'FACSI M LE- TO- CELLULAR TELEPHONE SYSTEM | NTERFACE Background to the
Invention 5 This invention relates to interfaces between-baesanrtlz aaehi nes
and cellul ar tel ephone systens (including bogh cellular subscriber
termnal's and the fixed part of the system such_gs the nobile switching
centre and the interworking function). The cell uiar 1 0 radio tel ephone
system coul d for exanple be GSM The intention is to include telefax
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probl em comes fromth H) whi ¢ch 1's used by t group 3 facsi
machi nes for &9&“%?*?& YnﬁM ®nides rRPALPMES-ansni ssi on of

docunents. This exchange of |nforrrat|on has the formof a series of
commands and r, SRASES 0§5 s Ahinary coded signals, which each can
have a durati gm0t up +0 y 1.3 seconds. The.conmands and
responsesl Bonsist of two parts: a.'preamble' which is defined as one second

?;cgi fn Pleg' al bit pagkMNréComMEHdNTos €03 5 PAARMEs Rk qEEnARG ¥€alization
of an interface for using a group 3 facsimile machine, constructed
according to the CCITT T.4 and T.30 recommendations. The cellular
telephone network architecture of such an arrangement with

20 facsimile machines connected is shown in Figure 1. In that figure,
there is shown a first facsimile machine 10 connected to a public
telephone network 11, in turn connected to an inter-working
function (IWF) 12 of a cellular radio system. The IWF is associated
with a base station and mobile switching centre 13, which in tumn is

25 in radio communication with a mobile station 14. The mobile station
14 has an interface 15 to which a second facsimile machine 16 is
connected. .

The GSM 03.45 recommendation has a number of technical
problems briefly described in GSM documents: 203/90. 213/90.

30 222/90 and 223/90.

One serious problem comes from the T.30 protocol which is
used by two group 3 facsimile machines for exchanging information
necessary for transmission of documents. This exchange of
information has the form of a series of commands and responses

35 sent as binary coded signals, which each can have a duration of up
to approximately 1.3 seconds. The commands and responses consist
of two parts: a.'preamble’ which is defined as one second of a special
bit pattern to synchronize the protocol between the two facsimile




2°machines; and at the end a so called."HDLC frane' containing the actual
command or response (duration: approximtely 0.3 seconds). The preanble is
defined in T.30 section 5.3.1 to last for 2 second [err] 15% In T.30
section 5.3.5 it is stated that the preanble 5 should be used prior to the
first frame and that subsequent franes need o one flag sequence (lasting
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stable. See Fglﬂ'e a 3s1tuat10n is shown where two facsimile machines are
communicating over the public service telephone network without
any delay. A command is being sent from the facsimile machine,
20 which originated the call (the "calling fax"), and the command is
received by the facsimile machine which was called (the "called
fax"). The called fax answers the command with the response after
a short delay (estimated to around 250 ms). The time in which the
3 second timer is running is marked as 'T'. In this case when ‘the
( 25 preamble is included in both command and response T is less than -
N 1.5 seconds and the time will not expire.

The GSM environment introduces command/response delays
of more than 3 seconds, which causes the above mentioned timeout
to happen whenever a command/response sequence. including full

30 preamble is sent. The command is then repeated at the same time
as the response is coming from the receiving end. This causes

further delay and makes the communication less stable. See Figure
3.

. Another serious problem comes from another timeout .
35 specified in the T.30 recommendation. This occurs when one of the
facsimile machines is waiting for a command to arrive, when the
protocol is established. :
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Anot her "serious problem cones from another tineout 35  specified in the
T.30 recomendati on. This occurs when one of the facsimle nmachines is
waiting for a command to arrive, when the protocol is established. 3 If
no comrand has been received in 6 + 1 seconds (T.30 section 5.4.3.1 tine
T2), the protocol will be restarted. A delay of 6 seconds.in the GSM .
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time'lQor recel pt of 'a response to the said radi o comunication. The

signal seRrg.ta ed‘fa rrﬂﬁne' i ne on receipt of the conmand fromthe

facsim | e mac C d repeat signal for .causing the facsimle
“machi ne to repeat its command. 25 The facsimle-radio interface .
nmeans may be thRcédidihg Wt?cskthw ramtu Qﬁvéanaﬁd thege i%t fptrbvfdéwbl le o/

switching centre,13, of

ht 1 act 1 gcoRMBRRiGAtoRs apbaraces, daro fabStulle  Poptalniaic (Over, &, Tadie;
Fi gurie51 (inkg coneprisingy facsimiledradio mlterface) mealns farra-qmemvmgoaa appli es,

I rrespect lpe AantdN AR 4 tfaés"inhi@ machine having a time-out timer and
initiating a radio’ commumcatlon in response ‘to the- command
characterised by means for automatlcally sendmg a signal to reset
the timer of the facs1m11e machine on recelpt of ‘the- command from

20 the facsimile machlne, SO as to allow tlme for recelpt of a response to
the sald ‘radio commumcatlon : S ' '

The signal sent to the facsimile machme on recelpt of the °
‘command from the facsimile machme may ‘be.a command repeat
signal for causing the facsnmle machme to repeat its command. _

25 “The facs1m11e-rad10 mterface means may be the mter-workmg \J :
function 12 and base statlonlmoblle sw1tch1ng centre 13 of Figure 1 '
(i.e. residing in the system - mfrastructure), or it may be the mobile
station 14 and mterface 15 of Flgure 1 (i.e. residing in a “subscriber
unit). The same pnnc1pa1 apphes, mespectlve of ‘whether it is the

30 facsimile machine 10 that initiates the facs1m11e machine :
communication or- the facs1m11e machme 16.

The inter-working functlon 12 or the interface 15 respectlvely |
automatically generates "CRP" response whlch is a “"command" repeat
instruction defined in T.30 (section 5.3. 6.1 .8 part 2). All telefax

35 machines confornung to the T.30 recommendatlon must support a -

' CRP response. Accordmgly, this 1nventlon takes advantage of this
universal facility in telefax machines of different .manufacturers. to
provide a simple and effective way of causing the facsimile machine



30 facsinile machine 10 t hat i ni t'|..a_e_;, : h-e facsi'ni | e machi [ conmuni cat i on
‘or the facsimle machine 16. The inter- vvorkl ng function 12 -of .t he |nterface
15 respectively automatically generates "4RP" response which i's a "command"
repeat instruction defined in T.30 (section 5.3.6.1.8 part 2). Al telefax
3 5 machines conformng to the T.30 recommendation nust support a CRP
response€, Apmoretseyliys timmeoutntimersorwhiliethednecessgey ocommunigationssal
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from expiring.
The interface means may. be arranged to recogmse a repeated
~ command from the facsimile machine and send a single further
20 command repeat signal to the facsimile machine on receipt thereof.
This allows for longer delays in the fax-GSM-fax communication, by
sending one more CRPs to keep the communication alive.
Preferably no more than two CRP's are used in sequence,.
because the maximum number of unsuccessful attempts to send a
25 given command is specified as 3 times in T.30 section 5.4.2.

Brie ipti t rawi

- Figure 1 shows a block diagram of a cellular telephone
30 network architecture with facsimile machines (hereafter simply
“fax" machine) connected in accordance with the prior art and the
invention; '
Figure 2 shows a "normal" communication where two fax
machines are communicating over the public services telephone
35 network without any delay, in accordance with the prior art;
| Figure 3 shows a command-response sequence diagram .in a
,GSM environment using the CRP response of the invention; and



because the maxi num nunber of unsuccessful attenpts to send a 25 given
command is specified as 3 tines in T.30 section 5.4.2. Brief Description of
the Drawi ngs Figure 1 shows a bl ock.di ?ram of a cellular tel ephone 3 0.
network architecture with facsimle machines (hereafter sinply "fax"

machi ne) connected in accordance with the prior art and the invention;

Figure 2 showspg raoanﬂluowso ieat raﬁ-esmqakveoﬁﬁﬂummdwslxﬁrv@mo

comuni ca |n o he public rvr.ces phon net rk W - out ny '
del ay, i gaings; 4re RegRUIn &r 3t€h5§% @fsponse
sequence tﬁeadbéﬁmehtap@ﬁb‘s eand rimmehiclustheg inventidiP iseampiemeﬂtedhe

invention; and 5 Figure 4 shows a-typical fax-GSM fax conmunication, in

whi ch the fax machr nes are negotratr ng . vvhrch speed to use for transfer of
Betailed dDestription v\ et [Rrefexredt Embodimept enented. 5 Detail ed
Destription of t he- Preferred Enbodr ment Referrrng to Fi gure 3, the

situation is illustrated where two fax, machi nes cating ip the
GSM envi r onmeRefergimg: toi F lm,a@%éﬂﬁansdi{ téﬁmvw!hem&m t%ér ki ng
fU”Ct'On)mﬁéﬂﬁﬁ%tﬁi’elc&mﬁlﬁubhﬁngumlﬂlet GSM Qifviseivent, rﬂwhr s In the

| e t h N " to the Fi th ,
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el ays i 1F ﬁr@ﬁctﬁﬁﬁﬁﬁeﬂ%ﬁ;‘9’2%“%’2'#5{"%%529’6%’%j“rréne b T sec

preanbl e communicgtion t isHeens hya t00s Webilesstatmn-2MSmswhich1293ms 127
GSM bear SifhicaTioh | @ulledOBRO vikpa/ fax la THig! €N/
100 ns tre&rr% gtctﬁgngmttr n Wdﬁ?oﬁl gud s‘ggg% ;?#00/ 001"*1293ms)
40ns t 3 gqngnggcaqon 1is93n e ectlon ft to right on” Fi

15 The different delays in the command/response sequence have
been named tl1 to t7: o -
tl: 1 sec preamble and an 88 bit HDLC frame at 300 bps
(88/300=293 msec) 1293ms '
“12: GSM bearer service channel maximum delay (9600 bps/full |
20 rate): 100 ms time for transmitting 1293 ‘ms 300 baud c -
message (300/9600*1293ms) 40ms - : :
t3: same as tl 1293 ms '
t4: command to response processmg time in fax machme '
(loosely estlmated), 250ms : h

25 t5: same as tl: 1293ms : " o \j

t6: same as t2: 140ms
t7: same as tl: 1293 ms

Without the implementation of the present invention, the time
30 T taken for the calhng fax to recelve a response 10 1ts 1n1t1a1 :
command is given by: = '
T= t2+t3+t4+t5+t6+t7 4409ms
The 3-second timer in the callmg fax w111 clearly explre in thxs
35 In accordance ‘with the invention, however, the IWF 12 (Figure
1) sends a CRP response back to the fax machine 10 through the
public telephone network 11. This is shown as a dotted line in' -
Figure 3. This CRP response effectively causes the calling fax to start

-



[ 4: corrmand to response .processi ng tl e Iﬁ fax ITB.ChI ne (1 oos"é*-ly estimated);
250nms 25 t5: same as tl: 1293ns t6: same as t2: 140ns"t7: sane as t1:
1293 ms Wthout the inplenmentation of the resent invention, the time 3 0
T taken for the calling fax to receive a response to its initial comand i s
given :by: T =12 +t3 +t4 +tS+ t6 + t7 4409ms. The 3-second timer in
the cal | i:ng again,nitd| repeatr lits copimanid; TehBet |dis dimesout timers, andt oredance

with th¥in heye va, 1, Ur ehdi) pgnse
back to the axﬁ%gg |%@10 s?ﬁﬁ’gﬁ E“E% 3‘“& |gc 'tﬂel%eg one %acwor 11. Th| S is
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the cal l'i ng firfd i'é?s ket fromﬁtlié]f!t\ﬁF (1) fd?dég%d l\béllCWitfﬁhd_IZ’g secofds 'a%ﬁ%r
time-outetiners nce the co p ated
comand 3 s SRORBEASE 45 FepUtncommend pE e AW, [ in.fac, Gy BFOSES’  ha
the final reeilbrimve rexpited: | W will rise eapprecimted thaththe Cﬂiggmng dxasI laﬁﬁmlyS
recei pt of th 0 n y n N W ave
expi rgd Itta fﬁﬁgga& rgglaa?h ‘f#il‘?u% \k?gm #aﬁlﬁeg(rin]t | sgﬁ%& Yy a typical case
and the various tnrrwcar@am witdc i thec preferzed oembedimentihof htheyr ef err ed
embodi ment - ghviffloh/ YRS IWE ih"fact 'fisus| #furiliiERP dothiritd E5PRoM™RNd

oo 00 calling s dhcrosmonteo fRothe TeDRBISL Fommand, heot Eﬁé’?: allifg; he
meantime, tifax) Whisefurtir ORP Womniand B@rn@%mwgé:F igaren resggnse
conmand |5 11 It onq UG mESRAME: W TWF doey et ot Bbo Ao terthen GRMEsy
speQ/f i cat @mm“tﬁcatsmtlmmwpﬁn& 20 The repeatéd t temBRind areceived hatr 8f ox e
2?\‘3 no adveysRye! baf racidld tHAC tePited®Lothilid’ & ARERI outdb§! thé'eGlMe’
15 system in accordance with GSM specification 03.45, section 4.2.1.2.
The use of the CRP command therefore has no adverse effects and
does not reach the fax machine 16 at the other end. .
In the initial exchange of commands during the set up of a fax
- communication, a fax machine can be in the position of waiting for
20 one of two events: a response to its own command, or an expected
further command. Figure 3 illustrated the case of waiting for a
response to the fax machine’s own command, in which the 3-second
timeout period is critical. Figure 4 further illustrates this and in
addition illustrates the case where the called fax waits for a further
{ 25 command from the calling fax.
~ In Figure 4, events setting up the commumcatlon prior to t = 0 -
are not shown. The first communication from the called fax (DIS) is
in résponse to earlier events. The calling fax issues a DCS (digital
command signal) containing speed information of the calling fax for
30 its next transmission. The next transmission TCF is carried out at
the speed indicated in the DCS signal, which in this case is 9600 bps.
The called fax issues an FTT command in response (which need not
be described in detail) and in the meantime the IWF issues the CRP
command in accordance with the invention, to allow the calling fax
35 to wait for the FTT signal from the called fax. At this point, the
calling fax tries to use a baud rate of 7200 bits per second, which is
not supported by GSM. The sequence using a 7200bps is filtered out
by the IWF. During this part of the communication, the called fax




In the initial exchange of commands during the set up of a fax _
comruni cation, a fax machine can be in the position of waiting for 20 one
of two events: a response to its own coffmand, or an expected further
comand. Figure 3 illustrated the case of waiting for a response to the fax
machi ne's own comand, in which the 3-second tineout period is critical
Figure 4 ilk mxt redmermpscommMIdor rmeueli thaon7i secondsit(showine. asang
wher e thegpakh malts for.a further 25 - conmand . fron1the cal'l'ing ax.
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timer of tgﬁ cau% fax, but in this- case.a DCS at an appropriate speed of
4800bps i & 8d before the | REEREE
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£nd of the 6-second.tineout peri od. The further steps in Fiyure 4 are

sel f-expl anatory. Not all the issued CRP gom"rands are shown T n Figure 4 —and

15 the figure is generally sinplified f8r the purposes

The sane procedures occur if the subscriber unit fax mach(uuﬂ" "mimmi’!r“"b
f ax. ; Communi cati ons apparatus for facsimle *communi cat

over & radl conprising facsimle-radio interface neans for receiving
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comang epﬁ?é did® éd}ﬁnglﬁﬁghﬁbhe machi ne on recei pt thereof.
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3.  Apparatus according to claim 1 or 2, wherein said means for
sending said command repeat signal are arranged to recognise a
repeated command from the facsimile machine and send a single

20 further command repeat signal to the facsimile machine on receipt
thereof.

4, Apparatus according to claim 1, 2 or 3, wherein the facsimile-
radio interface means resides in the infrastructure of a cellular radio
25 system.

5. Apparatus according to claim 1, 2 or 3, wherein the facsimile-
radio interface means resides in a subscriber unit of a cellular radio
system.




