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CASE NO: A24382
TO QvemD

The presént invention rei?;es to a2 radio system, and
in particular, though ﬁét exclusively, to a
quasi-synchtqnous radio system3J'

A simplified example quf a quasi-synchronous,
bi-directional radio system;-is shown schematically in
Figure 1, where a control centre 1 is connected by fixed
links (A,B,C,D) to transceivéf'(sometimes referred to asn

transmitter) sites 2,3,4,5. The system of this example is

bi-directional permitting twofﬁay communication between a
mobile & and the control centré”l via the transceivers.

In a  quasi-synchronous system transmitter
(transceiver) sites all raqiate the same signal on
nominally the same radio ch?ﬁnel. Such systems are
suitable for wide area coveraé@_over a limited number of
radio channels, sometimes only a single channel, and so are
often adopted by police, fire géﬁwsimilar utility services.
Geographical considerationsffuand transmitter power
restrictions, for example, often mean that it is not
“:'?the area served by such
so the multiple

possible to achieve coverage
services with a single transmitter site,
transmitter'site configuration:'of a gquasi-synchronous or
synchronous radio system is appropriate. ‘

In a quasi-synchronous : stem the radio frequency
: %of each.pther, while the
remains synchronous. This
where the coverage of two
p, a mobile will receive
In such circumstances the
tly synchronous not to
‘synchronous radio system

om all transmitters are

carriers are within a few Hert
modulation imposed on the carzi
is necessary because in regiof
neighbouring transmitters over
signals from both transmitters
two signals must be suffici
destructively interfere. In”
where the signals radiated




The present invention relates to a radio system and in particular, though
5 not exclusively, to a quasi-synchronous radi o system A
sinmplified exaﬂhkmmaﬂhaBaﬂaSWﬁﬁynchronous bi - dlrectlonal radio systemis

showh schematic I 1 -where a control centrg
fixed Iin radlo transmitter sites 'GﬂaﬂﬁEﬁﬂHﬁ%ﬁEEN
bi di recti onal sys enlsuc '

" this exanple, the ridio RFBHAGERers
may be referred to as transceLvers, and in this 10

-

Specifircation the

term "transmitter" includes tramsceivers).- 2The system of this
exanple is bidirectional permtting two way communi cati on between a nobile

station 6 and the control centre 1 via one of the radio transmtters 2, 3,
4, 5. idengical ghasth s iRARAATOUS NG jot BAFTLEHLST AFanSFARERL tTed
(transceiver) odesaé@ldame Zrequency, che same circumstances may occur.
In a quasi-synchronous *adlo system the necessary
accuracy of radio carrier frequency can be provided by
using accurate ovened osclllators at the transmitters. The
synchronisation of the - modulatea signals between

neighbouring transmitters _-aulres, typically, an accuracy

W

of:
AM systems: maximum amplitide differential 3dB

10 maxlmum phase dlfferential 300
or 0. 018f0 . _
wnlchever is greater -
A (worst case 50 microseconds)._
FM syetems: maximum amplitude”differential 2B
maximum phase diffeiential 100 or 0.007fe°

e
(3]

whichever is greater
(worst case 20 microseconds)
To achieve this degree of matching it is necessary
that the amplitude and phase transfer functions of fixed

20 links between the control centre and its transmitters

differ by no more than these llmlts across the audio band

(300Hz -3400Hz). One solutlon :to this problem is to use
fixed radio 1inks between the control centre and the
transmitters at either VHF or microwave frequencies. These

[ ]
(V]

easily for any differences in their path lengths. Analogue
land lines have also been used, but equalisation becomes
~can be poor.

It would be advantageous h#be able to use a digital
“links, for example the

30 data network to 'provide the’
Megastream (registered 'tradefi@ark) service offered by
British Telecom which providééjeustomers with 2.048Mb/s

53 Other examples of

digital paths between pairs of.sites.
digital data networks which could be used are Kilostream
35 (registered trade mark) and ‘ISDN (Integrated Services

introduce constant delay and ein be equalised relatively
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[ [ on nomnally the sane radi o channel. Such systens
radi o

radi ate the same signa
are 15 SU|tabre for-wide ‘area coverage over a limted nunber of

channel's: (s "r;ﬁée%pk?ﬁlceds'“g'e channel), an 'aégss,Hegww«@rﬂﬁam
Bier _

adopt ed by pollce ﬂ }Wl" simlar utility ser

consi derati ons, radi }"ﬂu power restrictlions,
factors, often nean ALl possi ble to achi eve

the area served by such sérvices with a single radio transnmitter site,

so a multiple radi.o transnittér-site configuratfod of a quasi-synchronous
or synchronous radi o' systemis appropriate. In a
synchronous radio system the signals radiated from all radio
transmitters are |de9%9é§Pl|W%£4°44%ﬂxx§% ?%HBSFE~§§rPPEEPHFlaFﬁeV“éFénlexers

20

transmtted on att fé%c&ﬁ”&néfe@ﬁ%ncdb)glﬁﬂ abeaas.r %)amxcm@nauédsy&d eearry a
the radio carrier frequencies of dlffgrent rg ans tera
mﬁthln a few Hertz d?thEﬁYoPﬁer‘aFn fot hREaBELn9 191ta code 1G' Signals.

In general with such digital data networks the connection
is not dlrect, bhut is n*ovzded through a trunk network,
with- customer access ne:.ng via a local ' exchange. A
characteristic of such retworks is that traffic can reach
its destination via more than one route, and the network
has the ability to re-route traffic to accommodate

n

10 equipment failures, traffic fluctuations, ete.

Thls dynamlc re-routi ng facility is such that there is
an unce_:r_.:ta:.nty in the nrovagatn.on delay which will be
e—::peri_e#ce_d. by a s:.gnal travelling between two network

terminagions. The variaﬁion can be of. the order of

15 millisegonds which therefére, apparently, rules out any
possibility of using fsuch networks to support
quasi-synchronous radioc directly.

Acéggding to a first ésnect the invention provides a
radio sYS#em comprising : a central source of signals for

20 transmiééiqn: a plurallty of radio transmitters, each
‘connected to the central sou:ce by a digital data transfer
link each“having a respective transfer delay; means for
injecting - 1nto a channel of a transfer link a test signal
at intended. predetermlned tlmes, means for determining the

25 travel time. of the test s;g“{l over a link by establishing
the difference between arrival time and the intended
predgterm;pgd time of transm%§szon, and means for adjusting
the transféi,delay to at leéﬁt one of the transmitters to
equalise the transfer delayé}to the transmitters, so that

30 signals fibh’the.central sounéé can be transmitted from the
transmittérs-substantially ii:time synchronismn,
characterised in that ther”.'is correction means for
measuring ':a : transmit del;y between the intended

4’ transmission tfme and the actual time of

predetermined
35 transmissipz £ the test 51gnal and for sending the length
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the nodul ation inposed on the carrier is synchronous. This is necessary

because in

Teg10n8mmhe{e -the.coverage of two nelghbourlng radi o

transm-tters overlgn _ .nDbAIe station Wl rpeerye=signal

both radio transmi
nmust be sufficientf
I n a quasi-synchron

ruct |RE§|L)ACEnte rfeffe.
the necessary ac ~—~J

carrier frequency can be prOV|ded by using accurate ovened oscillators at
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of the transmit delay over the ‘transfer link, so that the

adjustment of transfer delay can ke corrected to take

account of the transmit delay.
Preferred embodiments of the invention will now be

described by way of example and with reference to the

accompanying érawings wherein:

Figure 1 is a general schematic diagram of a
ified example of a quasi-sj{nchronous radio system;
Figure 2 1is a schematic block diagram of a
quasi-synchronoﬁs rgdio system of the preferred embodiment

s:..m

of the invention;. o _
Figure 3 is a timing diagram~ illustrating the
operation of the system of Figure 2; - |
Refering to Figure 2, the system of the préferred

embodiment has a control centre 10, which is a source of

and destination for —signals, connected to a multiplexer
A(S51) and thence to a digital data network 52, shown
exemplarily as a 2Mb/s Megastré‘am network. Also connected
to the data network are further"_multiplexers (Mux) B, C, D

and E(56) at transmitters 13, 14, 15 & 16 at various

locations. A test signal source 54, with
associated clock 55, is also cbn_nected via the multiplexer
51 to the digital data netw’_o’_%k 52. The digital data
network 52, serves _four tra’n;sﬁﬁﬁfi.tters sites 53, each of
which has a respective multipié?;‘er 56, an ocutput of which

is connected to a variable delay line 57 which in turn is
and a delay

which unit is
respective

connected to a respective site transmitter,
measuring unit 58 with associaﬁ:éd_clock 59,
connected to receive an oq.t":i:ut from the
multiplexer 56 and connected t¢ f_"-_'_;_’?'rovide a control output to
the respective variable delay fli-fzxe 57.

The operation of the systé_"_;’n will now be described in
general terms. An analogue s:.gnal is fed over the digital
network 52 to:'the various sites 13 to 16. These

. transmissions aﬁé' multiplexed on the 2. 048Mbps digital data
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The synchroni sation of the nodul ated signals between

radi-o-transmtters-typically requires the foll ow ng

ANIsystenB HBX|nun1aan|tude differenti . e
Sheet at Becn Rept | THis SHEET HAS BEEN
l - REPLACED

AT

Megastream), which.connects each multiplexer in
The path length ‘between each site and the

stream (ie.
the network.
control centre will vary accor@ing to the path taken.

The preferred emhodimentﬁdf the invention works to
correct £for these path differences, as follows. At
pre-defined intervals, such asifhe start of every minute or
every second, the test s;gnal source 54 at the control
centre 10 site applies a test SLgnal (either analogue or
digital) to the four test ;channels, 1-4. At each
transmitter site the time of arrival of the test signal.is
identified, and the corresnondﬁhg propagation time from the
control centre is determzned '"Additional delays are then
built into the respectlve szgnal paths at each transmitter
site, such that the aggregate delay between the control
centré and any transmitter is the same.

The maximum delay through dlgltal networks is defined,
and the aggregate delay would be chosen to accomodate this.
Thus, for example, if the maxlmum delay through the data
network were known to be 8ms, an aggregate delay of 10ms
might be appropriate. Then if the delay to multiplexer 2
was 3ms, T2 would be set as 7ms, ete.

This- measurement and comnensat:.on process would be
repeated at regular intervals to accomodate any changes in
propagation delay brought about by re-routing within the
digital data network. -

The operation of the preferred embodiment will now be

described in greater detail with reference to figure 3. The
ntrol centre 10, and each

clock 55, associated with the
of the <clocks 59, at the rious transmitter sites,
synchronously generate a precise time _marker, shown
respectively as 60 and 61 in&&igura 6, at predetermined
intervals, eg every minute or every second. The time
marker is a pulse of 20us duragibn.

As soon as possible folléﬁing the generation of the
for example at the start of the next clock

time marker,
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10,

wor st case 20 mi CT{ig i
. 1t 1Is necessary thh‘“‘l ﬁ
: fixed |inks betwee

* *

maxi mrum phase differential 30, or 0.01 8f[err]

(whi- chever IS greater; worst _case. 50 m croseconds) FM syst ens:
maxi mum anpl i t ude- d1 fferentl

maxi num phase

(whi cheves—is greatar.
To achi eve tHj sHregmeEr 9hs BRER)| Ng
phase trangfer fREPLAOEB of
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cycle, a test -signal is t*an"s':"mit"ed by the test signal
source 54 to eacn o: the "*'ansmn.t er sites via the digital
data '1etwor'< 52 The delay between occurrence at the
control cent*‘e ‘10 of the tJ.'ne marker 60 and the start of
transmission of the test s:.gnal;_:.s termed the "transmit"®
delay. The 't;";'-,a;.-nsmission of the:,_Zj Eest signal is followed by
a transmission""’from the conti‘_bl centre to each of the
transmitter'slﬁes of the lengthfof the transmit delay. This
information -s ‘transmitted by ‘means of a data packet
comprising a 16 ‘bit header forming the test signal followed
by an 8 bit £ield.containing the value of the length of the

transmit delay. -

At each ‘transmitter site -at the imstant local time
marker 61 is generated the delay measuring unit 58 starts
a timer. These timers measure the delay before the test
signal arrive:'s,'i;f_.a__'_‘t each site, and this measured delay is the
nronaaation d"'e'i'ay of the data '_ network plus the transmit
delay as snown J.n figure 3. -

In order to determine the Dronagat" on delay itself the
delay measunnq -unit 58 awa:Lts the transmission of the
length of the “transmit delay, which follows each test

signal, and- ..hen subtracts this transmit delay from the

measured delav : _

It is ihb‘::anf for an accurate determination of the
propagation i@ lay ‘that the transmlt delay is included in
the delay calcul“tlon because the generation of the time
markers is unl ely to be synchronous with the digital data
netwosk. Thi'5peans that not: taking the transmit delay
into account'ooffd result in ah‘error in the propagation
delay of up to. one bit perlod of the test signal channel
if the test signal was transm;tted via a 64k bit/s

e.g.
which is a significant

channel thJ.s__wo_u_J_.d be 15. 625-;1_5,

exrror.
Having -
the digital

?3telY measured the propagation delay of
ata network to each transmitter site,
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15 -(300Hz-3400Hz). One solution to this problemis to use fixed radio

| i nks bet ween

the control centre and the radio transmtters at either

VHF or m crowave frequenci es. These introduce constant delay and can be

equalised relatively easily =~ for any differenceg
Anal ogue | and |ines have al so been used, but e
of a problem and performance can be poor. 20

Frpthetr—ratih—t-emgt hs.
u‘éﬂilﬁﬁﬁ&fmmsmﬁs nor e
|t REBLACEBR

advant ageous to be able to use a digital data net wrk to - provrae the
i nks, for exanple the Megastream (regi stered trade mark) service

offered by British Teleconmunications plc which provides customers with
2.048Mo/s digital paths between pairs of sites. O her exanples of digital
dat a net wor ks whi ch coul d be used are Kilostream (registered trade
mark) and | SDN Z55ai(d W o4 a&@ﬂaﬁgraréeahahgnhabrueamm)o e BiRedl ngath

appropriate nultiplexers at ch e | t bearer he d t
carry a variety 3% $3@Rf P, w?ﬁﬂéﬁh Paet"SF 8" Ehe Transmitter sifes. ”

Cow

foy
o

15

These addlt-onal_ delays are calculated by each delay
measuring unit 58 so as to give a total delay between the
control centre and each transmitter of a predetermined

value (this value being the same at each transmitter site)
which is known to exceed the longest possible transfer
delay of the network.

The additional delays inserted by the delay lines can
be generated by any convenient method but are preferable
generated -by passing the digital voice samples carried by
the data network through a shift register which operates at
a constant rate, but whose length can be varied according
to the delay required. Thus, for example if the shift
register ope.i;ated at 1 MHz, a delay of Nps could be
introduced by passing all audio signal samples through N
stages of the shift register.

The described embodiment employs separate channels for
user data and the test signal. Alternatively, the same
channel couldfbe used for both by using time division
multiplexing of that channel. In this case the transmit
delay would, significantly, be the period between
occurrence of the time marker and the time slot for the
test signal.

The timé;hérkers 60, 61 can be generated by clocks 59
whose synéhrqnism is maintained by any convenient method,
but are prefeighle generated by clocks whose synchronism is

maintained via,a global positioning satellite (GPS).

mBaquTmﬂ

T



dighial‘coded audio signals. 1In general with such digital data networks

connection is not direct, but is provided through a trunk network,

the
with customer — Taccess- beiﬂg wvi-a.a | ocal exchange. A characteristic of
such networks | S Thill et _ have the ability to re-route traffic to
accommodat e eqU|p ' °ﬁ¥aff|c fluctuations, etc._ This —ebsar
re-routing facili & ; .there is an uncert gFr ﬂ

. B i . . S ]
pr opagat i on delay . experlenced by a signa

CLAIMS
1. According to a first aspect the invention provides a

radio system comprising : a central” source of signals for
transmission; a plurality of radio <ransmitters, each
connected Lo the central source by a digital data transfer
link each having a respective transfer delay; means for
injectiné into a channel of a transfer link a test signail
at intended predetermined times, means for determining the
travel time of the test signal over a link by establishing
the difference between arrival time and the interdded
predetermined timé of transmission, and means for adjusting
the transfer delay to at least one of the transmitters to
equalise the transfér delays to the transmitters, so that
signals from the central source can be fransmitted from the
ransmitters substantially in time synchroqism,
characterised in that there 1is correction means for
measuring a transmit delay between the intended
predetermined trénsmission time and the actual time of
transmission of the test signal, and for sending the length
of the transmit delay over the transfei link, so that the
-adjustment of transfer delay can be corrected:- to take
account of the transmit delay.

2. A radio system as claimed in claim 1, wherein the
means for adjusting is operable to adjust the delay of each
of the transfer links to be at least egqual to the longest

transfer delay of the systenm.

3. A radio system as claimed in claim 1 wherein the means
for adjusting is operable to adjust the delay of each of
the transfer links to be equal to a predetermined limit.




3 . travelllng bet-ween- two-network-term nations. The variation can be of

t he order of

and 5014344 both desCik:
nmeasured agai nst a co
relative to the signa

i nk. However,

synchroni sed with the digital data network. If this i

timng signa
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4. A radio system as claimed in claim 3, in which the
predetermined limit is greater than the longest transfer

- ke 230

delay of the system.

5. A radio system as claiméﬁ; in any previous claim,
wherein the delay adjusting 'qéans comprises a variable

length shift register.

6+ A radio system as claimed in claim 5 wherein the shift

register operates at a constant rate.

7. A radio system as claiméd- in any preceding claim
wherein_each of the central source and radio transmitters
has a clock for generating time_markers at the intended

predetermined times.

8. A radio system as claimed in claim 7 wherein each of
the clocks is maintained in sy§¢hronism with each of the
other clocks via a global positioning satellite.

9. A radio system as claimediih'claim 7 or 8 wherein the
correction means comprises means for measuring the transmit
delay between the generation_f'-@f.'- a time marker and the

transmission of the test signal.’

10. A radio system as claim?d;'in any preceding claim
wherein the length of the trans@;  delay is measured at the
0 the transmitters after

control centre and is transmitt§
the test signal.

11. A gquasi-synchronous bi-d;ﬁe?tional rédio system for
communicating with a mobile stéti n comprising:

a control centre for ;:qrcing signals to,
receiving signals from, mobile ‘stations; a plurality of
outlying transceivers for relaYihg the signals between the

and
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wil'l" itself be delayed by up to one bit period. According to a
first aspect the invention provides a radio system 10 conprising : a

central source of signahs &9k i bssion, a plurality of radio

transmtters, each conne¢clmpl _ ntral source by a digital data
transfer 1|ink, each p ﬂ Hmm %‘Eﬁct.i ve transfer del _,.:. _
injecting into a channel ¥ sfer link a tes ' -%—ﬁﬁsBBH;Xoed
predeterm ned 'ti nes, means for determ ning - the MEceb the_kest

P 5. Pval tine

signal over a link by establishing the difference b
and the intended predetermined tine of transi@ 3sion,*3
adj ustnent neans for adjusting the transfer delay to at |east one of the

radi o transmitters to equalise the transfer delays to the radio .
transmtters, sE6CPFACL C8RERAI sadfi gitR i ngobidm t IREaRR saFce ¥afR

be transmitted tramsicl Je¥liaOrespetbtaBaN i AR Sombetang i thd eddtddl™entre

synchroni sm and gharacterlsed,ln t hat Iherg | S ] .
and the transceiver, and a delay equalizer for equalizing -
the delay in transfer of signals from the control centre
over the links to the transceivers so that the transceivers
transmit signals in quasi-éyncthnism or in sychronism.

12. A method of operating a radio system in which a signal
for transmission is disseminated from a central source to
a plurality of transmitters at separate sites, comprising

the steps of:” ) -
{a) determining the time of transfer of the signal

from the centxral source to each of the transmitter sites,

and
(b) delaying the transfer of the signal to at least

one of +the <transmitters, to equalize the transmission

times.

13, A radio system substantially as herein described, and

with reference to the drawings.

14. A qguasi-synchronous radio system substantially as
herein described, and with refeﬁence to the accompanying

drawings. -

15. A method of operating a radip:system substantially as
herein described, and with refegence to the accompanying

drawings. -

m
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20 - correction nmeans for nmeasuring a transmt delay between the

i nt ended predeterm ned tine of transm ssion fromthe central source of
the test signal and the actual time of transmission of the test signal,
and for sending the |length of the transmt delay over.the transfer :
link, so that the adjustnent of transfer delay can eetE0 nke
account of the transmt delay. 25 Accor di ng ' he
~invention provides a nmethod of - operating a radio
" signal for transnission is disseninated froma cenfiral
“plurality of radio transmitters at separate kltes, eacl connected to
‘ the central source-by a digital data transfer Ilnk each having a respective
i transfer delay; the nethod conprising the_steps of: 30 (a)
 injecting into a channel of a transfer Ilﬁﬁﬁggﬁgst signal at intended

predeterm ned tines,

A radio s?stem has a control centre 10 for providing
signals for transmission to a plurality of radio
- transmitters (13, 14, 15 & 16) each connected to the
central source by a digital data link (12). A delay
equaliser (11) measures the variable transfer delay of each
data link andfadjusts the transfer delay of the transfer
links to equaliée the transfer delays to transmitters, so
that the signaIS'from the control can be transmitted from

the transmitters substantially in time synchronism.

Figure 2

'3 Thls Sheet Has Been Reﬂlaced
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-est abl i shing the difference between arri val“’tT ne =¥ t?ﬂe I nt ended

pr edet er m ned time of transm ssion C) neasuring a

transmt delay between the intended predetermned 5 | SSI_Qn—tF and
the actual tine of transm ssion of the test signal, . = BN\ ng
the length of the transmit delay over the transfer |i K angdie=', A\
(e) adjusting the transfer delay to at | east one of t iRLansfT i ters
to equalise the transfer delays to the radio transmttg _==%"That si gnal s
origi nating from the central source can be ransmtted from the--

Preferred enbodi nents of the invention w ITm e desEri bed by way of

exanple and with reference to the acconpan rdr aw ngsymehe)i n:
Figure 1 is a general schematic di agrarq_gi.ﬁ'élinpllfl)e-d-ﬁa le of a
]
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guasi - synchronous radi o system 15

di-agram of a quasi.-synchronous radi o system
of* the invention,; ' Figure 3 is at
operation of the system of Figure 2;

t he systen1of the preferred enbodi ment has a
i s a source of and- destlnathon for signals,

A (51) “and t hence to-a drghfal
2Mo/ s Nbgastrean1\netmonk Al so connected to
mul tiplexers (MixX)~B, C! D and E (56) at radi

Fi gu

connected to a
dat a network 52,

5/ S |

e I's a schematic bl ock

of the preferred enabodi nent

imng diagramillustrating the
Refering to Figure 2,

control centre 10, which

mul ti pl exer_

shopwn exenplarily as a

the data netwark a’e further

Q transn1tters 13,14, 15 & 16

20

positioned at various geugraphlcal | ocati ons. Fst sggnal spurce 54,
with 25 asso athd_clock 35 is aLso c¥nnect via the! nultlpIExer 51 to
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netvvorlg 52. The digital data network 52 serves four radio transmitter sites
. «" - each of ‘which has _a respective mul'tiplexer 56; an output of mhlch
“is«tannected to a variable delay line 57 which in tur ectFed 1)

the respective S|nﬁmsmﬂummBamRklaﬂ$n1tter and a del ay

with associ ated cl o nit - is 30 connected t

fromthe respectivef |§R6 and connected: t D)

output to the respe e varia' e delay i ne 57. '

of the system wil| now be described in generat terns. .

' . THIS SHEET HAS BEEN
REPLACED

RADIO SYSTEM

The present invention relatés to a radio systém, and
- in particular, though not exclusively, to a
quasi-synchronous radio system. -_
A simplified example of a quasi-synchronous,
bi-directional radio system is shown schematically in
Figure 1, where a control centre 1 is connected by fixed
links (A, B,C,D) to transceiver (sometimes referred to as
transmitter) sites 2,3,4,5. The sYstem of this example is
bi-directional permitting two way communication between a
meile 6 and the control centre 1 via the transceivers.

In a quasi-synchronous system transmitter
(transceiver) sites all radiate the same signal on
nominally the same radio channel. Such systems are

suitab;e for wide area coverage over a limited number of
radio channels, sometimes only a single channel, and so are
often adopted by police, fire andisimiLar utility services.
Geographical considerations 'éﬁa transmitter power
restrictions, for example, often mean that it is not
possible to achieve coverage of ‘the area served by such
services with a single transmltter site, so the multiple
transmitter site configuration of a quasi-synchronous or

synchronous radio system is approprlate.
In a quasi-synchronous system the radio <£fregquency

carriers are within a few Hertz of each other, while the

modulation imposed on the carrlerfﬁgmalns synchronous. This
vhere the coverage of two

is necessary because in regions
neighbouring transmltters overlap,'a mobile will receive
signals from both transmitters. 'In such circumstances the
: two signals ﬁust--ﬁé sufficiently synchronous not to
':destructively interfere. In a synchronous radio system
where the signals radiated froh' all transmltters are

This is the reptacem'e’nt sheoet
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5 . An anal ogue sr gnhal is fedcggver th~'
t Qudslie” vari ous sites trans 1 Ol ScnRENT
~ful.ti pl-exed on the 2. 048Mbps- di I dit V'

_': "I\/egastrearr) whi ch connects eac |n the
- path Tength ‘bet ween each site and the control ceéntre \W|1|
' the. 5. path taken. The preferred enbodi ment of tHée

"rrect for these

THIS SHEET HAS BEEN I
- REPLADI -»D

- -2 -

identical in alil Pesnects and in particular are transmitted
on the same _-eauencv, the same circumstances may occur
In a 'quaSL-synchronous radio system .the necessary

accuracy of radio carrier freqﬁed&y can be provided by
using accurate ovened oscillators at the transmitters. The
Synchronisation of the ° modulated signals between
neighboq;inq transmitters requires, typically, an éccuracy
of:
AM systems: maximum amplitude differential 3d4B

maximum phase differential 300

or 0.018f0 . _

whichever is greater -

(worst case 50 microseconds )

FM syétems: maximum amplitude differential 24B
maximum phase differential 100 or 0.007fo
whichever is greater
(worst case 20 microseconds)

To achieve this degree of matching it is necessary
that the amplitude and phase transfer functions of fixed
links between the control centre and its transmittexs
differ by no more than these limits across the audio band.
1300Hz-3400Hz). One solution to this problem is to use
fixed radio links between the control centre and the
transmitters at either VHF or microwave frequencies. These
introduce constant delay and can be equalised relatively
easily for any differences in their path lengths. Analogue
land lines have also been used, but equalisation becomes

more of a problem and performance_gan be poor.

It would be advantageous to be able to use a digital
data network to provide the 1links, for example the
Megastream (registered trade mark) service offered by

Bfitish Telecom which provides customers with 2.048Mb/s
digital paths between paixs of sites. Other examples of
digital data networks which could be used are Kilostream
(registered trade mark) and ISDN (Integrated Services

This is the replacement sheet
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pat h dlfferences as follows. At"pre-defined intervals, such as -t he st'art

/gg,wry *  ninute or evermsgceamsséenﬁ st Sigpa

ntrol centre 10 site :
digital) to the four test channels mmﬂﬁﬂ‘ radi
time of- arrival of the test S|gnal

correspondl ng. propagat ion tine from the contr

Addi t i onal : del ays are then built into the ré spleiStSkH&ETgﬂ@ﬁlaEE'}é hs
at each radio transmtter site,. = such that t le aggREfbAGERe] ay |
bet ween the control centre and any radio transmtter ' S the sane.

Th del h h_di I Kk d
B S e s S S T B

maxi mum . at &Y el ougle tdisgidedia heémrkcmré:dmm\edtuobe:a&my an
aggregat e dela of,

to multiplexer™; rwggg'éﬁgbfﬁfggc, _nghtcpgga iaégdeghgudié éhSnQELay

In general with such dz.gz.'.:al data networks the connection

- | is not direct, but is provided through a trunk network,

with customer access being via a local exchange. A

characteristi‘cj' of such networks is that traffic can reach

its destination via more than one route, and the network

has the ability to re-route traffic to accommodate
equipment failures, traffic fluctuations, etc.

This dynamic re-routing facility is such that therxe is
an uncertaint'jr_ in the propagation delay which will be
e—xper?'.enced by a signal travelling between two network
terminations. . The variation can be of. the order of
; _ milliseconds which therefore, apparently, xrules out any
possibility -of using such networks to support
quasi-synchronb_us radio directly.

According to a first aspect the invention provides a
radio system comprising : a central source of signals for
transmission; a plurality of radio transmitters, each
connected to the central source by a digital data transfer
link each having a respective transfer delay; means for
injecting into a channel of a transfer link a test signal
at intended predetermined times, means for determining the
travel time of the test signal over a link by establishing
the difference between arrival time and the intended
predetermined time of transmission, and means for adjusting
the transfer delay to at least one of the transmitters to
equalise the transfer delays to the transmitters, so that
signals from the central source can be transmitted from the
transmitters substantially in time synchronism,
characterised in that there is correction means for
measuring a transmit delay between the intended
predetermned transnuss:.on time and the actual time of
transmission of the test signal, and for sending the length

This is the repiacement sheet
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woal d be set.'as 7ms, etc.
conpensati on process ~wout-d-be-repeated at |

acconodat e any - changes _ '§'h_e._: OPRY ké(m?ddel

'and
tervals to

re-routing within the The operation

of the preferred enbodl {
detail with reference tlaRmill Al 1ihe cI ock 55, asso mgpp_mmammzer ‘
“control- - centre 10 and each of -the clocks 5 b

radio transmtter sites, 25 synchrongusly gener te a Bgeﬂ gqalsms
mar ker, shown respectiv_ely as 60 and 61 in figure 3, at
predeterm' ned intervals, eg every mnute or every second. The tine
marker is a pulese wife 2 nsgist d'lslaatv'r @mwer the transfer link)s sootha#ts the

possi bl e fol I oy the engrat,j h rker, -
PR h nexﬁ0 ﬁt< geéﬁgeémq § s‘:lt%:‘rra cﬁ%c‘tr"gnsﬁ]f?ed

exanpl e at the sljar
by the test account of the ansm:.t aelay

Preferred embodiments of ..he “invention will now be

l

described by way of example and with reference to the
accompanying drawings wherein:
Figure ! 1is a general schematic diagram of a
simplified example of a gquasi-synchronous radio system;
Figure 2 is a schematic block diagram of a
quasi-synchronous rg.dio system of the preferred embodiment

of the invention; - - -
‘ Figure 3 1is a timing diagram™ illustrating .the
operation of the system of Figure 2; -

" Refering to Figure 2, the system of the preferred
embodiment has a control centre 10, which is a source of
and destination for —signals, connected to a multiplexer
A(51) and thence to a digital data network 52, shown
exemplarily as a 2Mb/s Megastream network. Also connected
to the data network are further multiplexers (Mux) B, C, D
and E(56) at transmitters 13, 14, 15 & 16 at wvarious
_geogfaphical locations. A test signal source 54, with
associated clock 55, is also connected via the multiplexer
51 to the digital dJdata network 52. The digital data
network 52, serves .four transmitters sites 53, each of
which has a respective multiplexer 56, an output of which
is connected to é variable delay line 57 which in turn is
connected to a respective site transmitter, and a delay
measuring unit 58 with associated _clock 59; which unit is
connected to receive an output from the respective
multiplexer 56 and connected to provide a control output to
the respective variable delay line 57.

The operation of the system will now be described in
general terms. An analogue signal is fed over the digital
network 52 to the various sites 13 to 16. These

transmissions are multiplexed on the 2. 048Mbps digital data
 This is the replacement sheet
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3(1 S|gnal source 54 to each of the radio transnmtter sitesvia the digital
data net wor'k : 52. The del ay betmeen occur r epce—at—the—coRtT ol
centre 10 -of the tine marker 60 ThisSheet Has Begn '.eista tagﬁLAGEMEMT§§E€ﬁ

the test signal is terned the "tran
of “the test 5|gnal is followed by jmumﬂﬁ t%ﬁ@" ............

f rom tihpateo
1S SHEET HAS BEEN
REPLACED

- stream (ie. Megastream), which connects each multiplexer in
thg network. The path length between each site and the
control centre will_vary according to the path taken.

| The preferred embodiment of the invention works to
- . correct for these path differences, as follows. At
pre-defined'intervals, such as the start of every minute or
every second, the test signal source 54 at the control
centre 10 site applies a test signal (either analogue or
digital) to the four test qhannels, 1-4. At each
transmitter site the time of arrival of the test signal is
identified, and the corresponding propagation time from the
control centre is determined. Additional delays are then
built into the resﬁéctive signal paths at each transmitter
site, such that the aggregate delay between the control
centre and any transmitter is the samé.
The maximum delay through digital networks is defined,
" and the aggregate delay would bé‘chosen to accomodate this.
Thus, for example, if the maximum delay through the data -
network were known to be 8ms, an aggregate delay of 10ms
might be appropriate. Then if the delay to multiplexer 2
was 3ms, T2 would be set as 7ms, etc.
This- measurement and compensation process would be
repeated at reqular intervals to accomodafe any changes in
propagation delay brought about by re-routing within the

digital data network.
The operation of the preferred embodiment will now be

described in greater detail with reference to figure 3. The
clock 55, associated with the control centre 10, and each
of the clocks 59, at the various transmztter sites,
sYnchronously generate a precise time marker, shown
respectively as 60 and 61 in figure 6, at predetermined
intervals, eg every minute or every second. The time
marker is a_pulse of 20us duration.

As soon as possible following the generation of the
time marker, for exaﬁple at the start of the next clock

This is the repkécement sheet
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6+ . centre to each of the radio tral @ﬁFE§WV%%B%ﬁNt e length of the

transmt del ay. ’ This information is tfansnﬁ?i@@EEQL s of a data

packet conprising a 16 blt'

an 8 bit field conta : et FD
delay e
narker

“header f Il owed by
faced - t he BEPL}Q@EIE’IE

'; nsmtter site atfthe i éan@ §H§1
[ _.neasurlng unit- y8bsbal’te
jrvefore the test siHgmab—arriVes ;__:g_#h

_ 6 -

Iengt

cycle, a test signal is transmitted by the test signal
... source 54 téléach of the transmitter sites via the digital
", data netwo:kl 52;' The delay between occurrence at the
10 of the time marker 60 and the start of
ffthe test signal is termed the "transmit"
lansm1551on of the test signal is followed by

- control centr

'transmission
delav. Theg
a transm1551on fron the control centre to each of the

transmitter: 51tes of the length of the transmit delay.. This
informatlon ;s' transmitted by means of a data packet
comprising a"Ié bit header forming the test signal followed
by an 8 bit fleld containing the value of the length of the
transmit delay,

At eacq,;:ansmitter site at the imstant local time
marker 61 iéngnerated the delay measuring unit 58 starts
a timer. Theﬁé:timers measure the delay before the test
signal arrwves at each site, and this measured delay is the
propagation - aelay of the data network plus the transmit
delay as shown in figure 3.

In order to determine the propagation delay itself the
delay measurzng ‘unit S8 awalts the transmission of the
length of the transmlt delay, which follows each test.

signal, ana_*hen subtracts this transmit delay "from the

measured delav

3p§nt fo: an accurate determination of the
:éﬁgthat the transmit delay is included in

a ation because the generation of the time
markers is unllkely to be synchronous with the digital data
network. Thls .means that not taking the transmit delay
into account.qould result in an error in the propagation
delay of up fd'bne bit period of the test signal channel
e.g. if the . test signal was transmitted v1a a 64k bit/s
channel thls"would be 15.625us, which is a significant

error. _ _
Having a”_upgpely measured the propagation delay of
A network to each transmitter site,

This is the replacement shoet
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pr@pagatlon del ay of the data network plus the transmt del ay as shown I n
figure 3. 10 I n order to determ ne the propac

the del ay neasuring uni%hisSheet lacedhe transmi ssi o ggfp;_]t\bgw;ﬁrrg;i-tsm‘f
the transnit delay, which 0 test S|gnal anddg Qﬁbéacs
this transmt delay fromf eI ay. Datd - gﬂé

network. This means that not 'taking the transm i 2CROHH
could result in an error in the propagati on del 2 ne b|t
period of the dd&dtisoganl aehaymeare Fohenxanpéeteaf into tdasi edigmalgnmdthvas
transmtted via a_64k bl.t/ nel his | d be_]15. 625 err. whi ch
is a S|gn|flcaﬁﬁ &3F8, © i i nes“%g t%e raksmlk%er sites.

These- addﬁtional- delays are ¢alculated by each delay
measuring unit 58 so as to give a total delay between the

- control centre and each transmitter of a predetermined
value (this wvalue being the same at each transmitter site)
which is known to exceed the longest possible transfer
delay of the network.

The additional delays inserted by the delay lines can
be generated by any convenient method but are preferable
generated -by passing the digital voice samples carried.by
the data network thrpugh a shift register which operates at
a constant rate, but whose length can be varied according
to the delay required. Thus, for example if the shift
register operated at 1 MHz, a delay of Nps could be
introduced by passing all audio signal samples through N
stages of the shift register.

The described embodiment employs separate channels for
user data and the test signal. Alternatively, the same
channel could be used for both by using time division
multiplexing of that channel. In this case the transmit
delay would, significantly, be the period between
occurrence of the time marker and the time slot for the
test signal. ' '

The time markers 60, 61 can be generated by clocks 59
whose synchronism is maintained by any convenient method,
but are preferable generated by clocks whose synchronism is
maintained via a global positioning satellite (GPS).

This is the repiacem‘ént sheet
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204 . Havi ng accurately nmeasured the propagation delay of the digital
dat a. networK to eachs [ er site, additional delays are then
inserted into each -Sl AT AT each of the delay lines 57 at the
radio transmitter sites’ le Iﬂ 1t|0nal del ays are cal cul ated _hy_each
del ay measuring unit 58¢ AL aggr egat e o‘w.v FTCE

control. centre and each radio transmitter. of a.25 priggs LER ._ )
(this value being the sanme at each radio transmtter Ri 3 i
‘known to exceed the | ongest possible transfger- delay o bh@ongtsga il :
The additional delays inserted by the delay |ines can {beege e

sanpl es carried by the data network throGGRAIASshi ft reg|.ter
at a 30 constant rate, but whose length can be varied atcoraing to the
del ay required. Thus, for exanple if the shift register operated at 1
MHz, a del ay ot- N[eA¢Fgrggggdtgea first aspect the 1nvent:.on provides a

radio system comprising : a central source of -signals for

transmission; a plurality of radio transmitters, each
connected to the central source by a digital data transfer
link each having a respective transfer delay; means for
injectiné into a channel of a transfer link a test signal
at intended predetermined times, means for determining the
travel time of the test signal over a link by establishing
‘the difference between. arrival time and the interdded
predeﬁermined timé of transmission, and means for adjusting
the transfer delay to at least one of the tramsmitters to
equalise the transfer delays to the transmitters, so that
signals from the central source can be transmitted from the
transmitters substantially in time synchroqism,
characterised in that there is correction means for
measuring a transmit delay between the intended
predetermined transmission time and the actual time of
transmission of the test signal, and for sending the length
of the transmit delay over the transfer link, so that the
'édjustment of transfer delay can be corrected- to take'
account of the transmit delay. '
2. A radio system as claimed in claim 1, wherein thg
means for adjusting is operable to adjust the delay of each
of the transfer links to be at least egqual to the longest

transfer deiay of the systen.

3. A radio system as claimed in claim 1 wherein the means
for adjusting is operable to adjust the delay of each of
the transfer links to be equal to a predetermined limit.

This is the replacement sheet
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i ntr'oduced by passing all audio signal_sanples through N stages of the
shift . register.
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‘4, A radio system as claimed in claim 3, in which the
. predetermined limit is greater than the longest transfer

deiay of the system.

- 5. A radio system as claimed in any previous claim,
wherein the delay adjusting means comprises a variable

length shift register.

67 A radio system as claimed in claim 5 wherein the shift

register operates at a constant rate.

7. A radio system as claimed in any preceding claim
wherein._each of the central source and radio transmitters
has a clock for generating time markers at the intended

predetermined times.

8. A radio system as claimed in claim 7 wherein each of
the clocks is maintained in synchronism with each of the
other clocks via a global positioning satellite.

9. A radio system as claimed in claim 7 or 8 wherein the
correction means comprises means for measuring the transmit
delay between the generation of a time marker and the

transmission of the test signal.

10. A rad:i:o system as claimed in any preceding claim
wherein the length of the transmit delay is measured at the
control centre and is transmitted to the transmitters after

the test signal.

11. A quasi-synchronous bi-directional radio system _for
communicating with a mobile station comprising:
a control centre for sourcing signals to, and

receiving signals from, mobile stations; a plurality of
outlying transcelvers for relay::.ng the signals between the

- I|II|III IIIIII IIIIIIIIIII | IIII_:__ :

This ig tha replacemem shest

- § SEP 936

Dm:



o

r e

7 ., The described enbodi nent” "enpl oys separate channel's for user

dat a- and t he test snggghwuﬁghg& gl y, the sane channel coul d be used
_ ItlpleX|ng pofrecadurly aeanst-=m. t hi S

far both, by using 5 i

case the transnmt deI ay MIEM [l

bet ween occurrence of th it and”the 5tine s t st
The tinme markers 60, 61 can be oea@rg%iékgiﬁﬁﬁg i

si.gnal .

whose synchroni smis maintai ned by any convenitemt=—retHot—btH
pr ef er abl e generat ed by cl ecks whose_s chronlsm S a 1R
gl obal positioning satellite - system ( rnﬂSSHEEYHASBEEN

. _ . REPLACED = |

control centre and the mobile" stations; for each
transceiver alrespective link connecting the control centre
and the transceiver, and a delay equalizer for equalizing
the delay in transfer of signals from the control centre
over the links -to the transceivers so that the transceivers
transmit signals in quasi-éynchronism or in sychronism.

12. A method of operating a radio system in which a signal
for transmission is disseminated from a central source to

a plurality of transmitters at separate sites, comprising

the steps of:~ . T -
(a) determining the time of transfer of the signal

from the central source to each of the transmitter sites,

and
(b) delaying the transfer of the signal to at least

one of the transmitters, to equalize the transmission

times.

13. A radio system substantially as herein described, and

with reference to the drawings.

14. A quasi-synchronous radio system substantially as
herein described, and with reference to the accompanying

drawings. .

15. A method of operating a radio system substantially as
herein described, - and with reference to the accompanying

drawings. -

IIIIIIII |||||| IIIII IIIII 'Il |II| " This is he replacement sheet
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ABSTRACT

RADIO SYSTEM

i A radio system has a control centre 10 for providing
*"s'ignals for transmiss‘ion to a "plurality of radio
- transmitters (13, 14, 15 & 16) each connected to the

central source by a digital data link (12). A delay
'e_qualiser. (11) measures the variable transfer delay of each
data link and adjusts the transfer delay of the transfer
links to equalise the transfer delays to transmitters, so
that the signals from the control can be transmitted from
-the transmitters substantially in time synchronism.

FIG. 2

This is ihe replacement sheet
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1.~ <A radi o system conprising a central source .S gRad=8=Ff Or
transmssion; a plurality of radio transmitters (1355415, .1 }
cannected to 5 the central source by a digital dati
3, 4, 5, 6, 7, 8 9), each havi ng a respective tifansf
(54) for injecting into a channel of a transfer
intended predetermned tines, neans (58) for - determning the travel
time of the test signal over a link by establishing the di fference
between arrival time and the intendedftedeternined tinme of 10
transm ssion, and del ay adjustnent neans (57) for adjusting the‘r!]ansf er

delay to " at least one of the radio transmtters to equalise~he
transfer delays to the radio transmtters, so that ,signal SL@igi nati ng
‘fromthe central source (10) can be !I/ -a
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transm.,tted, fromthe radio transmtters substantially i _
characterised in that there is correction neans (54) fo 'ﬁaasmﬁmij“'
transmt delay 15 between the intended predeterm ned tine of SEP '\995
transmission.fromthe central source - (10) of the te .thpgnag

actual tinme of transm ssion of the tesi/Xignal, and
| engt h of . the transmt del aﬁover the trangRer link, so that t he
adj ust nent of transfer delay can be corregted to take account of the
transmt = “delay. 20 pr— 2. : A-feifo system as cl ai ned claim1l,
wherei n the del ay adjys{sent—&eans 5H<€is operable to adJJh
transfer deI ay. of eact
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| east «equal, to the longest transmt delay of the system|f25— =g
radi-o system a$ claimed in claim 1 or clairm. 2 whereif BRBLAGEMENT SHEET |
adj ust nent neans (57) is operable to adjust the transfe del‘ag gfsm fAl
t he - transfer |inks to be equal to a predetermnined I inPgte 307 "5l 00
A radi o systemas clained in any previous claim wherein the deray
adj ust ment ‘neans: (57)conprises a variabBl/8 I ength shift register.

_ _ o ! L

g = 9 -
O =i
e % -
o = o= o 5
= m > N rm
=<4 | l
=
\S
N ) I\
@ o
et )
[
P4
= |
> )
c |9
o |>
mo|e
O %
o
P =
% |8
m
P
<
—
i
—
v
&
=
>
—
4
. m
I A= = Mo
52 3 22
JmZ - e
= 0
m > Mo
= = 3™
pow
- x
- 5

This is the replacement sheet

Dete:



10.

15

20

25

.. 30

REPLACEMENT SHEET

Date . 0 8 NOV 1997

4

.".w . RADIO SYSTEM

The present mventlon relates to a radio system, and in partrcular, though

' not exclusnvely, to a quasl-synchronous radlo system

A srmphfled example of a quaS| synchronous, bl—dnrecttonal radlo system is

" shown schemat:ca!ly |n Flgure 1 where a control centre 1 is connected by fixed
links {A,B,C, D) to radlo transmltter sites 2,3,4,5. (In a bldlrectlonal system such as

‘this example; the radic™ transmlt_ters Tay be referred 1o as ‘transceiveérs, and in"this™

specification the term. "transmitter'.': includes transceivers). - The system of this
examp_le is bi-directio_na! permitting two way_communication between a mobile
station 6 and the control centre 1 via one of the radio transmitters 2, 3, 4, 5.

In a qua-si-synchronous-- system, radio- transmitter (transceiver) sites all .
radiate the same signal on nominally the same radio channel. Such systems are
suitable for wide area coverage over a limited number of- radio channels,
{sometimes only a single channel), and so are often adopted by police, fire and
similar utility services. Geographical considerations, radio transmitter power
restrictions, and other factors, often mean that it is not possible to achieve
cove.rage of the area served by such services with a single radio transmitter site,
so a muitiple radio transmitter-site configuration ofi a quasi-synchronous or
synchronous radio system is appropriate. |

In a synchron_oUs-_-radio- system the signals radiated. from all radio
transmitters are identical in_au re_spects (and in particular, they are transmitted on
the same frequency). In a quasi-synchronous 'system the radio carrier frequencies
of different radio .'tran.srnitters are within a few Hertz of each other. In both cases
the modulation impose'd.' on the carrier is synchronous. This is necessary because in

regions where the coverage of two neighbouring radio transmitters overlap, a

~ mobile station will - receive signals from both radio transmitters. In such

circumstances - the : two signals ‘must be sufficiently synchronous not to
destructlvely mterfere ' '

"In a quasn-synchronous radto system the necessary accuracy of radlo

carrier frequency can be prov:ded by usmg accurate ovened osclllators -at the




5. ‘ A -radio system.as clained in claim4 wherein the shift register

operates at a constant Tate. 5 6. - Aradio bLe @@
in any preceding clai mwherein— each of thee °~ central ’P(E% :
radio transnitters (13, 14, 15, 16) has a clock (59) fo 0 '
time-markers at the |ntended predeterm nedztlrres

© teeesssrearrecearnerovaiTes e
. . eae

transmitters. The synchronisation of the modulated signals between neighbouring

radio transmitters typically requires the following accuracy:

AM systems: maximum amphtude dn‘ferentlal 3dB
5 B maximum phase differential 30°, or.0.01 8f°

(whichever is greater; worst case 50 microseconds)

FM systems: maximum amplitude differential 2dB
- maximum phase dlfferentlal 10°, or 0.007¢°

10 (whlchever |s greater; worst case 20 mlcroseconds)

To achieve this degree of matching it is necessary that the amplitude and
phase transfer functions of fixed links between the control centre and its radio '
transmitters differ by no more than these limits across the audio band

15 (300Hz-3400Hz). One solution to this broblem is to use fixed radio links between
the control centre and the radio transmitters. at either VHF or microwave
frequencies. These introduce constant delay and can be equalised relatively easily
for any differences in their path lengths. Analog'ue land lines have also been used,
but equalisation becomes more of a problem and performance can be poor.

20 It would be advantageous to be able to use a digital data network to
provide the links, for example the Megastream (registered trade mark) service
offered by British Telecommunications plc which provides customers with
2.048Mb/s digital pafhs bet_ween pairs of sites.. Other examples of.digital data
networks which could be used are Kilostream (registered trade mark} and ISDN

25 (lntegreted Services Digital Network). By connecting appropriate muitiplexers at
each end, the digital bearer can be used to ‘carry a variety of traffic, including
digital coded audio signals. _In general with such digital data networks the
connection is not direct, but is provided through a trunk network, with customer
access bemg via a local exchange. A charactenstlc of such networks is that they

. 30 have the ablhty to re-route traffic to accommodate equipment failures, trafflc
' fluctuatlons, etc. This dynamtc re-routmg facnhty is. such that there ls an

uncertamty in the propagatton delay WhICh ‘will be expenenced by a sngna!



10 . 7.

A radio systemas clained in clai.m.6 wherein each of t . cks
(59) has means for maintaining it i‘n synchr__9n| S Npad : _,t her
cl ocks via a gl obal positioning satellite.

'system as-clainmed in claim6 or 7 wherein the corre
conpri ses neans for nmeasuring the transmt; del ay bet {jemaie the - gel]
a tinme nmarker and the transm ssion of the test - signals

10

5

20

25

30

- travelling between two network terminations. m"l.'_hemyariation can be of the order of

milliseconds.

United States patents 4696051 and 5014344 both describe systems in
which the differences in delay are measured agalnst a common timlng S|gnal the
vanatlons in delay relative to the sngnal then belng compensated for in each
indiwdual link. However, these systems ‘assume that the tlmmg signal is itself
synchronised w:th the digital data network If this is not the case, the timlng srgnal

will itself be delayed by up to one blt period

compnsmg :a central source of signals for transmission; a pluraiity of radio
transmitters, each connected to the central source by a digital data transfer link,
each having a respective transfer delay; means for injecting' into a channel of a
transfer link a test signal at intended predetermined ‘times, means for determining
the travel time of the test srgnal over a link by establlshmg the difference between
arrival time and the intended predetermined time of transmrssnon, and delay
adjustment means for adjusting the transfer delay to at least one of the radio
transmitters to equalise the transfer delays to the radio transmitters, so that
signals originating from the central source can be transmitted from the radio
transmitters substantially in time synchronism, and characterised in that there is
correction means for measuring a transmit delay between the intended
predetermined time of transmission from the central source of the test signal and
the actual time of transmission of the test signal, and for sending the length of the
transmit delay over.the transfer link, so that the adjustment of transfer delay can
be corrected to take account of the transmit delay..

According* to a second aspect the ‘invention provides a method of
operating a radio system in which a signal for transmission is disseminated from a
central source to a plurality of radio transmitters at separate sites,. each connected
to the central source by a digital data transfer link each havmg a respective

transfer delay; the method comprising the steps of:

{a} injecting tnto a channel of a transfer link a test srgnal at lntended

_____predetermmed times, e




,20- 9. A radio system as clained in any precedlng ct#
in the control centre (10). for measuring the tr&AsT

radi o system according to any preceding clai m wherlin
transmitters are arranged to transmt quasi - synchrond%ﬂ'
carrier

(b) determining the travel time of the test signal over a. link by
establishing the difference between arrival time and the intended predetermined
time of transmission

{c) measuring a transmit delay between the intended predetermlned

5 transmission time and the actual time of transmission of the test srgnal

(d} sending the length of the transmit delay over the transfer link, and

(e} adjusting the transfer delay to at least one of the radio transmitters
to equalise the transfer delays to the radio transmitters, so that signals originating
from the central -source - can - be transmltted from- the- radio transmitters.

10 substantlally in time synchromsm

Preferred embodiments of the invention will now be described by way of
example and with reference to the accompanying drawmgs wherein:

Figure 1 js a general schematic diag_rarn of a simplified example of a
quasi-synchronous radio system; "

15 Figure 2 is a schematic block diagram of a quasi-synchronous radio system
of the preferred embodiment of the invention;

- Figure 3 is a timing diagram illustrating the operation of the system of

Figure 2; _
Refering to Figure 2, the system of the preferred embodiment has a
20 control centre 10, which is a source of and destination for signals, connected to a
multiplexer A (51) and thence to a digital data -n_etwork 52, shown exemplarily as a
2Mb/s Megastream network. Also connected' to the data network are further
multiplexers (Mux) B, C, D and E (56) at radao transmitters 13, 14, 15 & 16

positioned at various geographlcal locatlons STA test signal source 54, with

25 associated clock 55, is also connected via th____ muitiplexer 51 to the digital data
network 52. The digital data network 52 ser"'"'i’_s four radio transmitter sites 53,

each of which has a respective muitiplexer 56 n output of which is connected to
a variable delay line 57 which in turn is connected to the respective site radio

transmitter, and a delay measurmg umt 58 wrth assocrated clock 59, whrch unit is

30 connected to recerve an output from the respez:'twe multrplexer 56 and connected
' to provnde a control output to the respectwe va': able delay lme 57

* The operatlon of the system will now be descnbed in general terms




,frequ,,e_n'ci £es. .

10,

15
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25

: I}Q__-__.srgnal source 54 to. each of the radlo transmlt :

30 .10
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An analogue signal is fed over the digita_l network 52 to the varIOUSSItes
13 to 16. These transmissions are _mu_ltiplexed_ on the 2’.048lVlbps digital data
stream (ie. Megastream), which connects each mulitiplexer in the network. The
path length between each site and the control centre will vary according to the
path taken. The preferred embodlment of the invention works to correct for these
path dufferences, as follows. At pre-deﬂned intervals, such as the start of every
minute or every second, the test srgnal source. 54 at the control centre 10 site

applies a test signal (either analogue or digital) to the four test channels, 1-4. At

- each radio transmitter site the time of arrival of the' tést signal is identified, and the =~

_corresponding propagation time from the contro] centre is determined. Additional

delays are then built into the respective signal paths at each radio transmitter site,

such that the aggregate delay between the control centre and any radio transmitter

is the same.

The maximum delay through dlg:tal networks is deflned and the aggregate
delay should be chosen to accomodate this. Thus, for example, lf the maximum
delay through the data network were known to be 8ms, an aggregate delay of
10ms might be appropriate. Then if the delay to multiplexer 2 were 3ms, T2
would be set as 7ms, etc. ' ' _

This measurement and compensation process would be repeated at r-e'gular
intervals to accomodate any changes in propagation delay brought about by
re-routing within the digital data network. _ |

The operation of the preferred embodiment will now be described in
greater detail with reference to figure 3 The clock 55, associated with the control
centre 10, and each of the clocks 59, at th_‘e various radio transmitter sites,
synchronously generate a precise time marker, .Eshown respectively as 60 and 61 in
figure 3, at predetermined intervals, eg every mmute or every second. The time
marker is a pulse of 20ps duration. ,

As soon as possible following the g_en'eration of the time marker, for
example' at the start of the next clock cycle, al 't;eﬁst "signal is transrnitted by the test

,sites, via the digital data network

52. The delay between occurrence at the control centre 10 of the time marker 60

and the start of transmussuon of the test sngnal is termed the "transmrt" delay The

" transmission of the test signal is followed by a transmtssnon from the control




11, A nethod of. operating a radio systemin which" a,;"”
transmssion is di ssem nated from a centr.u
plurality of radio transmtters (13, 14,- - !
.sites, each connected to the central source by a d|g|t At e,
transfer |ink each having a respective tragnsfer del ay; the netnuu »
conprising the 5 steps of: (a) injecting into
a channel of a transfer link a test signal at |ntended '

Pr edet er m nedceniraete, each of the radio transmitter sites of the length of the transmit delay

‘This information is transmitted by means of a data packet comprising a 16 bit
header forming the test signal followed by an 8 bit field containing the value of the
length of the transmit delay.

.5 ' At each radio transmitter site at the instant local time marker 61 is
generated the delay measuring unit 58 starts a timer. These timers measure the

“delay before the test signal arrives at each site, and this measured delay is the

‘propagation delay of the data network plus the transmit delay as shown in figure

10 in order to determine the propagation delay itself the delay measuring unit
68 awaits the transmission of the length of the transmit delay, which follows each
test signal, and then subtracts this transrhit delay from the measured delay.

It is important for an accurate determination of the propagation delay that
the transmit delay is included in the delay calculation because the generation of the

15 time markers is unlikely to be synchronous with the digital data network. This
means that not taking the transmit delay into account could result in an error in the
propagation delay of up to one bit period of the test signal channel. For example, if
the test signal was transmitted via a 64k bit/s channel this would be 15.625us,

- which is a significant error.

20 Having accurately measured the propagation delay of the digital data
network to each radio transmitter site, additional delays are then inserted into each
signal path by each of the delay lines 57 at the radio transmitter sites. These
additional delays are calculated by each delay measuring unit 58 so ae to give an
aggregate delay between the control centre and each radio transmitter of a

25 predetermined value (this value being the same at each radio transmitter site)
which is known to exceed the longest possible transfer delay of the network.

The additional delays inserted by the delay lines can be generated by any
convenient method but are preferably generated by passing the digltal voice
samples carried by the data network through a shift register which operates- at a

30 constant rate, but whose length can be varied according to the delay requrred

S Thus, for example if the shift reglster operated at 1 MHz, a delay of Nps could be

mtroduced by passmg all audio signal’ samples through N stages of the Shlft
reglster. '



(b) determning the travel tinme of the test signgt—eoxe
establishing the difference between arrival tine a

pr edet er-m ned 10 time of transmssiion -
.measuring a transmt delay between the intended pr
transnmission tinme and the actual time of. tr.ansni.sskom= = g
(d) sending the length of the transnit delZay. over the. transfer i nk, and
(e) adjusting the transfer deI ay to at least-~one of the radio transnitters

15 13, 14, 15, e the transfer dela
transrn tters, so t#g% dtescreb%% embodigjegh smploys; $RPAALS )r{fga?'?ed?nn?rhgsede‘?ﬁt?aﬁnd
source (10) cap tef dignans mlﬁeh%ilvferyg)ffhé Bgméaﬂliaﬁnel could be used FdrastA] by @skhg

substantially_ in tine synchroni sm
time division multrplexmg of that channel In this case the transmit delay could be

quite srgmfrcant, berng the period bet_ween occtrr_rence of the time marker and.the

5 - time slot for the test srgnal | .
The time markers 60, 61 can be generated by clocks 59 whose
synchromsm is mamtalned by any convement method but are preferable generated

by clocks whose synchronlsm is marntarned via a global posrttonmg satelhte_-

system (GPS). _
10 -




_12.. A net-hod according to claim 11, wherein the transfer del ay . of each

of the - 20 transfer links is adjusted to be at |east equal to the :
| ongest -transmi-t delay of the _ system. _ AT
met hod according to claim 11 or claim 12, wherein t anm eT ﬁ’éET

each-of the transfer links is adj usted to e equal L&C@@% ned :
limt. - 25 . 14. A net hod acco d| ng[}B Ngwgg? 11,3112,

or 13 wherein the | engt h of t he t r ansmijtP¥eFay "8 nEASUE at
the central source CLAMSNd is transmitted to the radi o

transmtters (13,14, 15, 16) after the test signal.

1. | A ra&fo system corhpri_s_i'ng : a central source {10) of signals for
transmission; a plurality af radio transmitters {13, 14, 15, 16), each connected to
5 the central source by a digital data transfer link (1, 2, 3, 4, 5, 6, 7, 8, 9), each
~ having a respec'_ci\)e transfer de‘la'y; means ({54) for i'njecting into a channel of a-
transfer link a test aignal ‘at intended predetermined times, means (58) for
'determlnmg the travel time: of the test signal over a link by establishing the
e oo difference - between- a_rrlval time  and- the intended predetermined time of
10 transmission, and delay adiustment means (57) for adjusting the transfer delay to-
at least one of.the radio transmitters to equalise the transfer delays to the radio
transr;'!itters, S0 that signal's-. originating from the central source (10} can be
" transmitted from the radio transmitters substantially in time synchromsm, |
characterised in that there is correction means {54) for measunng a transmit delay
15 betweéen the intended predetermined tlme of transmission. from the central source |
(10) of the test signal and the actual time of transmission of the test signal, and
for sending the length of the transmit delay over the transfer link, so that the

adjustment of transfer delay can be corrected to take account of the transmit

delay.

20
2. " A radio system as claiméd in claim 1, wherein the delay adjustment means
(57) is operable to adjust the transfer delay of each af the transfer link_s to be at N
least equal to the longest transmit delay of the system.

25
3. . A radio system as claimed in claim 1 or claim 2 wherein the delay
adjustment means {57) is operable to adjust the transfer delay of each of the
transfer links to be equal to a predetermined limit. |

30 | o

4. " A radio system as clalmed m any prevnous clalm, wherem the delay

adjustment means (57)compnses a variable length shift reglster.




i30‘ 15. A net hod according to claim 11, 12, 13, or 14 wherein the radio.

transmtters tiansm t quasi-synchronously on different -~ eghepctes.
BN REPLAGEMENT SHEET
9 Date : UBNUV]997
o 5 A radio system as claxmed in claim 4 wherein the shift register operates at
_aconstantrate.
5 6. A radio system as claimed in any preceding claim .whereir.\ each- ;)f'the

central source (10) and radlo transmltters (13, 14, 15, 16) has a clock (59) for

generatlng time markers at the lntended predetermlned times.

10 7. . Aradio system as claimed in claim 6 wherein each of the clocks (59) has
means for malntammg it in synchromsm with each of the other clocks via a global

posmonmg satelllte

16 8. A radio system as claimed in claim 6 or 7 wherein the correction means
{54) comprises means for measuring the transmit delay between the generation of

e . ‘a time marker and.the transmission of the test signal.

20 9. A radio system as claimed in any preceding claim having means in the
- control centre {10) for measuring the transmit delay and transmitting the delay to
the radio transmitters.

- 25 10. A radio system according to any preceding claim wherein the radio
i transmitters are a_rrénged to trsnsmit quasi-synchronously on different carrier
- frequencies. . . i -

W
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1 1 " A method of operatlng a radio system in whlch a sxgnal for transmssron rs'

"drssemmated from a central source (10) to a plurahty of radlo transmltters (13 14
15 16) at separate SItes, each connected to the central source by a d!gltal data
transfer link each havmg a respectlve transfer delay, the, method compnsmg the

5 steps of: "
{a) injeeti'ng' into a"channel.of a transfer link a test signal at intended
predetermlned times, ) ' ' C
' {b) determmrng the travel tlme of the test signal over a link by
-estabhshmg the difference- between- arrival- time-and the- intended predetermmed'.:" :

.10 _time of transmission . L _ _
{c) measunng a. transmit delay. between the intended predetermined
' trénsmission time and the actual time of transmission of the test signal, =
{d} sending the length of the transmit delay over the transfer'link, and. ..
. {e) adjusting the transfer delay to at least one of the radio transmitters
5 - {13, 14, 15, 16) t_o eq'uali's_e the transfer delays to the radio transmitters, so that
'signa-ls originating frem the central source {10) can be transmitted from the radio ™

transmitters substantially in time synchronism.

12. A method according to claim 11, wherein the transfer delay of each of the

20 transfer links is_ adjusted to Be at least equal to the longest transmit delay of the
system. ' o '

-13. A method accerding to claim 11 or ci__a_im 12, wherein transfer delay of

- each of the transfer links IS ;a_djusted to be equal to a predetermined limit.

25

14, A method accordmg to claim 11, 12, or 13 whereln the length of the
transmit delay rs measured at the central source (10) and is transmltted to. the
radio transmitters (13,14, 15 16) after the test signal.

30 15. A method accordl 'to claim 11, 12, 13, or 14 wherern the radlo_ o

transmltters transmrt quasn synchronously on dlfferent carner frequencres

Wy




