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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 §é§wsimilar utility services.

Geographical considerationsﬁﬁ and transmitter power

restrictions, for example, often mean that it is not
'"the area served by such

possible to achieve coverage
so the multiple

services with a single transmitter site,
of a gquasi-synchronous or

transmitter'site configuratio
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
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identical in ail respects and in particular are transmitted
the same circumstances may occur.

*adlo system the necessary

on the same ZIrequency,

In a quasi-synchronous
accuracy of radio carrier frequency can be provided by
using accurate ovened osclllators at the transmitters. The
synchronisation of the - modulatea signals between
typically, an éccuracy

W

neighbouring transmitters _-aulres,

of:
AM systems: maximum amplitide differential 3dB

10 maxlmum phase dlfferential 300
or 0. 018fo . _

wnlchever is greater
(worst case 50 microseconds)._

FM syetems: maximum amplitude”differential 2B
maximum phase differential 10° 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 limits across the audio band

}300Hz-3400HzL' One solutionﬁto 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 aifferences in their path lengths. Analogue

land lines have also been use&;”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 trade’ :mark) service offered by

British Telecom Whlch prov1des customers with 2.048Mb/s
Other examples of

digital paths between pairs oﬁ_sltes.
digital data netwbrks 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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Digitai-Network) 3y coﬁhecting appropriate multiplexers
at eachtend, the clgltal hearer can be used te¢ carry a
vatietyfor trafiic, -nclucldg digital coded audio signals.
In geh‘e‘r'al with such digital data networks the connection
is o*ovzded through a trunk network,

nelng via a local ' exchange. A

is not dlrect, but
with- customer access
characteristic 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, ete.
Thls dynamlc re-routi ng facility is such that there is
in the nrovagatlon delay which will be

an unce:;alnty
travelling between two network

experieoced.by a szgnal
terminations. The variation can be of the order of
millis.e‘_c.on&_s— which therefore, apparently, rules out any
possibility of using fsuch networks to support
quasi-synch*onous'radio directly.

Accordlng to a first asnect the invention provides a
radio system comprising : a central source of signals for

transmission; 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
travel time. of the test s;g“{l over a link by establishing
the differegce between arrival time and the intended
predetermiﬁe&'time of transmiésion, 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 f:om ‘the central souxge can be transmitted from the
1time synchronism,

transmitters substantially ii
characterised in that ther”. is correction means for
measuring ':a : transmit delay between the intended
4’ transmission t?me and the actual time of
£ the test 51gnal and for sending the length

predetermined
transmission
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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 wvarious
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 output of which

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

which unit is

connected to a respective site- transmitter,
measuring un:.t 'S8 with assoc:.ated _eclock 59,
connected to receive an oq.tput from the respective
multiplexer 56 and connected t¢ f_"-_'_;_’?'rovide a control output to
the respective variable delay fli-fzxe 57.

The operation of the syst_é_"_;’n will now be described in

general terms. "ﬁfa’n analogue sitjﬁ_él 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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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 asfﬁhe start of every minute or
every second, the test signaﬁisouree 54 at the control
centre 10 site applies a test;éignal (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’aigital 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

1'reference to figure 3. The
ntrol centre 10, and each

described in greater detail wit
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 1n_figure 6, at predetermined
intervals, eg every minute or every second. The time
marker is a pulse of 20us duratzon.

As soon as possible follqw;ng the generation of the
for example at the start of the next clock

time marker,
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cycle, a ¢ st-eignal is t*ansmlt ed by the test signal
source 54 to eacn o: the transmltter sites via the digital
data 1etwor< 52 The delay between. occurrence at the
control cent*e ‘10 of the tlme marker 60 and the start of
transmission of the test 51gnal is termed the "transmit"
delay. The teansmlsSLOn of theytest signal is followed by
a t*ansm1551on fron the cont"bl centre to each of the
transmitter s;;es of the length of the transmit delay. This
information 's transmitted by means of a data packet
comprising a 16’ blt header forming the test signal followed

by an 8 bit fielo-contaznrng the value of the length of the

transmit delay.

At each ‘transmitter site -at the imstant local time
marker 61 Ls_generated the delay measuring unit 58 starts
a timer. Theee timers measure the delay before the test
signal arriveétet each site, and this measured delay is the
nronaaation déiay of the data:network plus the transmit
delay as snown ln figure 3. -

In order to determine the Dronagat’on delay itself the

delay measur;ng-unlt 58_awa1ts the transmission of the

length of th_ej'fff'?"t-ransmit delay, which follows each test

signal, andftheg_subtracts this transmit delay from the

measured delav"'
It is ‘moortant for an acéﬁrate determination of the

propagatlon"c_lay “that the transmlt delay is included in
atlon because the generation of the time

the delay calc
markers is uniikely to be synchronous with the digital data

network. Tﬁ;é}neens that not- taking the transmit delay
into account coﬁfd 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
which is a significant

e.qg.
channel thls”WOuld be 15. 625us,

error. : _
Having a curately measured the propagation delay of

the digital’ dete network to each transmitter site,
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ional delays are then inserted into each signal path

additi
by each of the delay lines 57 at the transmitter sites.

These additional_ 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

rate, but whose length can be varied according

a constant r
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
In this case the transmit
period between

multiplexing of that channel.
delay would, significantly, be the
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 synéhrqhism is maintained by any convenient method,
but are prefeiable generated by clocks whose synchronism is

maintained via,a global positioning satellite (GPS).
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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,
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.

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

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 transmitte
the test signal.

11. A gquasi-synchronous bl-dlﬁeitional radio system for
communicating with a mobile stati n comprising:

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

and




This:Sheet Has Been Replaced :

HIIllII T

- - 10 -

control centze and the mobile stations; for each
transceiver a respective link connecting the control centre
and the transceiver, and a delai_equalizer for equalizing
the delay in transfer of signal$ 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 dissemihatea:from a central source to
a plurality of transmitters at separate sites, comprising
the steps of:” ] To- )
(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 qguasi-synchronous radio system substantially as
herein described, and with refeﬁence to the accompanying

drawings. B

15. A method of operating a radip:system substantially as

herein described, and with refe?énce to the accompanying

drawings. -

Ll



