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" Psti-be-ed—CFettt—Swi-tched—Terecomuni cat | on Net wor ks"

This invention relates to distributed circuit sw tched tel ecommuni cat i on
net wor ks, and is concerned nore particularly, but not excl uswgv%g’
transmtti ngwWO97/13333 5 and receiving stations for such

a plurality of such stations are provided at randomy
distributed |ocations and in which swtchi ng circuitry is provided
within the stations thenselves for routing 15f calls between stations in the
net wor k il q..0ther stations in the network fgr relaying
of such calls where neddSKiEHS riichegot elecommunicatlon X WaEs countri es,
al though there may be a teI ephone service to towns and sone
principle villages, the majority of the popul ation has no effective access
to - t el ephones. There is a need in such countries for a

net wor k of tel ephones Fhis donention relates to distributed circniti switchérh telecobmumication | v

t he whol e of the population |ives no nore than a few

ki | ofretres fromeawptk| aml iscbseined anortiparicalarly bt nobercllsively iwith sranstixtihgit i on
of a 15 network conprising a | arge nunber of w dely spaced

t el ephones whi ClndVpateflikle stations for such networks in which a plurality of such stations are

V\/m ch

provided at randomly distributed locations and in which switching circuitry is provided
within the stations themselves for routing of calls between stations in the network

utilising other stations in the network for relaying of such calls where necessary.

10 In many countries, although there may be a telephone service to towns and
some principle villages, the majority of the population has no effective access to
telephones. There is a need in such countries for a network of telephones at such a
density that substantiaily the whole of the population lives no more than a few
kilometres from a public telephone. However this would require instailation of a

15  network comprising a large number of widely spaced telephones which would be
prohibitively 'expensive if a conventional wired telephone system is used. The paper
A Distributed Rural Radio System for Developing Countries", S.A.G. Chandler, S.J.
Braithwait, H.R. Mgombelo et al, Fourth IEE Conference on Telecommunications,
IEE Conference Publication No. 371, April 1993 describes a rural radio telephony

20  system which, by virtue of its exchangeless network structure, is ideally suited to

providing a basic telephone service to widely separated sites.

REPLACED SH EETSﬁChSaGmdio felephony system uses a network of cooperating radio nodes
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prohi bitively expensive if a conventional wred tel ephone systemis used.

The paper "A Distributed Rural Radio System for Devel opi ng
Countries", S.A G Chandler, S. J. Braithwait, H R Mjonbel o
et al, Fourth | EE Conference on Tel ecomuni cati ons, | EE
Confer ence Pugbiﬁﬁ%gn No. 371, April 1993 describes a rurapciafoshnzsse

t el ephony system whi ch, by virtue of its exchangel ess network
structure, is ideally suited to provi di ng a basic tel ephone
service to wdely separated sites. -2~ Such a radio
t el ephony system uses a network of cooperating radi o nodes REPLACED SHEETS
SG \\@hizk 4o B8tIBquire a central exchange or interconnecting infrastructure. Each node
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whi ch do not r egetisists of aeamismittingamd rRogieing station comprisinpctivorsingle dhanndl digigalir e.
Each node consists of a transmtting and receiving station
conprising two gapdefvesshan ikt Gidtdiddhone interfack 208 SCoRirMIfirsS comhinin@asvfiwane

t el ephone interface and controllers containing software I nmpl ement i ng

27108000 £ Chfphebds 4 GEEh EATERL R oAl Blon Bt 1iF 1ol
el ephone t Pt 1 Peeween e it B8 el s ed Ghabih miEheE e SRETRA e
a solar povered nguin%&gé li:gk%)daitsorecijuri]xjea ft\)ll\',i Ju{)]le:? Spe rin rtI-Rerpﬁone traffic. Each transmitting
and receiving station comprises a solar powered digital radio unit with one or more
telephones connected to it. Calls within a reasonable range (50 kilometres or so in
reasonably favourable terrain) are made by direct station-to-station communication.
10  Beyond this range, however, calls must.be relayed by other stations within the network
which are not being used at the time for making calls. Calls outside the area served
by the network, or requiring an excessive number of relay hops, may be routed through

gateway nodes into the public service telephone network.

15 The most similar systems in use currently are packet radio systems.
However these systems typically use a single radio channe} statistically muitiplexed,
usually resulting in a much lower information rate, and always having a delay variation

unacceptable for duplex speech.

20 It is an object of the invention to provide an improved transmitting and

receiving station for a distributed circuit switched telecommunication network.

The invention is defined by the accompanying claims.



t el ephones connected to it. Calls within a reasonabl e range (50 kil onetres

or se in reasonably favourable terrain) are nade by direct
st at+ef—te—stattom—comumitatiom . 10 . Beyond tnhi s range, however, calls
nmust be relayed by other stations within the network whi ch are not

bei ny used at the time for making calls. Calls outside the area served
by the networ Woem3squi ri ng an excessi ve nunber of relay hoRGH/GRAEP23SR

rout ed through gateway nodes into the public service tel ephone
net wor K. 15 The nost simlar systenms in use currently are
packet radi o systens. However thesd-systens typically use a single
radi o channel statistically multiplexed, usual |y resulting in a
much | ower i nfor mat i orinrosdes thaythe invensipn mavtiermors fufly wndedsiood gembpdiments of
unaccept abl e for dupl ex speech. 20 It is an object of the

i nvention to prthei diventioni will evecbe: desadbed; thynwayofl example, with aeferencadoghert i on
for & distributed circuit sw tched tel econmuni cati on networKk.
The invention i gecdfphnyiitg drawings, inadtiepanyi ng cl ai ns.
. Figure 1 is an explanatory diagram of a distributed circuit switched
5 telecommunication network;
Figure 2 is a block diagram of a transmitting and receiving station in such
a network;
Figures 3 and 4 are explanatory diagrams illustrating methods of call routing
in such a network in accordance with the invention;
10 . Figures S, 6, 7 and 8 are explanatory diagrams illustrating methods of call
interruption in such a network in accordance with the invention; and
Figures 9, 10, 10a, 11 and 12 are explanatory diagrams illustrating preferred
circuit features utilised in a transmitting and receiving station in accordance with the
invention.
15
Figure 1 is a diagram showing the location of nodes in a hypothetical
distributed circuit switched radio telecommunication network comprising a series of
randomly located fixed nodes 1 at which transmitting and receiving stations are located.
In addition to the network nodes 1, several gateway nodes 2 are shown providing call
20  access to the public service telephone network in which telephone communication takes
place in conventional manner by way of wired links under centralised exchange

control. As indicated by broken lines 4 -in the figure, calls may be made between

network nodes 1, or between a network node 1 and a gateway node 2, either directly
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In order that the invention nay be nore fully understood, enbodinents of
the invention will now be described, by way of exanple, with reference to

the : acGRIPAMssNg drawi ngs, in which: pPeTicivé3ge 1 S an
expl anatory diagram of a distributed circuit sw tched 5

t el econmuni cati on networKk; Figure 2 is a bl ock diagram of
a transmtting and receiving station in sygh a network;

Figures 3 and 4 are explanatory diagranms illustrating methods of cal
routing whn SHE Hodes AL MBde enbilig &S AADTEN, \Yr b Wal} DF OINEF AddeS ; whidt)
Figures 5, 6, 7 and 8 are explanatory diagrans illustfating nmethods of cal
interruption i ﬁpf%wqﬁé k in accordance with the invention; and
Figures 9, 10, a, d are explanatory diagrans illustrating
preferred circuit features utilised in a transmtting and receiving
station in accordance with the i nvention. 15

Figure 1 is a diagramgshow_ng th ocation of nodes,in a hypothetical
distributed circuit sﬂ&“&%@dgrﬁaﬁlf&‘té@'ﬂn‘?&ﬁi"@ﬁiq‘%‘wgn@%\/\fé‘?%nﬁﬁq"é‘i bg a
series of randomly located fixed nodes 1 at which transmtting and
recei vi ng s% at icomprigingtwodranimit{reccive aerials 7, 8, two single channel digital transceivers 9,

10, at least one telephone interface 11, 12 and associated telephone 13, 14, a
transceiver interface 15 and a control unit 16 for effecting control of communication
between stations within the network. Each station 6 can be used to terminate up to two
calls, that is two calls being made simultaneously using the telephones 13 and 14, or
10  alternatively to relay a single call by simultaneously using the two transceivers 9 and
10 to receive and re-transmit the call information in the two directions. The
transceivers 9 and 10 typically use separate frequency channels, although, in a small
enough area for time skewing not to be problematic, time division multipiex could be
used. Typically the two channels are selected from a set of 200 available channels,

15  although larger numbers of channels could be useful in certain situations.

The routing of calls within the network is based on the geographical location
of the nodes in the network, rather than on the provision of routing tabies stored within
the stations, as this gives a much better performance when there is no centralised

20  exchange. The implementation of routing and initial call setup are performed utilising
a specific calling channel dedicated to this purpose on which information is conveyed
using asynchronous packets. The separate traffic carrying chanﬁels by means of which

the speech information is received and transmitted can be used for either asynchronous



In addition to the network nodes 1, several gateway nodes 2 are shown

provi:ding call 20 access to the public service tel ephone network in
whi-eh—tetephere—comumicatTom takes prace 1 n conventional manner by
way of wired |inks under centralised exchange control. As indicated
by*bfoken lines 4 in the figure, calls may be nade between net wor k

nodes 1, or bwos?aa3’a network node 1 and-a gateway node 2, SCTHEB6/BI38Gct |y
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when the nodes are cl ose enough to one anotgwer, or by way of other nodes 1
whi ch serve to relay the calls. Figure 2 is a

bl ock di agr am ofpagkef drafixedrfriuiné tigeutsavitchatiratisissioh Fbineats deperiiling aotippratocy t wo
transmt/receive aerials 7, 8, two single channel digital transceivers 9,

10, at least ongsiylGpbaARad ubbresduiements. 12 and associated tel ephone 13,

14, & transcéiver interface 15 and a control unit 16 for effecting
control of comunication bet ween stations within the network. Each
station 6 can be used to termnate up to two calls, that is two

cal | s bei ng mad j qul f aneously using the tel ephones 13 and 14, or 10
alternatively t single call by sinultaneously using the two
transcei ver559 and

The routing of a call from a source station S at which the call is made to a
destination station D to which the call is directed is controiled by an appropriate routing
algorithm impiemented by cooperation between the control units of the source and
destination stations and any other stations used for relaying the call. The routing

10  algorithm establishes a series of communication links starting from the source station
F and terminating at the destination station D utilising an iterative process, if the
destination station D is not within single hop range of the source station S. The
simplest method of such routing, shownl in Figure 3, involves determining-at each stage
of the iteration that station within radio range of the previous station which is nearest

15 fto the destination station D. If the nearest station is no nearer than the previous station
utilised in the routing, then the route is blocked. Figure 3 shows this method applied
to relay a call by way of two stations 20 and 21, the radio ranges associated with the

source station S and the stations 20 and 21 being shown by the circles 22, 23 and 24.

20 The manner in which this routing algorithm is implemented by the control
unit of each station will now be described. The control unit of the previous station will
broadcast an interrogation signal in the form of a CQL message which will be received

by all of the stations available for relaying within range. If this interrogation signal is



10 to receive and re-transmt the call information in the two directions.

The, transceivers 9 and 10 typically use separate frequency
chanpel s, although, in a small enough area for tinme skewing not to
be problematic, tinme division nultiplex could be used. Typically

t-he; two channg,lrﬁmr e sel ected froma set of 200 avail abl e ghpiaasddesse 15

al t hough Iarg n ers of channels could be useful in certain situations.
The routing of calls within the network is based on the geographi cal

| ocation of the nodes in the network, rather than on the provision
of routing tables stored within ffAe stations, as this gi ves a nuch

better performance when there is no._centralise Q, exch

i mpl ement at i on'BB‘f“"?chtq“rf&“gﬁm WQC’ me%‘é"f'ﬂﬂfé?gﬁ%? %‘?#%%“LHWF%% ng
a specific calling channel dedicated to this purpose on i gh i.nfornation
i s conveyed mmm%w@%ﬂg%ﬁmtcpgémﬁm&ﬁgﬂégﬁg\,‘\’gﬁéﬂﬁdgﬂ‘g‘a‘
carrying channels by neans of which the speech informatign is

recei ved and t prewions. tstatidn alinecthye tQ) shey destinationt $tationg s {ther  tations receiving the
WO 97/ 13333
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5  delay which increases with the distance of the station from the destination station D.
The amount of this delay is calculated by each station on the basis of the distance of
the station from the destination station determined either from a list of the locations of
other stations stored within the station or from use of station numbers indicative of the
grid references of the stations. If the stations operate a CSMA protocol, so that they

10  do not provide an acknowledgement signal if the channel is already in use, most
collisions can be avoided. As soon as the previous station receives an
acknowledgement signal from another station, it sends a confirmation signal to the
selected station. Other stations within range (but at a greater distance from the
destination station D implying a greater delay before acknowledgement) will also

15  receive the confirmation signal and will thereby be inhibited from acknowledging the

interrogation signal, thereby preventing unnecessary congestion on the calling channel.

This routing algorithm has the disadvantage that it will not find all possible

20 routés, and calls can'thércfore be unnecessarily blocked. For example, referring to
Figure 4, a call may be blocked at station 21 due to the presence of an obstacle 26,

such as a mountain or simply an area where there are no stations available for relaying

the call. One way to improve this situation is to generalise routing the algorithm



- 5- packet or fixed frame circuit switched transm ssion formats
dependi ng on the protocol of the system and user requirenents.

5 ' FheToutTTg O a call froma source station S at which
the call is nade to a destination station Dto which the call is
dirécted is controlled by an appropriate routing al gorithm

i npl ement ed NOSWIBBr at i on bet ween the control units of t hePCHERE23H
destination stations and any other stations used for relaying the call. The
routing .10 al gorithm establishes a series of conmunication |inks
starting fromthe source station Fand termnating at the
destination station D utilising an iterative process, if h)ge .

destination st alightly. dnstead phseleghing, the neares statigg o the destingtion for relayipg thegcall 1§ oy
S. The si npl est net hod of such routing, shown in Figure 3, involves
det er ni ni ng at abeach stages ge next relay statign majebe seleeted atrach plage sorasito maximisetha
radio range of the previous station which is nearest 15 to the

destinati on st pkobability of dontpiating ¢lse remte toithe destination.n The peobabilityheficotripleting
previous station utilised in the routing, then the route is

bl ocked. Fi gur ehe3rcilt®front Hyssuativhhatiea hvetsely with the distdnde froincgie statiad in thy way
of two stations 20 and 21, the radi o ranges associated with the

sour ce st atd N il deMiySkiUWIRRE R HCrodie RBIBKeRNOowRYer! BeitChdsChRE 22,

determined that the route is blocked at station 21 in Figure 4 so that there are no
available stations in suitable locations to act as relays in accordance with the original
algorithm, then a modified algorithm can be used to backtrack one step to station 20
and to modify the probability distribution with the knowledge that the station 21 is
10  blocked. This results in the station 21 or stations near to the station 21 being less likely
to be chosen, thus enabling a further station 25 to be selected for relaying the call in

order to implement a route to the destination bypassing the obstacle 26.

If the location of the station 21 is known to further stations, such as 25,

15  which may potentially be invoived in relaying the call, as will be the case if these
further stations overhear a signal from the station 21 confirming backtracking, the
probability of completing routing from any station, or at least an approximation to it,

can be calculated by each of the stations on this basis, and hence an appropriaté delay
determined for responding to the interrogation signal from the previous station in order

20  to implement the routing in the same way as before.

Call Interruption



20 The manner in which this routing algorithmis inplenented
by the control unit of each station will now be described. The
contrel unit of the previous station wll br oadcast an
interrogation signal in the formof a CQL nessage which will be received
by at | of thedghi0ns avai | abl e for relaying within range. pcrdgsizaso

I nterrogation signal is WO 97/ 13333
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received by the destination station D, theggcontrol unit of the destination
station provides an i medi at e acknow edgenent signal to indicate
that the call nmay be g ibh R eth ' . i L L2C to
the destination stati -ﬁeﬂé%%g&ﬁst at 9@%% %ue%%‘r%%ﬂe?lﬁ%@&% ﬂgy}f%&erﬁ %gtét i on
signal provide an acknow.edgenent sjgnal which is transmtted after 5
delay which i nct(:gggeégerﬁ ﬁ’etgﬁ@"?ﬂ g’ﬁéﬂﬁﬁé" 330 @F%*"éﬁ’ ﬂ?&%ﬂ%ﬂé‘"ﬁe‘ﬁ’ﬁ’ﬁat i on
station D. . The amount of this delay,is cal cul ated py each station on
the basis of t rvailgblytesend ogfeceive a new cyfl(terminating atithay siation) g Syelelgying
station determned either froma |ist of the |ocations of ot her
stations st or ecunigss aspeciakrall interryngian &cility ésavailabloto permitiresautingaf dhesexisting

I ndi cative of the grid references of the stations. If the stations

operate a CSVA gallabenable the mewlcall ta bemadd 0 do not provide an
acknow edgenent signal if the channel is already in use, nost
collisions can be avoi ded. As soon as the previous station receives an

Figure § diagrammatically shows the information carried by the two traffic
channels 27, 28 and the calling channel 29 of a station which is relaying a call between
two other stations. During a normai telephone conversation, although a full duplex

10  transmission path will be provided between the two telephones, usually only one party
will speak at a time, and there is silence in both directions for an appreciable fraction
of the transmission time, for example during the gaps between words and syllables.
There is no need to transmit information during such periods of silence, apart from
information as to the duration of the silence. In the described system, the speech

15 . information is divided into 10 ms frames which are actually transmitted in packets of
about 4 ms duration enabling the information in the two directions to be transmitted

alternately.

When a station is relaying a call (or is simuitaneously terminating two calls)

20 the two transceivers are used to communicate with the other two stations using different
frequencies. As shown in Figure 5, the transmitters of both transceivers are
synchronised to transmit simultaneously so that, as speech information is being

transmitted in one direction to one station on the first traffic channel, speech



acknow edgenent signal from another station, it sends a confirmation signal
to the sel ected station. O her stations within range (but at a
greater distance from the destination statron D inplying a greater
del ay, before acknow edgenent) will also 15 receive the confirmation
signal and will thereby be inhibited from acknow edgi ng the

i nterrogation QWA hereby preventing unnecessary congest i TS GRTSPRE0

cal l i ng channel . This routing al gorithmhas the

di sadvantage that it will not find all possible 20 routes, and calls
can therefore be unnecessarily bl ocked. ForSsxanple, referring to

Figure 4, a call may be hlocked at station 21 due to the presence of an
obstacl e 26, informatigp 4s,bejug transmiftedsin the ppRasite, figectipn i thy ofprz statipp Opdheyr o
no stations available for relayin the call. One way to inprove
this situation i second ¢affic-chan ﬂ'gemgaumivensgmvamleto receive informagion in
97/ 13333

PCT/ GB96/ 02380 intermediate periods 30 between successive transmitting periods 31, guard infervals 32
slightly. Instead of selecting the nearest station to the destination for

relaying the cal being providé b&#edh SeaghsmithdnRudive Siritids S arde? o FRoveRt any
sel ected at each stage so as to maxinise the

5  overlap of these periods. If both transceivers were occupied with receiving signals in

one or other direction during the receiving periods, it would not be possible for the
relaying station to receive a call made to it. However during each period 30 each
transceiver is actually receiving speech information for only a proportion 33 of the
time, and there are periods of silence. In these periods of silence short null speech

10  packets may be received indicating that the receiver is available to receive interrupting
signals from a station wishing to call it, so as to enable the station to interrupt relaying
of the existing call -'to accept the new call. Re-routing of the previously relayed call can
be effected automatically so that there will be no significant gap in transmission of the
call.

15

One possible method by which the refayed call may be interrupted wiil be

described with reference to Figure 6 which shows a station which is in use for relaying
a call being called by another station transmitting interrupting packets 34 on the calling
channel. During the transmitting periods 31 and the periods 33 duﬁng which speech |

20  information is being received, neither of the transceivers is available for receiving the
interrupting packets 34. However receipt of a null speech packet 35 on one of the
traffic channels indicating a period of silence causes fast switching of the transceiver

to receive information on the calling channel, and thus enables the existence of an



probability of conpleting the route to the destination. The probability of

conpl eti ng the route fromany station varies inversely with the

di stance fromthe station in the 5 absence of any know edge that the
route is bl ocked. However, if it has been determned that the route -
I's bl ocked at g Sld@ki 21 in Figure 4 so that there are no | abl e
stations in s‘lﬁ’tgg}ti)dégl ocations to act as relays in accordance w%ﬁﬁﬁﬂ

ori gi nal al gorithm then a m)dlfled al gorithm can be used to
backtrack one step to station 20 _to nodify the probablllty
distribution with the know edge t hat the “$tation 21 is bl ocked. This

results in the ,ﬁ&ﬁ%}; H&hm éaﬁﬂlg Sk | g%eé S
likely g osen, thus en B:PI ng %(B ﬁ@ﬁé&ﬁ*&tﬁ{ﬁf%&h@ lt by
selected for r cal | def t nt to the
destination byéggé{“% DE %&ms‘g"a 86 on {hecﬁlmg”&amq& ﬁsa%ﬁ’@%g%tion
of the station 21, is known to further stati _sucha . ch may
potential |y be Satip8) bag) PAArity OXeh A8 Wﬁ‘“&af’ﬁpiﬁ@gvﬁ'ﬂ@é’% H’?‘cﬁ%‘@“rf'hf hese
further stations overhear a S|gnal. fromthe station 21 confi rm#'g .

backt racki ng, tasknowledgement sigaab A6 will indicgte ringing efithe,ielepheneian therqalled siatjon,
station, or at |least an approximation to it, . can be cal cul ated by
each of theSst andovill resulttinispeetin transmission beingigitiated ayithr the ealler using baeyof the
determ ned for responding to the interrogation signal fromthe previous
station in or dafaffiechannelsdf thepAlERRiken by ehd @lephdie being tilen S6fHdokaThisscaiskor €.

Call Interruption
the existing relay link to be broken and alternative routing of the existing call to be
implemented. The relayed call can similarly be interrupted if the telephone is taken off
hook to make a call to another station. Although the short break in transmission of the
10  existing call in such a method should not be serious, it is possible that the existing call

could be broken.

In this method the routing of the new call to the station which is currently

relaying a call proceeds according to the routing algorithm already described until the

15  penultimate station is reached. As with other stations, this penultimate station
incorporates a neighbour table indicating those stations which are within guaranteed

-radio range as determined by the geographical distance of those stations and the picking

up of signals from those stations, and the neighbour list of the penultimate station will
include the destination station. The penultimate station will attempt to reach the

20  destination station by calling repeatedly on the calling channel, and, if the call is
accepted by the destination station, an acknowledgement signal is returmed indicating

the start of ringing on the destination station. Otherwise a signal is returned from the

destination station indicating that it is engaged.
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When—e—station—tsTetayirmg—a calr T perween ot ner statirons in the network,
bot h transceivers of the station will be in use, and accordingly the
station will not be . available to send or receive a new call

(term nati ng WO 933 st ati on) during such rel ayi ng uRCTEBIH0238cci al
call interruption facility is available to permt rerouting of the existing
5 call to enable the new call to be nade. Figure 5

di agrammatically shows the information cakk+red by the two traffic

channel s 27, 28 and the calling channel 29 of a station which is relaying a
cal | between t Wais snethnd has thei difficultpof requiriag veryrfast switchipg ohehannels
conversation, although a full duplex 10 transm ssion path will be

provi ded bet weehidhheestltin incrmpsed naircnit compldxity dm ipyovidiag tier tequired frequenay | |
speak at a tine, and there is silence in both directions for an appreciable

fraction switchinglaR@ cirl @RSutite? AiffcullidsWe td the seuERinge shdemddulatde I6RRS
bet ween words and syl | abl es. There is no need to transmt '
I nformation during such periods of silence, apart from i nformation

as to the duration of the silence. In the described system the speech 15

nformati on, i divi degiglflPiudalls ah LitRAE ERAG koA LA blAESHLS hed | "
need for fast channel switching by replacing the neighbour tables referred to above held
by the stations by tables of records of channel allocation signals sent between stations
when establishing routes for existing calls. Thus, in routing of a cali to a destination
station which is currently relaying a cail on its traffic channels, the penuitimate station
10  will refer to records of other stations heard and of the frequencies of the channels to
which the transceivers of the heard stations have been allocated. These records are
entered when their frequency set up commands are overheard by the station, and are
deleted when subsequent.attempts to call the corresponding station on that channel fail,
or the corresponding station is heard calling another station on the calling channel. The
15  penultimate station then attempts to reach the destination station by calling repeatedly
on the or each traffic channel of the destination station, in accordance with the
previously recorded channel allocation information. During use of the called channetl
to transmit or receive speech information, reception of the calling signal will be
inhibited in accordance with the CSMA protocol. However, on reception of 2 null
20  speech packet 35 indicating a period of silence on the called channel, the channel will
become available to receive an interrupting packet 37 from the calling station, and this
will then permit transmission of an acknowledgement signal 38 on the called channel

indicating initiation of ringing at the called station and seiting up of the call in the



about 4 ns duration enabling the information in the two directions to be
transmtted alternately. When a station is
relaying a call (or is sinmultaneously termnating two calls) 20 the two
transceivers are used to conmunicate with the other two stations using

di f kFerent ésrequenci es. As shown in Figure 5, thet m s of
bot h transcei“\'/%?-'sm Pe synchronised to transmt si rrul;Ir f’ineo;l‘}{s3 y SO
that, as speech information is being transmitted in one direction
to one station on the first traffic chanmakys speech WO

97/ 13333 :
PCT/ GB96/ 02380 manner already described. The frequency settling time requirements on the penuftimate
information is being transmtted in the opposite direction to the other

station on the channel in suchermetiod drefmbt dentdndinge | However thipodsibilitg Still exisss tiut €
available to receive information in I nternmedi ate periods 30 between

successi ve traqﬁgr'b,gigﬁ,?g.eﬁm @l cotld bedisked, | Nterval s 32 bei ng
provi ded between the transmt and receive periods in order to prevent any

5 overlap of these periods. If both transceivers were occupied with
receiving signals in one or other direction during the receiving

periods, i tSWOUI d not A??n A gx|1 of Eh%rabtong described interruption method will now be

described with reference to Figure 8 which substantially removes the possibility of the
existing relayed call being broken during the interruption. Figure 8 shows
diagrammatically a call from a source station S to a destination station D being relayed
by a number of other stations including a station R to which a new call is to be directed
10 from a station 41 by way of relaying stations including the penuitimate station I. As
previously indicated periods of silence or gaps in data transmission are recognised by
the terminal stations, and special null ISpeech packets, shorter than the normal speech
packets used to convey ordinary signals, are transmitted. The null speech packets
contain information to enable overhearing stations to identify which station has
15  transmitted the null speech packet and to synchronise to the null speech packet, as well
as priming the normally receiving station to listen for interruptions during the empty
remainder of the time slot. Since the penultimate station I can only be sure of hearing
signals from the station R and not necessarily from the station A or the station B
adjacent the station R in the opposite direction, the timing of the interrupting packet

20  from the station I must be able to be determined only by signals from the station R.

A good method to achieve this would be to use the null speech packets from

the station R to synchronise the station I, but for the station I not to transmit an



rel aying station to receive a call made to it. However during each period

30 each transceiver I's actually receiving speech information for
O Hy—a—prepotr-tt+ori—33—of—tte TTTE, and tnhere are periods of silence.
In these periods of silence short null speech 10 - packets nmay be

received indicating that the receiver is available to receive interrupting
signal's fromWO8VE3%bn wishing to call it, so as to enabl e PRECEYRY, (o
i nterrupt relaying of the existing call to accept the new call.
Re-routing of the previously relayed cal l_,qan be effected
automatically so that there will be no si gnlflcant gap in transm ssion of

ﬁgﬁayed callhl C:l :‘B‘gﬂé‘ tpeaflrmu texldth\eﬁta[nogkmﬁs &%ﬁé g FEEE&%% re:‘g?lel%lzgl ][O
Fi 6
belgﬁ[:;ecal I elolcbﬁcgﬁ%ﬁlﬂt S%r#m a‘ﬁ‘gr@f %i&%ﬂg?ﬁﬁ% 5 pacﬂ(keg%m&ﬁgﬁat he

cal ling channe] Dur|n thetra mttlr} ri ods 31 ndthe eri ods
33 during whi CH’“% P stapnn; Sﬂﬂﬁ%ﬁewgﬂ“n P the
transceivers is avail abI e for rece| Vi ng t he i nterrupting packets

34. However redemade.olf anullpurstSfparm the Batigoch iskearh thin problem fees not arise and
traffic channels indicating a period of silence causes fast sw tching of
t he transced verthe interrupting packetde transmittédimmediaelyon t he cal l i ng channel, and
t hus enabl es the exi stence of an
When a call request is received by the station R from the penultimate station
1, or when a telephone of the station R is taken off hook to initiate a call, a message
is passed to an adjacent station A on the call route between the source station S and the
10  destination station D instructing re-routing of the call. This will cause one of the
transceivers of the station A to temporarily interrupt transmission to the station R in
order to transmit a CQL message with the object of setting up an alternative route for -
the call. The station A then awaits a response from a potential replacement relay
station using the normal routing procedure already described, except that the
15  transceiver of the station A returns to transmitting to the station R on the traffic channel
after sending out of the CQL message so that further communication with the potential
replacement relay station must take place on the traffic channel rather than on the
calling channel as would normaily be the case. The routing procedure is then
continued in the normal manner until a connection is made with the destination station
20 D, or with a penultimate station 45 if both transceivers are in use at the destination
station D. Only when confirmation is received by the station R that such a connection
has been made is relaying of the call by way of the station R interrupted and initiating

of ringing at the station R effected (or call routing begun if a call is being made from
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i nterrupting packet 34 on the calling channel to be detected and to be
acknow edged by transmtting of an acknow edgenent signal 36 on the
cal I9 ng channgjgoeAsasad call to any station has priori PETAOBIE/02380
existing call being relayed by that station, the acknow edgenent
signal 36 will indicate ringing of the tel ephone at the called station, 5
and will result in speech transm ssi on bel hg initiated with the caller
usi ng one of the traffic channels if the call is taken by the

t el ephone being e ®% hook. This causes the existing relay link

to be broken and alternative routing of the existing call to be

i npl emented. The relayed call can simlarly be interrupted if the tel ephone
Is taken off hook to make a call to another station. Although the
short break in transm Yéhilstthisimethod prév@nts lass pEeiistipg relayedi calls, thémathod hhoal
shoul d not be serious, it is possible that the existing call coul d

be broken. slightly adverse effect b thehavailabilityod Hehealted Wf isarge Giatibieewhich el |
to the station which is currently relaying a call proceeds

accordi ng t ot h@yfrently R (ﬁﬁiﬂkhﬂﬁcﬂkﬁ@&ﬁWxﬂ%&@MWaﬂl@bhaﬁd’&r@ecﬂ!s

penul timate statlon |s rea As with other stations, this penultinate

station e?Jn@? éb‘iﬂ‘tg rhégl | h hﬂaﬂ ns
whi ch are W|th| n g ar agi ee stdtiohi r?q‘g‘l%gegil{lﬂegp&ng §§§91§t eo(a'
geogr aphi cal anc of th st at NS and. th I,.ckin f.
signals from t h S&)mgln E%%ﬁ"’d‘ﬁ'ﬁ}%ﬂ?“e? n gldffgm}?@r?ﬂ}'#ﬁ?rgw&e
station will the frequency settling time plus the time 1o send a CQL message and receive a response

to it. Nevertheless this will still be less than the transmission break provided by call

10 interruption in the other methods described.

Where mobile transmitiing and receiving stations are to be used in the

15  network, each mobile .ﬁation is associated with a home base node at which a normal
fixed transmitting and receiving station is located. When switched on the mobile |

station transmits registration packets to its home station at regular intervals, say once

every ten minutes, these registration packets being relayed through normal fixed

stations within the network where necessary. The transmitted registration packets,

20  when relayed by other stations, will contain information identifying the first station

used to effect such relaying, and thus will indicate to the home station the approximate

location of the mobile station, that is a location within range of the first relay station.

Such registration of the location of the mobile station will be updated on a regular basis



i nclude the destination station. The penultimate station will attenpt to

reach the 20 destination station by calling repeatedly on the calling
¢ herRet—art—t+f—tte—catt—Ts accept ed by the destination station,
an acknow edgenent signal is returned indicating the start of

ttnging on the destination station. O herwise a signal is returned fromthe
destinati on sWe®P&I33 ndi cating that it is engaged. PCT ) 13333
PCT/ GB96/ 02380 -11-

This method has the difficulty of requiring very fast swi tching of channels
which results in increased circuit conpl e‘sé‘rg-"t'y in providing the required
frequency switching and can encounter difficulties due to the
settling time iy WeHBiRf|thg Getistration signals by the home station. Figure 7
illustrates an alternative interruption nethod which overcones the

need for fast channel sw tching by replacing the nei ghbour tables referred
to above hel d by the stations by tables of records of channel

al | ocation signals sell balf wepmsts tatheomebile station areiditected tigitialiysto thg home: es
for existing calls. Thus, in routing of a call to a destination

station which igatioh Whithitheh reRly@stich Gall réifuksts @thé hifobilé sthdidnCinehetiotaiab padkire

penul timate station
5 radio mode using, where necessary, the first relay station (which is close to the mobile
station as indicated by the registration information) and possibly other stations to relay
the call request to the mobile station. Receipt of the call request relayed in this manner
by the mobile station results in ringing at the mobile station, and, when the handset at
the mobile station is taken off hook to accept the call, routing of the call back to the
10  calling station is implemented in accordance with the described routing algorithm. If

the calling station is closer to the mobile station than the home station, such routing

will often result in the call not being relayed by way of the home station.

It should be noted that such routing in response to taking the telephone off
15  hook to accept a call is a preferred feature used in the network as a whole as otherwise,
if call routing were initiated so as to reserve capacity on the stations to be used in
relaying the call at the time that calling is initiated, unnecessary congestion of the
network would be caused by the fact that such stations would be reserved for use whilst

the telephone at the called station is ringing and remains unanswered.

20

I .lm . S .Il.

In the described system each transceiver transmits and receives on the same



10 W ll refer to records of other stations heard and of the frequencies

of the channels to whi ch the transceivers of the heard stations
have:been al | ocated. These records are ' entered when their frequency
set up commands are overheard by the station, and are del et ed when

subsequent aylgRARsAst 0 call the corresponding station on tgercabeuse fail,
or the corresponding station is heard calling another station on the
calling channel. The 15 penultinmate station then attenpts to reach the
destination station by calling repeatedl y;¢- on the or each traffic
channel of the destination station, in accordance with the

previously recgefiRfcy; aAdi Y thébfoRCAlenfdl té Sippletthd Gﬂmmﬂifghﬂ%ﬁ%fmﬁ&ﬁt

cal | ed channel to transmt or recelve speech infor reception

of the cal | g5 a2k Bidube gt this does nol Al Gln ik ASEALARAGR Hirblld e CSVA

protocol . However, on reception of a Speech pac

I ndicating a period,of .Silence on cal l ed channel .. 1 h el wll
become avai | abFEtgd g%ggel {‘;ae" AVt ?‘ﬁ'pf g 85tgﬁteqpu§1’hq$§¥%cqeﬁagﬂgx§tﬁ 4%
station, and this t hen Qerrrit transm ssi on

il f a
acknowl edgenenfiich g thag te radigtrensmission g less, that is by of the grdes, of 140 dB.

initiation of ringing at the called station and setting up of the call in
t he S  Wheroswitchiag from transmit to receive mode must be fast, that 1s significantly less
PCT/ GB96/ 02380 -12-

manner al r eady tieasacmillisedondT litds flifficnig nf ot 3mpossible, to twen oxijlators ot offon to he
penul ti mate
shift their frequency as is usually done in press-to-talk transceivers. This therefore
places stringent reguirements on the switching circuits to be used for switching between
the transmit and receive modes in such transceivers.
10
Accordingly, as shown in the block diagram of Figure 9, one of the
frequency signals which is mixed to produce the transmit carrier frequency signal, or
the carrier frequency signal itself in the case of an FM transmitter, is derived from a
frequency divider 50 comprising a digital bistable circuit (a flip flop). Such digital
15  bistable circuits may be turned off instantaneously using a logic gate. In the transmit
mode the frequency signal from a frequency source 51 is divided by two by the
frequency divider 50 and is supplied to a modulator 52 in which the baseband signal
for transmission is used to modulate the carrier signal output by the frequency divider

50 to produce a modulated signal for amplification by an amplifier 53 and transmission

20 by way of the transmit/receive switch 54 and the antenna 55.

When the transceiver is to be used in the receive mode, the transmit/receive

switch 54 is switched into the receive position, as shown in Figure 9, by application



channel in such a nethod are not demandi ng. However the possibility still
exi sts that the existing relayed call could be broken. 5

A spdi-f-caton—ef—the—abovedeserToet Tnterrupt 1 on net hod wll now be
described with reference to Figure 8 which substantially renoves the
possibility of the exi sting relayed call being broken duri t he

i nterrupti on.WOPB/HI%e 8 shows diagrammatically a cal M’FB ®our ce
station Sto a destination station D being rel ayed by a nunber of
other stations including a station Rto which a newcall is to be directed
10 froma station 41 by way of- relayingltdtations including the

penul timate station I|. previously indicated periods of sil ence
or gaps in dat afm@pmnr@sq mtra}sgrraé.c@grﬁts‘@csamy time the contsol, sigra if,applied to
stations, and special null speech packets, shorter than the normal speech
packet s used tan dnhibit jnput donnectgd 30 griogic gaterwithin shesfrequesay. divider 5Qiis¢ as teech
packet s contain information to enabl e overhearing stations to

i denti fy whi chinhibittheansait carfier frequendissigrial.cThe fact thit the sqeiectrequendyels nend t 0
synchroni se to the null speech packet, as well as primng the

normal Iy recei E&aﬁ: ey bpa.eh%ui SigrlaBio telcircalt S i9 BhiyQieferdied by Ghd Kvh-Bieat y

remai nder of t time Slot I nce the penultimte station | can only be

sure of herln [ idgy from
the station A gm?‘ﬁem%“@.%ﬁ%ﬁp “WM*“%%%&?"*ﬁﬁmst G S
opposite directi err tin he
station | nust L g“id ‘gié's é‘P'rﬁeﬁ'(%e ¥ §€8%§?§?¢%th?‘%"¥§§# on R
S3 as this would otherwise still amplify any noise signal, but the requirements for
turning off the amplifier 53 are much less stringent than would otherwise be the case.

The received signal of the same frequency is supplied by way of the switch 54 to the

10  receive amplifier 56 and hence to the receiving section of the transceiver.

Since the information is transmitted in such a system in short bursts,

1S  measures must be taken to prevent the transient envelope variation at the start of each
burst from causing spectral spreading which could result in interference to users of
adjacent channels. To this end the system uses linear modulation of the carrier
frequency in order to provide optimum band width efficiency, and provides ramping

up and down with very short ramp up and down times, at the beginning and end of

20 transmission bursts in order to minimise spectral spreading.

As opposed to the more established constant envelope schemes, known linear

modulation systems have enabled orthogonal modulation (in which each symbol



A good nethod to achieve this would be to use the null speech packets from

the.station Rto synchronise the station I, but for the station | not to
transmt an WD 97/ 13333

PCT/ GB96/ 02380 -13-

i nterrupting yagehfisssuntil the station R stops transm tting ptiideosnaesh
packets. This nmeans that the subscriber at one end has started
speaking making it nore likely that the ot her subscri ber has stopped
speaking. The station | will keep trying ugd | a connection i s made.

If a null burst fromthe station Ais heard, this problem does not arise
and 5 the divefoih 'l bé'icsiosdmbependdnt rb?mlfomel SyhbE? WadéfBinis) fo approach

When a call request is received by the sfation R fromthe penultinate

station hf,lth&ireﬂw 'hxﬁtst 6f %Hﬁmﬁﬂmoéfffcﬁﬁc t 3fzhever c!hé uE@'ﬁ?rﬁéQE:En °°k

toinitiate a c a nessag I's pass€d to an adjacent statlo
.the call route b n t
station D i notrIRRER B8 %%éf shlath, T ?‘fcﬂ fett ha%“oe&&i%ﬁ%&n%@#h
transcei vers of he Statio t,0 t orar|I erru r the
station Rin st o et moelated bEts) B0ds bl oW Bty

setting up an alternatlveroutefor the call. The statlonAthen

awai ts a re8pondeplinyds mogulstionofithelinerrly, modulated signal| agspciated with ramping up and

down would appear to necessarily cause some spectral spreading, it is submitted that

such known systems utilise an incorrect approach to the problem, leaning too heavily

on the approach which must be taken with constant envelope schemes.

10 _ The modulatioﬁ system in accordance with the invention uses an approach
which results in very short ramp up and down times with, in principle, no spectral
spreading at all. By contrast with the known system in which the ramping up and
down is effected by overall amplitude modulation of the linearly modulated signal, this
system involves generating for each symbol of.the data to be transmitted a respective

15 symbol waveform having ramp up and ramp down portions of limited duration. A
series of such symbol waveforms which overlap in time, such as the wa\;cforms 61, 62,
63 and 64 shown in Figure 10a representative of the digital symbol sequence 1101, are
combined within a transversal filter 70 as shown in Figure 10 in order to produce a
combined waveform 60 having ramp up and ramp down portions 65 and 66 of limited

20  duration. The generation of the combined waveform by convolution of a stream o_f
impulses representing the data sequence with the individual symbol waveforms can be
implemented using precak:ulaned stored waveforms or calculated in real time using a

digital signal processor followed by an anti-aliasing filter. The output of the



station using the normal routing procedure already described, except that
the, 15 transcei ver of the station A returns to transmtting to the
stati-en—R-eA-the—traf-fc—cthamret arter sendi ng out of the CQL
message so that further conmunication with the potenti al

repd acenent relay station nust take place on the traffic channel rather
than on the wo9m3sss3cal | i ng channel as woul d normal |y be t RECT(GRIE0234,¢
routing procedure is then continued in the normal manner until a
connection is made with the destination station 20 D, or with a
penultimate station 45 if both transceivet®~are in use at the destination
station D. Only when confirmation is received by the station R that such a
connect i on transvensal filtes 4 inthae supplied taa medulator 71 én erdeq topmodiiase a camrise
station Rinterrupted and initiating of ringing at the station R
ef fected (or csighalrofitffequenoyofintoi proziuceaithe irequired nlinaarlyembdwated signal for WO
97/ 13333

PCT/ GB96/ 02380 transmission. ' -14-

the station R). Whi |l st this nmethod prevents | oss of
exi sting relayed calls, the nethod has a slightly adverse effect on
the availability to be called of sane stations which are 5 currently

relaying cgl s as Suofye bbb waibrns b dhBrdiaty 3P ftich difnclo HEFEA Ve

calls

approximation is made by truncating each waveform to provide ramp up and ramp
down portions of limited duration. However the power associated with the ramp up
and ramp down portions can be made extremely small with a truncation length of only
a few symbol periods, the truncation being imposed by causality considerations since

10 the waveforms are normally symmetrical.

The power spectrum of a signal resulting from an uncorrelated sequence of
data would be the same as the energy spectrum of the individual symbol pulses.
Correlation of the sequence of data would cause some attenuation at certain frequencies

15  but would not cause spectral spreading of the signal. If each transmitted burst is
generated in accordance with the system of the invention by convolving the finite
length data sequence with the symbol waveform, the spectrum of the burst would have
the same spectrum as the continuous signal. Although the length of the symbol
waveform would cause power to be transmitted for a few symbols before the first

20 actual symbol instant (the centre of the pulse), this is all the ramping which is
necessary. In practice this only requires precursors of two or three symbols which is

very much less than is required in conventional schemes.



if they are the only stations able to act as relays for the existing calls.
By this nethod, the existing relayed call nmay suffer a transm ssion
break-<in one direction equal to tw ce the frequency settling tine
plus the time to send a CQL nessage and receive a response toit.
NeveT t hel ess whigdnydss! still be less than the transm ssion pepebsguessei ded
by call 10 interruption in the other nethods descri bed.

Where nobile transmitting and receiving stations are to be used in the 15
network, each nobile station is associategguth a home base node at which a
nor mal fixed transmtting and receiving station is |ocated. Wen
swi tched on thenmu._smﬁhmmtation transmts registration packets to
its home station at regular intervals, say once every ten m nutes,
these registrati on packets being relayed through normal fixed

stations within the network where necessary. The transmtted registration

et Tying the Tir st Toeapraprance o ol Bl fopis, oGRHy” rBrglng oo

thus will indicate tq the hone station the, approxi mte Ioca?l on of
the nobile st atSyBFhronisation of aglack signalised o detesmingthe.timing of ther sampling of the
station. Such registration of the |ocation of the nobile station

wi |l be updét edﬁl@:eqirchggq signal o Jhe conventional technique for controlling the clock signal
uses the zero crossings of the received waveform to synchronise a local timing

oscillator using a phase locked loop circuit. In this case the bandwidth is a compromise

between smoothing of the random timing variations of the zero crossings and the speed

at which the phase locked loop can acquire lock. The fandom timing variations are

10  caused not only by the effects of noise but also by the fact that the zero crossings occur

at times dependent on the data sequence being transmitted. Thus performance is

limited in such a system even in the absence of noise.

Orthogonal moduiation of the transmitted signal means that the symbol

15  waveforms obtained from the received signal after filtering are such that each symbol
waveform determines the signal value at one, and only one, sampling point in a regular
sequence of sampling points. Although the symbol waveforms overlap, all but one of

the symbol waveforms will be zero at each sampling point. Examples of modulation
formats for which this is true are QAM, QPSK, and pi/4 DQPSK. Appropriately

20  baseband filtered signals sent over an FM or PM channel could also be included.

If limiter discriminator integrator techniques are used for reception of any

form of orthogonal PSK signal or correct amplitude scaling (AGC) signal used with
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y—+ecei-pt—ef—the—registratiomsrgnals by the hone station.

Al'l call requests to the nobile station are directed initially to the home
station which then relays such call requests to the nobile station in the
nor mal packeWO9MI3333 radi o npde using, where necessary, thePGHEBI6OIP 5y
station (which is close to the nobile station as indicated by the
regi stration information) and possibly other stations to relay t he
call request to the nobile station. Receipt of the call request relayed in

%[‘LE on, and, ﬁnﬂ%‘j%ﬁﬁﬁ'ggﬁ%{? if%;*% %E’“P %%Egﬁ%ﬁﬁqé‘riﬁ%gﬂi (©
., ' 1 '
Stati on 1o 1 e Bk sleB bl aitont A€ ot of Fites A 0 N8B P

1 the calling station is closer to the nmpbi|e statiaon _than_ the
hone station, $@earticdanvalyg (x. x)) determjiping the sygbol regeived.  As showndp Figwedlyei ng
rel ayed by way of the hone station. It should be noted
t hat " such r out whighiia argraph of thetsignah k lagaigstitime ¢ shomingom chagge in- the valueefok t o
accept a call is a preferred feature used in the network as a whol e as
ot herwi se, 5  betweeni tivosahpling pointsn the\signal x willtbednt ertordy aa ampontrdysié theactuabaci t y
on the stations to be used in

sampling time t, 1s in error relative to the correct sampling time t. by an amount dt.

If the error v and its time derivative dv/dt (which is the same as the time derivative
dx/dt of the signal) are measured, the timing error can be estimated as dv/(dv/dt) and
this quantity can be used to adjust the phase of the timing clock signal. However in
10 the presence of noise disproportionate errors will occur will occur if dv/dt is small.
It would.therefore be preferable to scale the adjustment amount by a factor of dv/dt|,
the magnitude of the slope of the signal, which results in an adjustment amount of
k.dv/sgn(dv/dt) where k is a weighting factor which will be greater the smaller the -
slope and sgn(dv/dt) represents the sign of dv/dt, so that the adjustment amount can
15  also be written as k.dv.sgn(dv/dt). The timing of the clock signals based on such phase
adjustment is superior to the conventional zero crossing technique since, although the
adjustment will be degraded by additive noise, it will be unaffected by the data

sequence in the received signal and a major cause of timing jitter is thereby eliminated.

20 Figure 12 is a block diagram of a pi/4 DQPSK receiver utilising such phase
adjustment for controlling the sampling timing. In this receiver a received signal x is
supplied by a receiving section consisting of an antenna 80, a tuning circuit 81

provided with a local oscillator, a matched filter 82, a limiter 83, a discriminator 84



relaying the call at the tinme that calling is initiated, unnecessary

congesti on of

t he networ k woul d be caused by the fact that su

stati.ons woul d be reserved for use whil st t he tel ephone at th
called station is ringing and remai ns unanswered. 20 _
In the descrihad, susgtem each transceiver transmts and recepyRposisasdone same

WO 97/ 13333
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frequency, and it is therefore essential-2ke suppress the transmt sig

a | arge anount

in order to ensure that this does not interfere

ch
e

nal by
with

the reception and a syenbol imegraton8sie The signal x BGapplied both tolam dnalopesoidigital The
transmtter output nust therefore be attenuated by much nore t

the radi o transmenst 86kandasb i diffesehtiatb81 follswdlbyQf cofiplrafir $8! e obidit 6Fthe

Where swtching fromtransmt to receive node nust be fast, that is

significantly

i npossible, to turn osci

frequency as i

. " Ot E o Lo
dofivéiter 86 is lagi?rfaslawai‘d, the ?fdgggxg{:gfcaﬂtsbﬂ' ixfg,'h:i'pt of which"@e

on Oor o their

pl aces stri nge'% re {ﬁ{"%/%frri;eﬁ%tg aslhgﬁp{hgzéégéﬁ éﬁb%%@%@ﬁ%ﬁ%mgg%ggé%

swi tching getwe

10

15

20

an((alnare outputted from the circuit as the received data (x,, x,), whereas the least
significant bits of the output of the converter 86 constitute the two's complement of the
error amount dv. The output of the differentiator 87 is the time derivative dv/dt of the
signal error, which is equal to the time derivative dx/dt of the signal. and the output
of the comparator 88 is a digital signal representing sgn(dv/dt). The process of
multiplication of the signal error dv by sgn(dv/dt) corresponds to takmg the two's
complement of dv if dv/dt is negative. Thus multiplication of dv by sgn(dv/dt) can be

approximated by supplying the least significant bits of the output of the converter 86

han
5

efore

r

and the output of the comparator 88 to a set of exclusive - OR gates 89 to provide an. -

output corresponding to the one's complement of dv which approximates to the two's
complement (with only an error in the least significant bit). The output of the gates 89
is supplied to a counter 90 provided with a crystal frequency reference oscillator 91
which in tum supplies the clock signal to the analogue-to-digital converter 86 by
counting down from a high frequency reference provided by the oscillator 91. The
counter is reset by application of a reset signal supblied by an inverter 92 which
receives an input from the gate 89 associated with the most significant bit of the least

significant bits output from the converter 86 for controlling the clock signal.

Gain and offset errors in the signal x can also be a major cause of problems



the transmt and receive nodes in such transceivers. 10

Accordingly, as shown in the block diagramof Figure 9, one of the _

f r egueney—st+ghrats—whtreh—t+s—ixed~T0 proauce tne transmt carrier frequency
signal, or the carrier frequency signal itself in the case of an FM
tradsmtter, is derived froma frequency divider 50 conprising a
digital bistaebemmsacuit (a flip flop). Such digital 15 PGI/GBGHRIB0
circuits may be turned off instantaneously using a logic gate. In the
transmt node the frequency signal_froma frequency source 51 is

di vided by two by the frequency df¥Tder 50 and is supplied to a

dul ator 52 in,which the b band si L . t d
o odul at ot heghpin bt ARFHRRe rolgion of nits ROBSK A AP millubver U35
to produce a npdul ated si | for anplification by an appl.ifier 53 and
traP\sm' gsi on Wu wﬁ@%’ g‘l‘“‘?‘?@“ﬁp WISH':‘QC}"FIéE'&Wy gwﬁqurl OMPepsEng

ant enna 55. When the transceiver is to be used in the
recei ve node, forsuch ememi (Theoffsetasror can be approximated by thesleasysigaificantibitsof t he
receive position, as shown in Figure 9, by application WO
97/ 13333 the output of the analogue-to-digital converter 86, that is those bits other than the data

PCT/ GB96/ 02380
S  bits, so that offset error compensation can be obtained by using these bits to recursively

adjust the offset level. This can be done by supplying the least significant bits to an
accumulator or up/down counter 93 which counts up when the offset estimate is low
and counts down when the offset estimate is high, and by supplying the resultant signal
to a digital-to-analogue converter 94 and a potentiometer 95 which controls the offset
10  of the signal x. A more sophisticated system would be to use all the error bits and

adjust the offset by an amount proportional to the error.

In order to provide gain compensation, use is made of the fact that the gain

error may be approximated by the error given by the least significant bits of the output

15  of the analogue-to-digital converter 86 divided by the voltage corresponding to the
symbol in question, and the fact that the performance will be very little different if the

sign of the symbol voltage only is used instead. This approximation is easy to
implement as division by the sign of the symbol may be achieved by passing the most
significant bit of the output of the converter 86 through a set of exclusive - OR gates

20 96 with the least significant bits as shown in the figure. The output v.sgnx = v.x, of
the gates 96 is supplied to an accumulator or up/down counter 97 which is connected

to a potentiometer 98 to effect the required gain error compensation. However

allowance would have to be made to the fact that the system could adapt to a false null



-17- of an appropriate control signal, and at the sane tinme the
control signal is applied to an inhibit input connected to a logic
gate-within the frequency divider 50 so as to inhibit the transmt
carrier frequency signal. The fact that the carrier frequency is not
present in aggéhsige input signals to the circuit and is @gr:peg@ssnat ed by
t he non-1|inear g bi stabl e operation of the flip flop neans that the
carrier signal is conpletely turned off by this operation. This does
not renmove the necessity to turn off the2a-ansmit anplifier 53 as
this would otherwise still anplify any noise signal, but the requirenents
for t ur poimgf thiefallowable range bf paramBtessrweasrtoe largeess st ri ngent t han woul d
ot herwi se be the case. The received signal of the same frequency is
supplied by way of the switch 54 to the 10 receive anplifier 56 and
hence to the receiving section of the transceiver. Transmtter

Modul ation Ranping e same principle, 1e mm:%hﬁﬁ@uie*eﬁotamémpm@ tinfe, tniad e t t ed
in such a systemin short bursts, nmeasures nust be taken to prevent

the t t

(e Lransient gl el ng*%*%%"%%%‘%‘s%?‘?iﬁgﬁ@ﬁ%'ffsﬁé“ée T
dj t | s ti f.th
SIS E e 40 B R T B
ﬁ};f | clency. tai”d Dis peiar.cch ag@ ey ﬁgﬂamﬁgapg?o?mﬂﬁ%ﬁ”ﬁ vl be’ Sected 16 avoid 2P

unnecessarily lengthy calculations. However even the simplest approximation using

a constant magnitude of adjustment is found to perform adequately in practice.

10



20 transm ssion bursts in order to m nimse spectral spreading.

As opposed to the nore established constant envel ope schenes, known |i near
noeHat-er—systens—have—emabted ortnogonal nodul ati on (i n which each synbol
WD 97/ 13333

PCTY GB96/ 02380 - 18-

wavef or m can we9ntaa3si ved i ndependent|y of all other synbol PENEBWRSP (o
approach the theoretical l'imts of bandwi dth efficiency. However the
use of frequency nodul ation type epyel ope shaping for such systens
has been clainmed to cause substantial spectral spreading of linearly
nodul at ed burst node signals. Wil st oynghP§ 5 anpl i tude nodul ation of
the linearly nodul ated signal associated W ranpi ng up and down
woul d appear to necessarily cause sone spectral spreading, it is submtted
t hat such known systens utilise an incorrect approach to the

problem | eaning too heavily , on.the approach whi ch must be taken
wi th’ const ant dnvel opé Wf@ﬁ%.g and reggiving station for & w}ﬁ@“’ﬁﬁ‘ﬂﬁ?@f’i'ﬁﬁ“’%"&‘f’em in
~accordance with the invention uses an apgr oach which results in very
short ranp up avhichcoplpralityrafsuch stations arede bapravided ahmnderalytdigtributed locations -

5  and in which switching circuitry is provided within the stations themselves for routing
of calls between stations in the network utilizing other stations in the network for
relaying of such calls where necessary, which station incorporates call routing control
means acting to select a further -siation to which a call is to be transmitted for the
purpose of relaying the call and comprising:

10 (a) interrogation means for transmitting an interrogation signal to be
received by other stations in the network within range of the transmitting station;

(b) acknowledgement means for transmitti.ng an acknowledgement signal
when the station is available for relaying a call in response to an interrogation signal -
received from another station, the acknowledgement signal being transmitted after a

15  delay which is indicative of the suitability of the station for relaying the call towards
its intended destination; and

(c) station selection means for selecting a station for relaying a call on the

basis of receipt of an acknowledgement signal from the station after the least delay.

20 2. A station according to claim 1, wherein station location means is provided
for indicating the distances of the station from other stations in the network, and delay
means is provided for delaying the transmission of the acknowledgement signal by an

amount which is dependent on the distance, as determined from the station location



spreading at all. By contrast with the known systemi N whi cn “ﬁ
and down is effected by overail anplitude nodul ation m Hﬁm”uﬂm |
nodul ated signal, this system i nvol ves generating for*eath 'syfbolf o
the data to be transrritted a respective 15 synbol wavef orm having ranp

upsand ranp %‘Wn tions of limted duration. A S PET/CRIsA23sBUC h
synbol wavef ors Ich overlap in time, such as the waveforns 61, 62,

63 and 64 shown in Figure | 0a representative of the digital synbol sequence
1101, are conbined within a tran‘s%‘éTsaI filter 70 as shown in

Figure 10 in order to produce a mhi ned wa form 60 VI ng ranmp up
and ranp down [SARs, eﬁ@e@@nah&mmhsmmwga '“Z'S‘“‘“EP&S dheedller ot i on

of the combi ned waveform by convol uti on of a stream of i mpul ses
representing the data sequence with the individual synbol wavefornms can be
I npl ement ed using precal cul ated stored waveforns or calculated in real tine
using a 3. di gi t Alstatibgaszbrdingac ekinw?2, Whéreio\wbstatly logationmeans fis provided
filter. The output of the WO 97/ 13333

PCT/ GB96/ 02380 for indicating possible call routes which are blocked at stations otherwise-adéilable for
transversal filter 70 1s then supplied to a nodulator 71 in order to

modul ate a gar rr%lﬁw@n% a call ana' ﬂﬁﬁm@faeiemgﬁe&pmeém foOdeRérREHIAE the RGitabRlfty of ed
l'i nearl y m)dul a Ignal f
the station for relaying the call from the data provided by the obstacle location means
and the station location means and for determining the amount of the delay to be

applied by the delay means in dependence on such suitability.

10 4. A transmitting and receiving station for a telecommunication network in
which a plurality of such stations are to be provided at randomly distributed locations
and in which switching circuitry is provided within the stations themselves for routing
of calls between stations in the network utilizing other stations in the network for
relaying of such calls where necessary, which’ station incorporates call interruption

15  means acting to interrupt an existing call which is being relayed by the station for the
purpose of receiving a new call to the station from a further station in the network and
comprising:

(a) call monitoring means for receiving, during intervals of times between
the relaying of speech or data signals within the existing call, an interrupting signal

20 indicating a call request to the station from the further station; and

(b) call accept means for interrupting the relaying of the existing call by the
station in response to the interrupting signal to enable the new call to be received from

the further station.

Sheet Has Been Replaced
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transm ssi on. 5 The synbol waveforns are th |

infinite duration so that an approxi mation i s made byﬂ!ﬂmmi‘ﬂ“&wm“‘
eaeh-rwaveformto—provide Tanp Up ana ranp down portio '} *
duration. However the power associated with the ranp up and ranp
down portions can be made extrenely small with a truncation | ength of only
a few synbol woe7nasa3ds, the truncation being i nposed by caus®QF

consi derations since 10 t he waveforns are normally synmetrical .

The power spectrum of a signal resulting.bram an uncorrel ated sequence of
data woul d be the sanme as the energy spectrumof the individual synbol

pul ses. rrel ati fackd?@i u f ; mgmg
% X fsﬁﬁoﬁ’ n§e£%5€lﬂﬁtﬁu4§[2 ‘v’foﬂﬂ?ﬂ %?@ause pegp?glms

attenuation at “certain frequencles

spreadi ng of th i | . h tr ' i . r@%gp in
accordance wit H&ﬁ?@%ﬁé&m&nﬁ%&?ﬁ\%%%ﬁgﬁ%ﬁ%ﬁﬁﬁa nf'ﬁ'eE§ | gi ?

| engt h data se nce with the synbol veform .the spectrumof th ur st
woul d have %gleect[sr.pél g‘éﬁ%““é’ﬁé&#ﬁf 5@%‘% “3%%?9?%0‘3@ ’é\dgﬁ‘éltge ﬁmﬁggﬁ t he
| engt h of the synbol . waveform woul d cause power to be transmtted

for a few synbdiempivespyte being svailable, retoutes therexisting ¢all ko enable thefew Oentre

of the pulse), this is all the ranping which is necessary. In
practice ths areejveddrpm thefusthesstaionr s of two or three synbols which is
very much less than is required in conventional schenes.

6. A station according to claim 4 or 5, wherein the call interruption means
includes null transmitting means for iransmitting null packets indicative of gaps in the
speech or data signals being transmitted within the existing call, the call monitoring
10  means being adapted to receive said interrupting signal during transmission of said null

packets.

7. A station according to claim 6, wherein the call monitoring ‘means is adapted
to receive said interrupting signal only after transmission of a sequence of null packets

15 has ceased.

8 A mobile transmitting and receiving station associated with the mobile station

utilizing other fixed stations in the network for relaying of the registration signals

where necessary such that the base station receives an indication of the approximate

20  position of the mobile station from the location of the first fixed station used in relaying
the registration signals; and

(b) call reception means for receiving a call from a further station in the

network relayed by way of the base station and routed towards the mobile station by

“This Sheet Has Been Reilaced
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Eg:;Il-/E‘JG\?g?/ gleﬁgﬁr oni sation The performance ()HﬂglL“‘lJJll!glr!lt“!ll“ l!"

receivers depends critically on the synchroni sation of a cl ock

si gnal used &@,%?L“’m ne the timng of the sanpling of thepcpcroshziseer ed
recei ved signdl." “Ttie conventional technique for controlling the clock

si gnal uses the zero crossings of the received waveformto
synchroni se a local timng osci | T&8dr using a phase | ocked | oop
circuit. In this case the bandwdih is a conprom se . bet ween

snmoot hi ng of MW%%‘@%?W”BM‘F@ Qfé“%me?‘éfsg?q?&@&m he
speed at which the phase | ocked | oop can acquire | ock. The random
tining vari at ibyrthe ssgistration sigeals;aad fabinitiating renting/af the calkbackdp %F@@%ut

al so by the fact that the zero crossings occur at tinmes dependent on
t he data sequaasion fsllowdng acgeptarice bEthe caius performance i s limted in
such a systemeven in the absence of noi se. Ot hogonal
nodul ation of the transmitted signal neans that the synmbol 15 waveforns
obtained fromthe received signal after filtering are such that each synbol

5 9. A transmitting and receiving station for use in a telecommunication network,

comprising signalling means for transmitting and receiving signals on the same
frequency, transmitting means for transmitting signals by way of the signalling means,
receiving means for receiving signals by way of the signalling means, and switching
means for switching the signalling means between the transmitting means and the

10  receiving means in response to a control signal, wherein the transmitting means
mm a frequency source for supplying a frequency signal, bistable circuit means
for producing, b}.l frequency division of the frequency signal, a carrier frequency for
the signals to be transmitted, and inhibit means for turning off the bistable circuit
means to inhibit the carrier frequency in response to the control signal.

15 |
10. .A digital transmitter for transmitting digitally modulated signals in short
bursts, comprising symbol waveform generating means for generating for each symbol
of the digital data to be transmitted a symbol waveform of limited duration, waveform
convolution means for combining a series of such symbol waveforms such that each

20  waveform is delayed with respect to and overlaps a previous waveform, so as to
produce a combined waveform representative of a sequence of symbols of the digital
data to be transmitted, and signal modulation means for linearly modulating a carrier

waveform with said combined waveform so as to provide said modulated signals for

This Sheet Has Been Replaced
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wavef orm determ nes the signal value at one, and only one,
I n-a regular sequence of sanpling points. Al though tigimﬂlﬂﬁmn !Ll |“|
wa-ef-ors—overtap, —att—but—oneor1 The synbol wavefor

at each sanpling point. Exanples of nodul ation formats for which

thi’s is true are QAM QPSK, and pi/4 DQPSK. Appropriately 20 baseband
filtered si gW@%M8¥At over an FM or PM channel coul d al so BETGRE$ARIEY.

If limter discrimnator integrator techniques are used for reception of

any form of orthogonal PSK signal~gg-correct anplitude scaling

(AGC) signal used with WO 97/ 13333

PCT/ GB96/ 02380 transmission in short bursts without producing substantial spectral spreadihg, but

QAM nodul ation, the signal x in the absence of noise will have a value - -
(x[err], X[err] witbutWchse of 16 Akl Md&ﬁhﬂhaﬁrﬁ'v&%ﬁﬁnﬂom anong a finite
set of values (1,1), (1,0), ( 1) and (0, 0), the particular val ue
(x[err], x[err]) determ ning the synbol received. As shown in Figure II,

which is a graph of the signal x against time t showing a change in the

val ue of x 5 bet wegn 28 | i JntS {‘FE I error
by an anount dVlllf t hega%%%gl Ver f‘89 n{ﬂ% ?‘fﬁ rré‘a?\flglﬂl ?'EW@L ?1&1 ﬁsénrg
relative tof here%gxrvgnegcgnegnsngrlregel\gx}lge thé thl y tt)t}/odaﬂle% s1gna.is and for producing

therefrom symbol signals indicative of symbols within the transmitted digital data,

sampling means for sampling the symbo! signals at sampling points determined by a
clock signal in order to provide a received data output signal corresponding to the
transmitted digital data and an error output signal, and sampling synchronisation means
10 for synchronising sampling of the symbol signals by the sampling means by adjusting

the timing of the clock signal to minimise the error output signal.

This Sheet Has Been Replaced
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If the error v and its time derivative dv/dt (which is the sane as the tine

deri-vative dx/dt of the signal) are neasured, the timng error can
be—esttmated—as dv/(dv/dt) and This quantitty can bé used to adjust

the phase of the tinming clock signal. However in 10 the presence of
noi se dlsproséi%hégfte errors will occur will occur if dv/dt is snal
It would the e preferable to scale the adj ustment amSHEBIS/2380 f act or

of dv/dtl, t he magni tude of the slope of the signal, which results
in an adjustnent anount of K. dv/s [Kfv/dt) where k is a wei ghting
factor which will be greater the snaller t’he sl ope and sgn(dvl dt)

represents the sign of dv/dt, so that the adjugnent ampunt can 15 al so

be witten as k.dv.sgn(dv/dt) The tlﬁing of the cToe d on
such phase justment is superior to the conve Ccrossing
t echni que since, ough the adj ust nent mnll/be egr adedsby
additive noi se, |t vmﬁﬂ‘-be unaf f&ct ed by the data gquence in the
recei ved signal zgd a maj or cause of mng jitter Lé there?& el i m nat ed.
20 igure 12 is a bl ock dlagL§n1of 49 DQPSK r ecei ver
utilising such phase A adjustnent fo G$§} i ng t e sanpling
timng. In this receiver a receigNed S|gnal plied by a
recei ving section consigting of an antenn —C|rCU|t 81
provided with a | ocal os |IIatoL/,_ tu4§fllter 8 alimter 83, a
di scrimnator 84 A
- _'_——'_‘A
A\.\ /
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and—a—synbot—mtegrator 85, The srgnal X 15 suppl1ed both.to an T
anal ogue-to-digital converter 86 and to a differentiator 87 foll owed
by 4 conparator 88. The output of the converter 86 is a digital

word, the nosWOSg3a38i cant bits (x[err], x[err]) of which aPET/GB96/02380
representative of the value of the received synbol provided that the
scaling is correct 5 and are outputted fromthe circuit as the received
data (x, X,), whereas the |east sZghi7ficant bits of the output of
the converter 86 constitute the two's conpl enent of the error anount
dv. The out put of the differengiftor 87 is the tine derivative dv/dt of the
signal error, which is equal t&61he tine derivative dx/dt of the signal.
and t he out put of the conpdrator-88 s _a digital sigpal representing
sgn(dv/dt). The process of 10 tiplicationmof the signal error dv by
sgn(dv/dt) correspordd, to t/aki‘ﬁg fre {wo's __\ conmpl enesit of dv if dv/dt
i s negative. Thus mult|plicatipn of dvay s/gn—(dv/-ai Cangbe

approxi mat ed by suppl yi¥g the,l east si gnl\f/i cant 't\g of t out put of the
converter 86 apd t he qut put 2d¥ rya\corrpa or, 88 hi‘\set of
exclusive - OR gates ;89 to provide an \ out put }or pohdi ng to the
one's conpl enent of igv i hlapproxi

(with only an error §n the’/l dasggys+gnifi cant
89 i's suppl ikd to a cQuiter od provided
reference oscillator'ol \ Which i n tu/n suppli 1he clock signal to
t he anal ogue-to-digit\al convertel 86 by / counti ng down/from a high
frequency reference provided by tke_osc\ | I/at@/e . The counter is
reset by application of\a reseb

~

0
the twols 15 ,&&onpl enent
W The of the gates

a crystal, frequency

i gnak~ red i 4 92 whi ch
S|gn//sqﬁp+ ed b an i nver g€r ic

— - O\\\_//

FIG 3

~ 7




20 receives an input fromthe gate 89 associated with the nost

significant bit of the |east significant bits output fromthe
converter—86—for—controttTmgtie CroCcR of gnar. Gin and

offset errors in the signal x can also be a major cause of problens
WO 97/ 13333

PCT/ GB96/ 023380 97/13333 PCT/GP%/02380

when using limter discrimnator reception of pi/4 DQPSK as well as for

mul til evel QAM schenes, and further parts of the receiver circuit
are provided for conpensating foB dudh errors. The offset error can
be approximated by the least significant bits of t he output of the
anal ogue-to-digital converter 86, th 2is those bits oth than the data
5 bits, so that ofiaet er}lﬁ conpensyti on can be obt ai by using these
bits to recursively agj ust theloffseBf) evel. This fcan be done by
suppl yi ng the | east si%ca t bits td-e———*——-xccumulator or up/down
counter 93 which counts udMwhen the of {ke estinmateiis | ow and

2]
counts down when the of f set=esTHTErT! ﬁ’hrg’h’,'-""ﬁ-ﬁa'-ﬁylsupm YOt he
resul tant signal ta a digital - b anal ogue ca‘)r}werter 94 and a
potentioneter 95 which contirol s the offset 10 of itthe signal k. A nore
sophi sti cat ed systemi\@ul dibe to use all the error E)i;ts and !
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adj ust the offset by an anount proportional to the error.

In erder to provide gain conpensation, use is nmade of the fact that the
gatf— eror—nay beapproxXT Mated by tnhe error given by the | east
significant bits of the output 15 of the anal ogue-to-digital converter
86 divided by the voltage corresponding to the synbol in question,
and the fact WQauIdpe perfornmance will be very little dlffe?‘é'HF ?‘ﬂ”

sign of the synbol voltage only is used instead. This approximation |s easy
to I npl enent as division by the é ? 8Pf t he synbol may be achieved
by passing the nost significant f the output of the converter
86 through a set of exclusive - OR gates 20 96 with the | east
significant bits as shown in the figure. The output v.sgnx = v.x[err] of
the gates 96 is supplied to an accunul ator or up/down counter 97 which is
connect ed to a potentioneter 98 to effect the requir gain error
conpensati on. However aghowance woul d have to be mad the fact
that the systemcould adapt to a | se nB2 WO 97/ 13333

PCT/ GB96/ 02380 0 - p4-
point if the allowable r%p?e of parpneters ﬁ?s-Lg“J4ﬂ4¥§

28

s
0
|
|
A

FIG 8

S>> R)«—>B) QD)



The sanme principle, i.e. mnimsing the error at the sanpling tine, may be
used i n denodul ators based on digital signal processing with the difference
t hat—as—the——5—output—of —a dargrrar_stgnal processi ng di fferential
denodul ator woul d be in Cartesian rather than pol ar coordi nates,
sonme form of approximati on woul d be needed to avoid unnecessarily

| engt hy cal cWVRBTAHB However even the sinplest approxi mati BAM/GE6Z380

a constant magnitude of adjustnent is found to perform adequately in

practi ce. 10 M&C Folio N%rl\iP | O 25
CLAI Ms: 15 Atransmtting and<4etelving station for a _
t el ecomruni cat i 5network in whichog? plurality of such stations are to
be provided at  jandonly gjgstri but ocations and in 5 which switching
circuitry is pgovided st hin the _sjations thenselves for routing of calls
bet ween statiofis {fn_t ] isikhg other stations in the network for
rel ayi ng of $t¥h G eceSsary,S2haracterised in that the
station (6) incorpards i nterruption nmeans (16) acting to

interrupt an existiflg calll whPd rellayed by the station (6)
for the purpose of rjecei Vi 5 [ o the qtation (6) froma further
station 10 in the lnetwo Ng: - (a) call
nonitoring neans (3Q) fo dur kRg-d=i-drval s of time between

the rel ayi ng of speéch or ta signals wi t hifh the existi ng call, an
i nterrupting signal |(34) indicating a cdall reqgggat to the station (6)
fromthe further stgtion;—ete -b—qaf| accept neans (36) for

\1
interrupting the relfayi ng of thelexi sti§§+?all Jy the 15 station (6) in
response to the intgrrupt|ing sig[’al (3 t'g enaljl e t'gﬂFGnewgcall to be

|
—_ 1Y

L° 170-5 f
fc

FIG_10
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received fromthe further station. 2. A station according to
claim 1, wherein the call interruption neans (16) i ncor por at es
res | onse to recel pt of the in{érrupting signal
. (34), selects an alternatlve route for relaying the exiting call and,
in tthe event of an ~alternative route being avail able, re-routes the
exi sting cal | WO97a¥3Bl e the new call to be recei ved f PEHGBAGOB { her
station. 3. A station according to claim1 or 2, wherein the
call interruption neans (16) 25 includes null transmtting neans for
transmtting null packets (35) i ndi cat i ®e /of gaps in t he speech or
data signals being transmtted within the existing call, the cal
nonitoring means (30) being adapted to receive said interrupting
signal (34) during transm ssion of said null packets (35).
M&C Polio No NOFOLI O 6 4. A station according
to claim3, wherein the call nonitoring neans (30) is adapted to
receive said interrupting signal (34) onlly after transm ssion of a sequence
of nul | packets(35) has ceased. | o 5. A nobile transmtting and
receiving station for use in a tel ecomunj cati on network in which a
plurality of transmtting and receiving sgations are to be provided at
randomy distributed | ocations and in whih-swtehkipg-circuitry is provided
wi thin the stations thenselves for rputing of Talls between stations
in the network utilising other statfpns in thef network for relaying of
such calls whe necessary, the nobile stgion 10 cCQnpri sing:
(a) regi stration neans for transmttinggregi stratj An signals to a fixed
base transmtting and receiving st on assocjated with the nobile
station utilising other fixed statifomp in the network for relaying of
the registration signals where necessary gych that t he base station
recei ves an indication of the approxi pef posiTionof The nobile station 15
fromthe location of the first fixee staq on used in relaying the
regi stration signals; and (u) call reception neans for
receiving a call froma further ¥ t he




network relayed by way of the base station and routed towards the nobile
station by the base station on the basis of the approxinmate position
of—+he—ebirte——statton—dicated—1oy The registration 'signals, and or
initiating routing of the call back to the further station 20 follow ng
acceptance of the call. 6. A transmtting and receivig station
for use in aMeTE3WAnuni cati on net work, conpri si ng S|Pﬂé?q’glﬁz3%ans
(55) for transmtting and receivng S|gnals on the sane frequency,
transmtting nmeans (50, 51,52,53) for tr nzn%tting signals by way of the 25
signalling nmeans (55), receiving neans ?5 for receiving signals by way of
t he signalling neans (55), and switching neans (54) for switching the
signal li ng means, (55) bet wee he transmtting nmeans (50,5.1,52,53)
and the receivinggfQeans (56) in.resphonse to a control signal, wherein

the transnmittind neans (50, 51 , 53] incoporates a &Semuency source
(51) for supplyijng a frequencyysi gngl, bistable c8gcuit ans (50) for 30
produci ng by fr quend&1divis}p% of tYe frequency s gnal, carrier
frequency for MRC Pbi o No NOPQ 27
signals to be ed, and_ihhibit{oeaps for gurnl ng of f] bi st abl e
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(57) Abstract

A plurality of transmitting
and receiving stations are pro-
vided at randomly distributed lo- 2 3,
cations within a telecommunica- ] '
tion network, and switching cir- Vo~ 24
cuitry is provided within the sta- > ~
tions themselves for routing of
calls between stations in the nct- 22,
work wtilizing other stations in T 7 / SN
the network for relaying of such b4
calls where necessary. To this
end cach station (20) incorpo-
rates a call routing control unit
acting to select a further sta-
tion (21) to which a call from
a source S to a destination D
is to be wransmitted for the pur-
pose of relaying the call. The
call routing comtrel unit trans-
mits an interrogation signal to
be received by other stations in
the network within range of the
transmitting station (20), and the
call routing control unit of each
of the other stations (21) trans-
mits an acknowledgement signal
when the station (21) is available
for relaying a call in response to
the interrogation signal received
from the station (20), the acknowledgement signal being transmitted after a delay wluch is indicative of the suxtablhty of the station (21)
for relaying the call towards its intended destination. ‘The call routing control unit of the station (20) then selects a station (21) for relaying
the call on the basis of reccipt of an acknowledgement signal from the station after the least delay.




