TEN D0

.1 . Tel econmuni ca't’i“*en“s'ystem radi o system and method /PO 3 TRy .
invention relates to a tel ecomruni cation systemconprising a first radio
systemusing a first clock signal for defining first channels mnultipl exed
in time, and conprising a second radi o syistem using a second cl ock signal
for defining second channels nultiplexed in tine. Such a

t el ecommuni cati on systemis of comon general know edge and conprises said
first radio systemand said second radio systemlike for exanple well known

GSM syst e The firs e S_sai st clock signal for defining
first con%?c@ﬂmffﬂ'céﬁ tss'%f’r{ﬂ"ﬁ’ XByY "t'?fh%gand situated in a first

frequency bond, and the second GSM system uses said second cl ock signal for
defining second comuni cation channels nmultiplexed in tine and situated in

a second frequency band being either equal to said first frequency band or
bei ng situated pear sald first fr
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an obj ect ventl on, ter al e a telecomunication
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and the second GSM system uses said second clock signal for defining second
communication channels multiplexed in time and situated in a second frequency band
being either equal to said first frequency band or being situated near said first
;‘requency band.

This known telecommunication system is disadvantageous, inter alia, because

of said radio systems causing too much interference at each other.

It is an object of the invention, inter aliq, to provide a telecommunication system
as described in the preamble, in which said radio systems cause less interference at
each other.

Thereto, the telecommunication system according to the invention is
characterised in that the telecommunication system comprises a coupling between the
first radio system and the second radio system for creating a predefined phase
difference between at least one first channel and at least one second channel by
adjusting at least one of said first and second clock signal.

Due to the presence of said coupling and the creation of said predefined phase

difference as a consequence of said adjustment, the first location of said at least one



.2 . first channel and the second |ocation of said at | east one second
channel can be chosen (adjusted) such that interference is at a m ni num

| evel . The invention is based on the insight that said | ocations of
said channels affect their interference. 2 The problem of said radio
systens causing too much interference at each other is thus solved by
adjusting at | east one of said first and second cl ock signal via said
coupl i ng. It should be observed that it is of commobn general

know edge to .reduce the,interference in t radi,o syste i ntroducing a
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t el ecommuni cation _system according to the invention is characterised in
that said éb%fb!ﬂ"?@eréaﬁ?)ri ses a phase shifting device. Such a phase
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A second enbodi nent of the tel ecomunication system according to the
i nventi on is®ughagacteri sed in that said phase shifting device alters a

TR 2 1S M R

val ue. I I'ng vVice recerve ®0®sai d

cl ock si gnghferfaRshcBd $wd radiblERAlsydnfredséiagla Aarldes pRasd fok LRARIFIRHIP BRZR -
A third enbodi ment of the tel ecommunication system according to the

i nvention isigndimrladhie casetheraisthmcoupling heteeen bttt tddie) syitams forahe erention of
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value to or fromthe phase, which value is continuously increasing or
decr easi ng. A first embodiment of the telecommunication system according to the invention

is characterised in that said coupling comprises a phase shifting device.

Such a phase shifting device, which receives one of said clock signals and in
response generates the other clock signal having a shifted phase, could be located
either between both radio systems or inside one of both radio systems.

A second embodiment of the telecommunication system according to the
invention is characterised in that said phase shifting device alters a phase of at least

\ one of said first and second clock signal with a constant value.

In this case, the phase shifting device receives one of said clock signals and
adds or subtracts a constant value to or from the phase.

A third embodiment of the telecommunication system according to the invention
is characterised in that said phase shifting device alters a phase of at least one of said
first and second clock signal with a value which is continuously altered in time.

In this éuse, the phase shifting device receives one of said clock signals and
adds or subtracts a value to or from the phase, which value is continuously increasing

or decreasing.



3. The possibility of both radio systens each one having its own

cl ock generator, whereby the coupling is only used for exchanging a control
signal for creating said predefined phase difference between said channels
by adjusting at |east one of said clock s3gnals, should of course not be
excl uded. Sai d coupling between said first and second radi o system
coul d, of course, be either a wired one or a wreless one, whereby in the

| ast case for exanple said second radio systemnonitors said first channels
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di ff erence. e invention further relates to a radio systemusing a
cl ock si greredétimediphase differsnanheihsesrusdid ghoreels by adijvsting at least ofbef saidi o
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third enbodiffeeanceof the radio system according to the invention is
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one of said cloc nal and s he

I s cont i nughtsinelsabRiphsket fin tinie: . The invention yet further rel ates
to a nethod for_providing first radio comunication via a first radio
system using a The gmdies sicgering o thedhventiag is ichgracterised in that the radio

system comprises a coupling for a further clock signal belonging to a further radio
system using said further clock signal for defining further channels multiplexed in time
for creating a predefined phase difference between at least one channel and ot least
one further channel by adjusting at least one of said clock signal and said further clock
signal.

A first embodiment of the radio system according to the invention is

\ characterised in that said coupling comprises a phase shifting device.

A second embodiment of the radio system according to the invention is
characterised in that said phase shifting device alters a phase of at least one of said
clock signal and said further clock signal with a constant value.

A third embodiment of the radio system according to the invention is
characterised in that said phase shifting device alters a phase of af least one of said
clock signal and said further clock signal with a value which is continuously altered in
time.

The invention yet further relates to a method for providing first radio

communication via a first radio system using a first clock signal for defining first



.4 . channels nmultiplexed in time, and for providing second radio

conmmuni cation via a second radi o systemusing a second clock signal for
defining second channels nultiplexed in tine. The net hod according to
the invention is characterised in that tBe nethod conprises the steps of -
supplying at |east one of said first and second cl ock signal respectively
to at | east one of said second and first radi o systemrespectively, and -
creating a predefined phase di fference between at | east one first channel
and at | east

nnel ust,i e t one of.said first and
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di fference conprises a substep of altering a phase of at |east one of said

first andrnsdtplesedirotimesi gnal with a val ue. From DE 32 24 922

Lo be.transm 1 158 MABARAccasing fathe reends P oriessed e g methadl vp

91/ 13502 (g fs@éﬂ?e gp carrier frequency hopping is known. The
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fi gure 1 di scl oses an overview of a tel ecom‘rum cation s¥/st em according to
the invention iAtitshembgdimentnfithe methed arerydingdgrtheinvestienisneharpelarisgdin
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coupl ed Vighaie & dPlddifone of said first and second clock signal with a value.

From DE 32 24 922 (Standard Elektrik Lorenz AG) it is known to delay
irregularly information to be transmitted from a subscribing station to a base station.
From WO 91/13502 (Motorola) shared carrier frequency hopping is known. The
invention of creating a predeﬁn.ed phase difference between ot least one first channel
of a first radio system and at least one second channel of a second radio system is
neither known from DE 32 24 922 nor from WO 91/13502. All references including
\ further references cited with respect o and/or inside said references are considered to

be incorporated in this patent application.

The invention will be explained in greater detail at the hand of embodiments
disclosed in the drawings, whereby

figure 1 discloses an overview of a telecommunicuﬁon system according to the
invention including two pairs of timing diagrams defining channels multiplexed in
time, and .

figure 2 discloses two radio systems according fo the invention comprising two

base stations which are mutually coupled via a coupling.



5 . The tel econmuni cati on system according to the invention as
disclosed in figure 1 conprises a Public Swi tched Tel econmuni cati on Network
or PSTN, a first Mbile Switching Center or MCS1 of which a first side is
coupled to said PSTN and of which a secorgl side is coupled to a second Base
Station or BS2 for serving a second area Il and to a fourth Base Station or
BS4 for serving a fourth area IV, and a second Mbile Switching Center or
MCS2 of which a first side is coupled to said PSTN and of which a second
side is couple

t first .B Stati . BS1 for Vi i rSt. |
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of BS2, said second channéls being shifted in phase with 90 degrees with
respect t osegang smrer ig @oealgaﬁ@ lassecaid Boge Stq%qqnoprt@ef%étsam%o Bsgorzdigrqoﬂé
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each subsequent one of said fourth channels being shifted in phase with an
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nodul at or 11, a denodul ator 14 and a decoder 15, and conprise said second

base st at i pair Eliming diagramsdefiningsirsbeharmelsomuliiphaxed|in time of BSddend 23ecora

dul at 1 d dyl at 24 d d 25. An i t d 12 |
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coupled to an input of a coupler 13. An antennae 16 of BS1 is coup to an
i n/ out put fefurthoogeecstatiksy B4 amhimutually coupled via st seoapd! eduplingamesuting irof
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t o an i nputhainels being shifted in phase with an increasing number of degrees with respect to
the previous fourth channel and with respect to said third channels.
The two radio systems according to the invention as disclosed in figure 2
comprise said first base station BS1 including a processor 10 for controlling a coder
\ 12, a modulator 11, a demodulator 14 and a decoder 15, and comprise said second
base station BS2 including a processor 20 for controlling a coder 22, a modulator 21,
a demodulator 24 and a decoder 25. An input of coder 12 is coupled to an input 17
of BS1 for receiving signals from MSC2, an output of coder 12-is coupled to an input
of modulator 11, of which an output is coupled to an input of a coupler 13. An
antennae 16 of BS1 is coupled fo an in/output of coupler 13, of which an output is
coupled to an input of demodulator 14. An output of demodulator 14 is coupled to an
input of decoder 15, of which an output is coupled to an output 18 of BS1 for
transmitting signals to MSC2. An input of coder 22 is coupled to an input 27 of BS2

for receiving signals from MSC1, an output of coder 22 is coupled to an input of



6 . nmodul ator 21, of which an output is coupled to an input of a coupler
23. An antennae 26 of BS2 is coupled to an in/output of coupler 23, of

whi ch an output is coupled to an input of denodul ator 24. An out put of
denodul ator 24 is coupled to an input of decoder 25, of which an output is
coupled to an output 28 of BS2 for transnftting signals to MSCL. Both
processors 10 and 20 are nutually coupled via a coupling conprising a phase
shifting device 30. The tel econmuni cati on system according to the

i nvention conprising BS1 and BS2 functions as follows. Processor 10
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BS2, with said.coupling for.exanpl e conprising phase shifting device 30, at
| east one HIMRHHASHM Pl%‘gseaﬁﬁﬂ'ggégﬁﬁea%ock signal can be shifted in phase
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the invention conprising BS3 and BS4 functions in a correspondi ng way,
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degrees, and then increases again, etc.
using said coupling between BS1 and BS2, with said coupling for example comprising
phase shifting device 30, at least one of said first and second clock signal can be
shifted in phase with respect to the other, thereby reducing said interference. For
example a phase shift having a constant value of 90 degrees will offer good resulis.
Phase shifting device 30, of course, is just an embodiment, because of another
possibility being the transmission of a data signal from one of the processors to the
other, with said data signal indicating the required phase shift to be realised inside a
processor or between said processor and the corresponding decoder and modulator
or inside said decoder and/or modulator.

The telecommunication system according to the invention comprising BS3 and
BS4 functions in a corresponding way, apart from the phase shift this time having a
value which increases all the time. Another possibility which should not be excluded is
said phase shift having a value which increases from O degrees fo for example 180

degrees, and then decreases from said 180 degrees to for example O degrees or -180

degrees, and then increases again, etc.



A As a consequence of this invention, for exanple within the range
of a first radio system a second (additional) radio systemcan be built,
usi ng (alnost) the sanme frequency band, which is very advant ageous.
According to an ot her enbodi nent, said cgupling between said first and
second radio systemis a wireless one, whereby for exanple said second
radi o systemnonitors said first channels of said first radio system and
derives said first clock signal fromsaid nonitored first channels and
generates said,second clock signal in response to the derived first cl,ock
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coupl e t wirasaseidsmanitares first channgls and gersiptes spishsasangdoaksignal iriresponse

via for e | [He . i e. switchi . { £k . cour se,
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exanpl e a resdisrig 57211 bhmigeses. deng atsbift pbonmlimevweiat0890 time stads m ' r adi o
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controllers and one or nore Mbile Swtching Centers or MSCs. Therefore,
MSC1 and MSC2 di is of oeeunomgénenalt knawledge do tavplediase stationp lirstiredily eict dry

' nstead of o ul 2 bnel Maimesante Cermtar bf ORC! Ahd ¥ 2558le Mt diraty o
synchronisation purposes. In both cases, there is no coupling for creating a predefined
phase difference between channels of both radio systems. Such a coupling for creating
said predefined phase difference will preferably couple two base stations directly, but
could also couple them indirectly via for example one or more mobile switching
centers.

. Of course, coders 12 and 22 could, apart from a coding function, also have
further functions like for example a decoding function, and decoders 15 and 25 could,
apart from a decoding function, also have further functions like for example a coding
function. According to the narrowest scope the ferm ‘radio system’ will only comprise a
base station or a combination of an antennoe and a transmitter, according to the
broadest scope the ferm ‘radio system’ will comprise a set of base stations and one or
more base station controllers and one or more Mobile Swifching Centers or MSCs.
Therefore, MSC1 and MSC2 disclosed in figure 1 could further be coupled directly
instead of via the PSTN and/or could be integrated into one MSC.



8 . Cdains 1. Tel econmuni cati on system conprising a first radi o system
“using a first clock signal for defining first channels nultiplexed in tine,
and conprising a second radi o systemusing a second cl ock signal for
defining second channels nultiplexed in tjnme, characterised in that the
t el econmuni cati on system conprises a coupling between the first radio
system and the second radi o systemfor creating a predefined phase
di fference between at | east one first channel and at |east one second
channel by adjusting at |east one of said first and second cl ock signal.

2. Tel ecOlaimigi cati on system according to claim1, characterised in that
sai d coupling conprises a phase shifting device. 3. Tel ecomruni cati on
system according to claim 2, characterised in that said phase shifting
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V\nthaconstant va m accor ng to claim
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| east one said first and second clock signal with a value which is
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channels multiplexed in tinme for creati ng a predefined phase difference
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at | east one of sai,d cl ock si and sai d, further clock signal.
c? ust {ng at least one of sc?cpﬁrsf c:mgl second clock s:gnaF g
)

2. Telecommunication system according to claim 1, characterised in that said

coupling comprises a phase shifting device.

3. Telecommunication system according to claim 2, characterised in that said
phase shifting device alters a phase of at least one of said first and second clock signal

with a constant value.

4, Telecommunication system according to claim 2, characterised in that said
phase shifting device alters a phase of at least one of said first and second clock signal

with a value which is continuously altered in time.

5. Radio system using a clock signal for defining channels multiplexed in time,
characterised in that the radio system comprises a coupling for a further clock signal
belonging to a further radio system using said further clock signal for defining further
channels multiplexed in time for creating a predefined phase difference between at
least one channel and at least one further channel by adjusting at least one of said

clock signal and said further clock signal.

* c L M § *



9 . 6. Radi o system according to claimb5, characterised in that said
coupling conprises a phase shifting device. 7. Radi o system accordi ng
to claim®6, characterised in that said phase shifting device alters a phase
of at |east one of said clock signal and said further clock signal with a
constant val ue. 8. Radi o systen1accé}ding to claim®6, characterised in
that said phase shifting device alters a phase of at |east one of said
clock signal and said further clock signal with a value which is
continuously altered in tine. 9. Met hod for providing first radio
conmuni caté.on \Radli@ systérhilactardiny fy 8bRM3)Shaticterised 3 thadtcald souptiag f or
defining first channels nultiplexed in time, and for providing second radio
conmuni catdosnprides caphaessothifting dievicey st em usi ng a second cl ock signal for
defining second channels nultiplexed in time, characterised in that the

met hod conprises the steps of - supplying at l.east one of said first and

second cl ogk simpb sySSRRILONEAY 14 Blafth 4§, R&FaciEIB el in HUtAaRPHRGEE SHIing . T St
radio systemrespectively, and = creating a predefined phase difference

bet ween atdévezstlterne ghasetof ahbemstonaniisait dleckstigmo @nsessad furteamhoek signal
adjusting at, | east. one of said first and second cl ock signal. 10. Method
accordi ng with gconsiast valugr act erised in that said st ep of creating said
phase difference conprises a substep of altering a phase of at |east one of
said first and second clock signal with a val ue.

8. Radio system according to claim 6, characterised in that said phase shifting

device alters a phase of at least one of said clock signal and said further clock signal

o

with a value which is continuously altered in time.

9. Method for providing first radio communication via a first radio system using a
first clock signal for defining first channels multiplexed in fime, and for providing
second radio communication via a second radio system using a second clock signal
for defining second channels multiplexed in time, characterised in that the method
comprises the steps of

- supplying at least one of said first and second clock signal respectively to at least one
of said second and first radio system respectively, and

- creating a predefined phase difference between at least one first channel and at least

\ one second channel by adjusting at least one of said first and second clock signal.
10.  Method according to claim 9, characterised in that said step of creating said

phase difference comprises a substep of altering a phase of at least one of said first

and second clock signal with a value.

T



