C§Vﬁ€@'ﬁfbm'tf‘a&eif@ﬁ”09@ GPSteruldpst 15
signal is absent for too Iong, then the actual drift may be too |ong, then
the radd@-dane wibl meoegBethis kipe cofwisithatizrs wellit wakeh thee GR&bsigsahlie
synchronized wthin the radio-net for intra-net comrunication. B.

Synchr onavadidble)f panpt iso mice-cattoliend@dl gnd ather BMC ar1Q (ani theemitaing) 20
supplied in the A-field of the data packet. Wen the GPS signal is |ost,

the appaér?‘stéﬁ? wctlllatw{#tekml atﬁﬁ@rué%@o;@rm &ﬁbr@@iér%ﬂcs (iih ?&%Y&Tcel B G s case,

communi cation within the radi o-net wll not eafecte I nter
PCT/ Se0LPbOOTTE S Eﬁetﬁ?‘?a@ﬁﬁgﬁﬁﬁsﬁ'ﬁﬂl@ RS b B ¥‘ﬁ W bcent
o 575 IRORRS R, DR B ok ol aRod o HELESR o T o
suttabl ecgnl{}ntu%ntoogo;rggt tﬁ%ylo%gldtirzn%(?bgée tugiengutsheer learnt information as though
10 the GPS time-base is available. This kind of pseudo drift correction will keep
the synchronization with reference to the GPS time-base even when it is absent
for a sufficiently long period of time. If the GPS signal re-appears before the
actual drift from GPS time-base does not go beyond an acceptable limit, then
the whole radio-net will continue to have GPS synchronization, but if the GPS
15 signal is absent for too long, then the actual drift may be too long, then the

radio-net will not be in sync with GPS, but all the members are synchronized

within the radio-net for intra-net communication.

B. Synchronized information is continuously (at regular time intervals)

20 supplied in the A-field of the data packet.

When the GPS signal is lost, the apparatus will work in accordance with Option
(4) above. In this case, communication within the radio-net will not be affected.

Only inter radio-net communication between two radio-nets would not be



interface or by a voice command. An address (or group of designated
addresses) to receive the signal may al so be specified at this tine.

Al ternati {% /§}4? s may be pre-set in advance. The m cro-cog%&éagfog&ogo

t hen |nst ansce| ver 100 to scas the allocated frequ ee if
there is any 1o free bandwdth. If there is, the transceiver 100 starts

transni tbbwbnen.f%ép%% frick intdyMRnRdrREatdMRALRL BbYeltOof BEFE Yo B8k2qp t he

time slot. Once a |1 nk has been established, the |n?ormat|on 'S

transmt ‘ﬁ‘?!rf ppropriate source (Vi deo canera 220, DTE or
mcropho% 18& vf QS e appropriate processing blocks, to the burst node

controller 110 which buffers the signal and sends this in packets 15 in the
designated tinme slot to the RF transceiver 100 to the designated address

or group of addresses for transm ssion. The other communication devices in
t he radi ¥han asesar inleadstedirmepit, %\@ri:@amquhqno@wm@ i§ ectuated at the
transm ssions in the air under the control of mcro- 20 controller 160. On
det ect i ngser intarigee $i pressinge aasidiabis pittaceon dhe they padir26d séitbe Unert he
burst node controller 110 of the transmtting device is checked and if any

of the rgeeifateprcoyManivoiebi eonisand.es An rdidrésel(br ?rogﬁeopfdesﬁdmtbatended
addressee then the new information is received and digitally processed by

the burshyqrde 1 a n enaf i
si gnal p%gcessggpg%qgkgw(eiﬂ%)@% @g;na! omfo oeﬂ?%u?gt ﬁ?gglgﬁdspeaﬂhg 9 or in

0 s AL O b A e 50 BB 10
? gt ? hzl QR%E'FES gp%t?eé{/é a?@& ir r@%ga lgf:%fgd {rg&etnhcey t%usresé lfnlqngse (I:Sog%;ol er
10 free bandwidth. If there is, the transceiver 100 starts transmitting in a specific

time-slot immediately to thereby “seize” the time slot. Once a link has been
established, the information is transmitted from the appropriate source (video
camera 220, DTE or microphone 210) via the appropriate processing blocks, to
the burst mode controller 110 which buffers the signal and sends this in packets
15 in the designated time slot to the RF transceiver 100 to the designated address

or group of addresses for transmission.

The other communication devices in the radio-net scan the frequency
periodically looking for new transmissions in the air under the control of micro-
20 controller 160. On detecting a transmission, the address placed on the
transmission by the burst mode controller 110 of the transmitting device is
checked and if any of the receiving communication devices find itself as one of
the intended addressee then the new information is received and digitally
processed by the burst mode controller 110 and, in the case of audio, by digital

25 signal processor 120 and CODEC 190 to be output through speaker 200 or in



transfer to the DTE. 5 If another conmunication device wishes to join in
the communi cation, for exanple to have a two way di scussion with the
initiator, by a conmand to the wuser interface, either by a_buttaon being
pressed oh”?ﬁ’észﬁ@y pad 260 of the usen9 interface or by voi 88“(?8%993‘,‘ t he
m cro-controller 160 instructs the RF 1o receiver to find free bandw dth

(i.e. ungeedadd o8 vided ﬂwr_wb%;nimsphﬁz@dign:ﬁttadanélbg%f@%btﬁp%@)aﬁd‘ﬁ/[ﬁ?i ze

them These tine slots wl be different to those o the transmtter. |f

o0 L SO MBI Feiel 685 8 4 SR BT M ER diaBly | .

i nterventi on ue to so er reasonj

intentiopn to,stop_.transm sSsi b, endj Ss conveying its

 ntent i ofCEhiTGRERSt RS FO%t{@Ber %h@‘e[%%??‘é oIERRGE AN kel 1 be
transmtted together with the user information (in A-field and B-field
respect i Fan§er infhePTERe transmission is ended, this tine-slot can be used
by any other party who may wish to transmt 20 information. Another nethod
of fimding free (unused) tine-slots is by doing an RSSI (receiver signal
strength indicator) scan and finding the free slots based on the RSSI

val ues. MOaAdthe? 4cdm2UnkEtioAGaAELiRe00Ashed parjbyn irthBdcameaafitstbrof for
information transfer will not change its tine-slot until the end of the

| nf Or Mt pQimbleAShate o fwdTiayCiiaedssian Wifrf leiltichorySd Rbrittiahd o thee next

session of information trans ncrease nunber of users wshing to have
a multi- gaLt ﬁﬁtéﬁ'?ége‘?re‘ﬁﬂgpb9aéqb9f?or§?)eing pressed on the key pad 260 of the user

interface or by voice command, the micro-controller 160 instructs the RF
10  receiver to find free bandwidth (i.e. unused time slots within the allocated
frequency band) and seize them. These time slots will be different to those of

the transmitter.

If an initial transmitter decides to stop its transmission due to user intervention
15 or due to some other reason, it informs all others, its intention to stop
transmission by sending a message conveying its intention and when it will stop
the transmission. This information will be transmitted together with the user
information (in A-field and B-field respectively). After the transmission is ended,
this time-slot can be used by any other party who may wish to transmit
20 information. Another method of finding free (unused) time-slots is by doing an
RSSI (receiver signal strength indicator) scan and finding the free slots based

on the RSSI values.



by sinply seizing available tinme slots. Point-to-point information

comuni cation is also possible by selecting the addressee individually.
This could either by connection oriented eg. for a file to_transfer or
connect i oM ®E%8i ent ed (datagran) fawo exanple as a voice CSFT/.SGH/%OL?P“ZS
12(a) - (c) are flowcharts showi ng the receive and transmt operations of

the comwaiaetyrtdmmgo@gésﬁ@m offoematien srrAster el Aat bﬁar&@?itwﬂné-ébot %ﬂﬁ as
or e

an exanple. The steps perfornmed can easily be adapte use with

other 13n8YeH1bP e HrboafitH fiafsfrsay Saaqsgaa@megéﬁtﬁfrng.swp@dr to one

skilled 1n the art. rence to Fi ustrates

communi deT5R aevteh of O eRb B 2o Stare, where (i hei ther

transmts nor receives information. In this state the said device may be
synchroni zed with the GPS timng reference if it has a GPS receiver but it
may not be in synchronization with other said devices in the radio net. At
st ep 512.l0grezset membee pbuser wishing ta bave e ondti-partyetanfeience ¢an theso

conmmruni cation device has a WD 01/52461 21 PCT/ SGJ /00004 GPS receiver 130.
| f so, thhesiowiy seizirey adElablertimesslats. step 12.03 if the device is receiving
the GPS tinme-base signal and if so, the TDM frane boundary of the burst
node controller 110 is synchronized with the GPS tine base at step 12.04.
At step 12.05, the airwaves are scanned periodically to determne if 5

there | spat.tdolt ARFRRIoN" cofvrhiificafidn iIN8IsBPRBESHIS by QaidcBhy" fiR 1O the
addressee individually. This could either by connection oriented eg. for a file

10 transfer or connectionless oriented (datagram) for example as a voice call.

Figures 12(a) — (c) are flowcharts showing the receive and transmit operations
of the communication devices, using the synchronization method (6) above as
an example. The steps performed can easily be adapted for use with the other
15 synchronization method discussed above as would be apparent to one skilled in

the art.

With reference to Fig. 12a, this illustrates an initialization and transmission
process.

20
At block 12.01, the communication device is in unsynchronized state, where it
neither transmits nor receives information. In this state the said device may be
synchronized with the GPS timing reference if it has a GPS receiver but it may
not be in synchronization with other said devices in the radio net. At step 12.02

25  the micro-controller 160 checks to determiner if the communication device has a



information transmt or receive unsynchroni zed state (step 12.01). If the
user of the device wishes to transmt, the user activates the

comuni cation deyvice for information transfer, by pressing an appropriate
button onYP&KEY pad 260, for exanphe, and the controller P%@Gt%ﬂg "% hecks
for unused tine slots in the TDVA 1o tine frame at step 12.07. If there are

ti il , h i . i~N3 i . 1 t
1o % ke focate ) o sl et a iy 72 0oY BB b e

or receive unsynchroni zed state of step

avai | abl e i j oN LSt t ) 4 i) 4t occupi ed I me

sl ot (s) %{"e}s‘}t@%k%.aﬂgg, tﬁt”ﬁée]bgg?/ié 'h%@gggs?utr%ﬁ% oM f???’?‘%ﬂ?&%‘%rﬁy torféﬁém't
state at, step_12.10 until the.transm ssion has finjshed. 15 Fig. 12b shows
st eps tatR‘érﬁ?tWO ec‘?ﬂ#‘iﬂﬁl%éﬂi of? 8&49&?;8”?2@9&”{'} n@%ﬂg$£65ﬂ?n533%iaér§éﬁp From
the no information transmt or receive unsynchronized state of step 12.01,
t he cont t30fer AttsieRulgh0% hthepainvgipe aeaseANpds Pepfodizgalys to idterminet ér ni ne a
new RF transm ssion in the air at step 12.11. Atest is then made if 20 the
GPS t3 nethieas és iapydRbittadsmissipnshape . 1 TheTapmaratiespthen wilignsper frer ned i f
the GPS receiver is included as established at step 12.02. If the GPS

si gnal iforavatidrethssmit loe récsive ahbefictiehizetisigs (step h2.019C ohBLdRF of
transm ssion is in synchronization with the GPS signal at step 12.13. If

giiher U GRcs WiBhERRS trahSmit] MALLEPLENRIted knd RBmiAEERA ORyIce Pt 11
GP er then de es

synchroni zation wth the GPS, fhe 25 contro term n

S o e LA R BT DB IR B b s
determ ngxajlrfnp}er,]%nd the controller 160 then checks for unused time slots in the TDMA
10 time frame at step 12.07. If there are no time slots available, the device returns
to the no information transmit or receive unsynchronized state of step 12.01. If
ﬁme slot(s) are available, the information is then transmitted in the unoccupied
time slot(s) at step 12.09, the device then assuming an information transmit
state at step 12.10 until the transmission has finished.
15
Fig. 12b shows steps taken by a communication device receiving an incoming
signal. From the no information transmit or receive unsynchronized state of
step 12.01, the controller, through the periodic scanning step 12.05, will
determine a new RF transmission in the air at step 12.11. A test is then made if
20 the GPS time base is available at step 12.12. This step is only performed if the
GPS receiver is included as established at step 12.02. [f the GPS signal is
available, the controller determines if the incoming RF transmission is in
synchronization with the GPS signal at step 12.13. If either the GPS time base

is unavailable or if the information is not in synchronization with the GPS, the

25 controller then determines synchronization from the information transmission



comuni cation device is an intended addressee at step 12.15 and if so, a
nmessage is received and processed at step 12.16, the device entering an
i nformation recelved stage at step 12.17 until the received t i on
has 5 fi niYA8H24¥% the device is not an intended addressee, thgﬁé @%é will
then enter into a new state, "no information transmt or receive,

synchronjzed %ew ce gézlétzzl r;ﬂfé.hgsigljr%lc i NS t;})?ss%tdegﬁ td% ihk . % the

transm tting orrrat|on transmt ate of ste

12.10), detects nsim ssi on .t ived. Thi dete ted by t he
scanni ng %mgﬂ‘rﬂ%a aﬁ?ﬂ'c8n'§eaa 'Bget i ﬁg'iesssﬁﬁd%t afeps gp% f@dlg

synchroni zation is perforned since |t i s assuned that the incom ng

t ransmi sB1&§288 'ﬁnreé:;?W&‘i’r 6RAZBIACERSAH 13 sliep 6?@@ dhs| QGY‘PQn@hﬁeﬂf‘Gda@l gnal
from that communication device. If it is determned that the comunication
devi ce i mforanation eerfiedGtras abéstep &t €p util 1oe repeivedftoamsmission basecei ved
at step 12.20 1s and the comruni cation device senses an information

t r ansym t finisHed edetheedstiat és nat astiafenti2d2dddrefséd)ethdeddviee gl tiagn antarnt ended
addressee, the device remains in the information transmt state of step

12.10. Wige atﬁtﬂN@?é'téC‘fhd idfdriatioRftearamtit OPrddednts By hcioRidRrahie, §9abe’
12.21, it may also 20 receive another infornation from other devices using

steps 12.18, 12.19, 12.20 and 12.21. Hence, in state 12.21, there nay be
mul tiple infornation recei ved fron1nu|tip|e parties. \Wen the device is in

"no info on fran t . or [ oni zed s .ate' shown
O o R 2 HRORE IR 518 1N B tRUSENSE VSIS,  1né datimation

01/ 52461 23 PCT/ SEA /00004 12.09 to reach state 12.10. The device can al so
reach st Heasmyt. state of 16QR g 10), detects a transmission to be received. This is

10 detected by the scanning step 12.05 and once a detection is made at step
12.18, no synchronization is performed since it is assumed that the incoming
transmission is in synchronization with the previously transmitted signal from
that communication device. [f it is determined that the communication device is
an intended addressee at step 12.19, the information is received at step 12.20

15 and the communication device senses an information transmit and receive state
at step 12.21. If the device is not an intended addressee, the device remains in

the information transmit state of step 12.10.

When the device is in ‘information transmit and receive state’ 12.21, it may also
20 receive another information from other devices using steps 12.18, 12.19, 12.20
and 12.21. Hence, in state 12.21, there may be multiple information received

from muitiple parties.

When the device is in ‘no information transmit or receive, synchronized state’

25 12.22 (shown in Fig. 12b), the device can follow steps 12.06, 12.07, 12.08 and



steps 12.11, 12.15 and 12.16 skipping 12.12, 12.13 and 12. 14. The vari ous
states indicating information transm ssion, or reception set flags in 5
the controller to determ ne how future inconm ng or transm’tteg i aﬁds are
processed”O8Yrt*otxanpl es of various kinds of data transfer Pé?Ts‘i({rlg) 4n
Figs. 2 - 9. 10 Fig. 2 illustrates a one party audi o broadcast with

unl i m teg dd & ?é‘%lfl"ist 8 4G, FAS fevicRecdd aRlo P@éél’?’ﬁgﬁ%a I.y_’ Egl,[lowﬁged sl ot

and transmts au ata to the other evices In

synchronj zin j t e T ke fr. ft ans noted above and
then reéd Rﬁﬁzg%hgzggaq%bgr@i%o"ﬁgqa%a@wfﬁﬂdg?ﬂl 'es are having an
audi o conference with unlimted listeners. Initially, the first party
seizes a time slot and transmts audio, together with synchronization
information (in the case of synchronization techniques 2 - 6 noted above),
t he secdhe yaiiaus slateseifdisating isleirmedoatmnsenissipneos regepdion satrflagsnint i ts
audio. The first party receives the second party audi o and the 20 second
party réeeiootrollbe tbi dsterpare yhoawduture Ahtotitey @rheanpaittd sigreteiare audi o
fromthe first and second parties together (provided the first and second
partiesprbseyseit their audio data with a "global” address. Fig. 4
illustrates three parties audio conferencing with unlimted listeners. In
25 this case, the first, second and third parties reserve three different
time slots for WD 01/52461 24 PCT/ SGOL/ 00004 transm ssion and receive the
transm ssion fromthe ot Partie

her t.wo. |, ot her, S receive the
t r ansmi S9TB% SXABI'HE" Yarols, klé\g%fgﬁlgagntaaqsﬁ?rareps&}qu%gw Fpst ﬁe_ 8’[ ransni ssi on
are gl obally addressed.
10 Fig. 2 illustrates a one party audio broadcast with unlimited listeners. In this
case, the first party seizes the shaded slot and transmits audio data to the other

devices in the radio-net synchronizing with the TDM time frame by any of the

means noted above and then receiving the audio data.

15 In Fig. 3, two parties are having an audio conference with unlimited listeners.
Initially, the first party seizes a time slot and transmits audio, together with
synchronization information (in the case of synchronization techniques 2 - 6
noted above), the second party subsequently seizes another time slot and
transmit its audio. The first party receives the second party audio and the

20 second party receives the first party audio. All the other parties receive audio
from the first and second parties together (provided the first and second parties

transmit their audio data with a “global” address.

Fig. 4 illustrates three parties audio conferencing with unlimited listeners. In

25  this case, the first, second and third parties reserve three different time slots for



5 Fig. 5illustrates a one party data broadcast with unlimted recipients.
In this case, the first party seizes the shaded tine slot and broadcast
data (e.g. . text . information and al so synchronization inforpati i f
appropri a?’véﬁqllsfﬁ% other parties syncharonize with the fi rst%ﬁ?&'g]@%m
receive the data transmssion. 1o Fig. 6 illustrates nultiple

poi Nt - t QR Esigﬁéa%sde:%m il {r s misBidnrémCRECothBREWY. Aﬁléﬁie?it%rﬁ&e

i ndi cated sl ot an nds an address packet to party toinitrate a

handsha ' cat i n j Lent mapner..wW.th party
5. par tyceeg VEE ARSI o, e ARROSehuRY, 8t AL RS hatie - Saten:
by reserving a second sl ot endi ng an address packet to initiate

handsha @Wﬁi@%ﬂﬁ@%@lﬁt#%ﬁ?? ‘A, for bi-directional comunication.
Simlarly, party C and D can separately comruni cate with each ot her using
different tine slots. Fig. 7 illustrates a video broadcast with unlimted
listeners in which party A reserves the indicated slot and transmt noving

vi deo orFigt blillugtratesra ohei party datgpbroirast withpeniimided reeibiergs. |Rathisyy A Wil |
al so, if necessary, transmt synchronization information. The other parties

synchr ondzge, e firstapdrty Aeizesrtheaiiericthemyi sl60and tGBalicast dhtd (e!d.uski ates a
mul ti-nmedia broadcast with unlimted listeners. Party A seizes ™ 25 multiple

5 ReAleh 5 80 ghich kR AToRAIRG 3P SpkieRe| 1 TRERRGL Vo VO
rocel ve RaThes b Te e A e Bsf bOTh o PSS ISP IRBRsE. decoded by
burst node controller 110 and sent to VDU 170
10  Fig. 6 illustrates multiple point-to-point data communication. In this case, party
A seizes the indicated slot and sends an address packet to party B to initiate a
handshake and then communicates in a connection oriented manner with party
B. Party B in response to the request from party A answers the data request by
reserving a second slot, sending an address packet to initiate handshake to
15 connect with party A, for bi-directional communication. Similarly, party C and D

can separately communicate with each other using different time slots.

Fig. 7 illustrates a video broadcast with unlimited listeners in which party A
reserves the indicated slot and transmit moving video or still pictures/video clips
20  with periodic refresh. Party A will also, if necessary, transmit synchronization
information. The other parties synchronize with party A to receive the video

signal.

Fig.8 illustrates a multi-media broadcast with unlimited listeners. Party A seizes

25 multiple time slots and then transmits audio and compressed video in respective



and speaker 200 as appropriate. 5 Fig. 9 illustrates the two-part

mul ti-nmedia broadcast with unlimted listeners with party Atransmtting
conpressed video and audio on the channels indicated and party B

transnitt "YYEYAYr essed video and audiye on the channels indfg-éi%éga!/ooo%rty A
can then receive the transm ssion of party B, party B can receive the to

transm ssion i an recei,ve b

transm s%b%nsﬁgggg %Pf?rgpgead)&}cﬁwﬁ%%@ﬁ Lﬂgﬁ?@'ﬂ o ﬁ@eﬁﬂﬁsi p‘ﬁt:n}eeet&e\?ed
audio signals are mxed .|ocally, by the DSP 120 of the receiving,

comuni cfg@'i%ﬁﬁ YaFhEyuze I*—’Hh‘ Rartyi ’%I% f%ﬁeaf@o?h% 8HYIA 858 FRMPRassed; \jdaPs are
separately processed by DSP 120 for side- 15 by-side display on VDU 170.
The enbo@ qrmﬁthnb\ybwhbéalepgd%bymrﬁeﬂ@@iﬂwntr@éerayO andl sent eV Dbl 7@xanpl e,
al t hough one slot is reserved in the described enbodi nent per transmtting
user f oand spagkes2ibas appwomiatgpe of information, the bandwi dth can
effectively be 20 increased by reserving nore than one slot and
transgritting information in parallel. Furthernore, although all the
comuni cati on devices for exanple shown in Fig. 1 have been indicated as

bei ng thﬁ@f%”iﬁw&é@%&hé%&%whhﬁh rom%ﬁthq}nrlli fed @sﬂ%ﬁé&%itﬂ“ y

only wis recelive I nfor on and not transmt | | ) sorr;e of the
i ' ' . Vi : ' 25 . 01/,52461
26 pCT) SOty Qo g REmbR SPGB i B bR SabReR oAl b ar a1y

of nobile " . ,
party B transmitting compressed video and audio on the channels indicated.

Party A can then receive the transmission of party B, party B can receive the

10 transmission of party A and all other parties can receive both transmissions.

For multiple audio transmissions, the multiple received audio signals are mixed
locally by the DSP 120 of the receiving communication devices. For multiple
video transmissions, the signals are separately processed by DSP 120 for side-

15 by-side display on VDU 170.

The embodiment described is not to be construed as limitative. For example,
although one slot is reserved in the described embodiment per transmitting user
for transmission of one type of information, the bandwidth can effectively be
20 increased by reserving more than one slot and transmitting information in
parallel. Furthermore, although all the communication devices for example
shown in Fig. 1 have been indicated as being the same, if it is known that some
members of the radio-net will only wish to receive information and not transmit
information, some of the communication devices can have a receiving function

25 only.



communi cati on devices arranged for peer-to-peer comrunication using 5
TDMA, the arrangenent being such that a said device wishing to transmt

uses a ti t jn each TDVA tine-frame used for transm ssi i me
slot in egiﬂﬂ/gzé‘ bei ng the same and2sherein the comuni czt(:iqé%r(l;gyg@qoées

i nclude neans for synchronization to the sanme TDVA tinme frane using a
synchronggaiien signal, the synchronization 10 signal being transmtted by
a said communication device or a GPS satellite. 2. Apparatus as clained in
claiml wherein if nore than one said device wshes to transmt, the
devices use different tinme slots. 15 3. Apparatus as clainmed in claim1 or
claim?2 ereipn a said,.device wishing to transmt uses.nore.than gne tine
slot in chh %WFPW@F?? anﬁpagﬁagusf o PTPRREE s onP Ufzﬁgy us8h tri“ﬁ’Pﬁ§l ots in
each frane being the sanme. 20 4. Apparatus as clainmed in any one of the
precedi ng cl aFA@MiEsalon druices \aTEHIARd oft Pei-tReal cummunication «eg
receiver provided in each device, the TDMtine-frane being synchronized to
the GPS ref er A, ttheratyaggemant 0ing 481chPATAIS@OISalD Ofevice? iBhingppar at us
as claimed in any one of clains 1 to 3 wherein one said comunication

devi ce broadc@ahsmit hesesom t tiasnsletsi N davh TRMAr €iezibimen.used for

transmission, the time slot in each frame being the same and wherein the
communication devices include means for synchronization to the same
TDMA time frame using a synchronization signal, the synchronization
10 signal being transmitted by a said communication device or a GPS

satellite.

2. Apparatus as claimed in claim 1 wherein if more than one said device

wishes to transmit, the devices use different time slots.

15
3. Apparatus as claimed in claim 1 or claim 2 wherein a said device wishing
to transmit uses more than one time slot in each TDMA time-frame used
for transmission, the used time slots in each frame being the same.
20 4. Apparatus as claimed in any one of the preceding claims wherein the

synchronization means comprises a GPS receiver provided in each
device, the TDM time-frame being synchronized to the GPS reference

fime base.



5 6. Apparatus as clainmed in any one of clains 1 to 3 wherein the beacon
transmtting device includes a GPS receiver, the beacon being synchronized
to the GPS ref erence tinme base. 7. Apparatus as clainmed in

claims 1 YO ein synchroni zation 2710 information is pr o@%@g&%ot%{%
transmtted nessage sent froma said comunication device, the other
COMUN G4 OASHEARS 2Bl S oRKNGNERRNEDH | 873! HhBIIRIAN LI the
nmessage. aratus as c al nmed aim?7, erernt ransm t

nmessage |s 1s sent.fr m t rs ication device to transm.t

i nf or mati on quramdlmc&tlg r aagwcﬁet E)m?%mér\g%ar & uDeaL0Y ARSI aift 7 or
claim8 wherein the transmtting comunication device includes a GPS
recei ver and YMENEMHERMBhi zation 20 information is synchronized with the
GPS reference tine base. 10. Apparatus as clainmed in claim9 wherein, when
the communication device transmtting the transmtted nessage ends its
transm ssion, synchronization information is provided with a transmtted
message gent ApSaratusraarsiinesd saiady aotarohiclans oh tol e intereiMhe 1h Sacil

PCT/ SGO /00004 28 11. Apparatus as claimed in any one of the precedi ng

clai ms wher eia @it GOMBYNIKAdED de\Gps qeeawefsesh@ b%%@br‘{e'bel TDMVA
burst node controller arranged to decode received TDVA signals and signal

5 processing (EARSALLARIRE ER PR R AHMOBLIL!

7. Apparatus as claimed in any one of claims 1 - 3 wherein synchronization
10 information is provided with a transmitted message sent from a said
communication device, the other communication devices obtaining the

synchronization information from the message.

8. Apparatus as claimed in claim 7, wherein the transmitted message is

15 sent from the first communication device to transmit information in a quiet
radio net.

9. Apparatus as claimed in claim 7 or claim 8 wherein the transmitting

communication device includes a GPS receiver and the synchronization

20 information is synchronized with the GPS reference time base.

10. Apparatus as claimed in claim 9 wherein, when the communication
device transmitting the transmitted message ends its transmission,
synchronization information is provided with a transmitted message sent

25 from another said communication device.



12. Apparatus as clained in claim1l wherein the conmuni cati on device
further conprises a transmtter, the burst node controller further being
arranged &R) e an input signal for output in the reserv gr j 10
slot for réﬁgﬁggsion by the transm tiger. 13. Cbnnunicationg Hp ré(%gpgs
claimed in any one of the preceding clains wherein each communi cation

devi ce includes neans for |ocal processing of nultiple received signals
from ot her comruni cati on devices. 15 14. Apparatus as clained in claim 13

audi o i el XPRS e A FTRER o HIEPHEET F Bl B i laei ol

sai d processing 20 .neans jncludes neans for separate processing and

di spl ay recei$damuy '(S’nsid&?féﬂe. CPENPT§5Sa@atTREEHSN c Pai RMAT busstaimede. or
claim 12 wherein transmtted or received signals are selected from audio,
vi deo or dat acaitelier saganged 28 cépandeatriesaivetdeTédA \agreals 5ané 1 simal

PCT/ SGO / 00004 17. A communi cation device as clainmed in claim1l or claim
12 fuyrther coprocessing meamsafrangsy tepravide an@utinet. bur st node controller to
the TDVA time frame. 5 18. The conmuni cation devi ce of the apparatus of
any one of the preceding clains.

12.  Apparatus as claimed in claim 11 wherein the communication device
further comprises a transmitter, the burst mode controller further being
arranged to encode an input signal for output in the reserved TDMA time

10 slot for transmission by the transmitter.

13. Communication apparatus as claimed in any one of the preceding claims
wherein each communication device includes means for local processing

of multiple received signals from other communication devices.

15
14. Apparatus as claimed in claim 13 wherein said processing means
comprises means for local mixing received audio signals.
15.  Apparatus as claimed in claim 13 or claim 14 wherein said processing
20 means includes means for separate processing and display received

video signal.

16. Apparatus as claimed in claim 11 or claim 12 wherein transmitted or
received signals are selected from audio, video or data signals or a

25 combination thereof.



19. A nobil e communi cation device conprising a transmtter, a TDVA b
10 node controller and signal processing neans, the arrangenent bein
that an in
digitally
controller encodes the processed signal for transm ssion by the

transmtter
transm ssi on,
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TDVA burst node controller and signal processing neans, the arrange

bei ng such thRMA li@edig®e. node control | er decodes TDMA signal s received by

t he receiver

inatin slot in each TDVA tine frane used for 25

transm ssion of the received signal, the tine slot in each frame bei
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19.

20.

by a 5 said conmunication device or a GPS satellit

A mobile communication device comprising a transmitter, a TDMA burst
mode controller and signal processing means, the arrangement being
such that an input signal to be transmitted by the communication device
is digitally processed by the signal processing means and the burst mode
controller encodes the processed signal for transmission by the
transmitter in a TDMA time slot in each TDMA time frame used for
transmission, the time slot in each frame being the same and means for
synchronization of the communication device to the same TDMA time
frame as other mobile communication devices in the same net, the
synchronization signal being transmitted by a said communication device

or a GPS satellite.

A mobile communication device comprising a receiver, a TDMA burst
mode controller and signal processing means, the arrangement being
such that the burst mode controller decodes TDMA signals received by
the receiver in a time slot in each TDMA time frame used for

transmission of the received signal, the time slot in each frame being the

ng the

f the
si gnal
e.



21. A device as clained in claim20 wherein the synchronization signal is
I ncluded in the received signal.

WO 01/52461 10 PCT/SG01/00004

same and the signal processing means processes the decoded signals
to provide an output and means for synchronization to the same TDMA
time frame used for transmission of the received signal using a
synchronization signal, the synchronization signal being transmitted by a

5 said communication device or a GPS satellite.

21. A device as claimed in claim 20 wherein the synchronization signal is

included in the received signal.



