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MOBI LE RADI O SYSTEMS This invention relates to nobile radio
systens. The invention will be described primarily in relation to
cel lular rad™®%@#M8rks. However the invention is 5 also & to
-other nobile radio systens, such as private nobile radio (PMR syst ens.
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Several radio channels are provided to allow simuitaneous communication with
several mobile units. These radio channels may for example be separate time slots
in a time-division scheme, and/or different radio frequencies. The radio base
stations are themselves physically connected by fixed links to a switching centre,
and thereby a communications link can be activated between two mobile units via
respective radio base stations, or between a mobile unit (again via a radio base
station) and a fixed telephone network e.g. PSTN, or other cellular radio system, or
other telecommunications network.

The radio base stations require control functions to establish radio
communication with mobile units, and to carry out various other functions to
determine which mobile units are within its area of coverage in order to direct
incoming calls to the correct mobile unit, and to arrange handover of calls should a
mobile unit move during the course of a call from the area served by one base
station to that served by another. Such control functions include commands to the
redio base stations to communicate with a mobile unit on one of its allocated
channels, including instructions as to when to start and terminate the call, or to
carry out handover processes.

In the GSM (Global System for Mobile radio} standard, these control
functions of the radio base stations are functicnally, and usually physically,
separate from the transceivers thay control. The control functions are performed
by a “Base Site Controller” {(BSC) controiling the radio transceivers of several radio

base stations, (known in the GSM system as “Base Transcsiver Sites” (BTS)),



incomng calls to the correct nobile unit, and to arrange handover of calls

shoul d a nmobi l e unit nmove during the course of a call fromthe area
served by one base 25 station to that served by another. Such control
functions include conmands to the radi o base stations to communi cate
with a nobi lygoWhdegon one of its allocated channel s, i pet/ddoéndose
instructions as to when to start and termnate the call, or to carry
out handover processes. In4he GSM (G obal Systemfor Mbile
radi o) standard, these control 30 functions of the radio base stations are
functionally, and usual | y physically, separate fromthe transceivers
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WO 97/ 24008 functions in a small number of Iocations in this way, to provide ease of access for
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may be sone di stance away. Because of the conplexity involved, it

advant ageSuscopyenienteehey 'atnet fimisativecarsths sgoregefi thaslaims.- dn pasticuiamit $h9utsb nt r ol

functions i meAnstER! thal YRE QErn? (“rddie Hab® IfatioR” ldhitadtdYa Hale F{Fé?%béi@ereé\%e_
access for mai nt enance. The term nol ogy used in the GSM standard i
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tens of kil qu'ggtraggal p:l;rr]te ofC 9hnenl?'l rE:st?ucture of the celiular radio network. in many cases
the fixed links from several base transceiver sites meet at some point, hereinafter
referred to as a “branch point”, intermediate between the base transceiver site and
the base site controller or other switch, and continue from the branch point over a
15 common trunk link, for the rest of the route to the base site controller or other
switch.
Each base transceiver site has a number of radio channels available to it.
The number of channels determines the maximum number of mobile units which
can communicate with a base transceiver _site simultaneously. In order that this
20 maximum capacity can be achieved, the fixed physical link between the base
transcéiver site and the base site controller requires at least the same number of
individual communication channeis to be available to it. The term “channel”, as
used herein, refers to the resources (time slot, cable, carrier frequency etc) used to
carry an individual call over the communications link or links in question. A “radio
25 channel” is such a channel in a radio link, and similarly for a “trunk channel” etc.
For that part of the routing between the various base transceiver sites and
the base site controller which is shared over a common trunk link, the number of
channels required in the fixed link is equal to the total capacity of all the base
transceiver sites. This is wasteful of the capacity of the link over the common
30 trunk, because it is most unlikely that all the base transceiver sites will be
operating at full capacity at the same time.
Even in systems in which the control functions and radio transceivers are

physically co-located in a radio base station, (that is to say, the base site controller



10 between the base transceiver sites and the base site controllers can
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15 However, this system suffers from a number of disadvantages. Firstly,
the basic element of an SDH carrier, known as STM-1, has a capacity of 155
Mbit/s. A typical microcell site requires only 320 kbit/s. Consequently, to use the
SDH network to capacity, more than 500 microcell sites would have to be served
by each loop if the total combined capacity of the base stations is to be greater
20 than the capacity of the SDH system. This is an inefficient use of the capacity of
the SDH system, as each microcell on the loop has to be fed by two 155 Mbit/s
connections, in order to supply a 320 kbit/s capacity. Moreover, five hundred
microcell sites would serve a large area, and to have a large area served by a
single loop would leave it very vulnerable to any faults - two faulty links could
25 isolate all five hundred microcells. Also, the physical size of an add-drop
multiplexer is very much greater than that of the microcell base site electronics
itself, so such a microcel!/ADM combination would be less convenient to install,
and have greater visual impact. Moreover, the arrangement described in the
above-mentioned patent specification has a single base site controlier (BSC) and
30 mobile switching centre serving all the base transceiver sites. This requires
control signals to be transmitted over the SDH loop between the BSC and each
BTS. A channel for such control signals, to control handover etc, must be available

to each base transceiver site, even when not in use, so that a handover can be
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According to a second aspect of the invention, there is provided a method

20 of operating a mobile radio system comprising a plurality of radio base stations

each capable of transmitting to, and receiving radio signals from, mobile radio

stations on a number of radio channels, each radio base station being connected to

an associated intermediate switch by an associated communications link having at

least the same number of channels as the radio base station has allocated radio

25 channels; and one or more trunk communications limks, each trunk

communications link serving a respective intermediate switch and having fewer

channels than the total number of radio channels of the plurality of base stations
served by its respective intermediate switch,

the method comprising the steps of controlling one or more of the radio

30 base stations connected to an intermediate switch, and their associated

communications links, so that the total humber of radio channels in use by the

radio base stations served by an intermediate switch is less than or equal to the



control signals to be transmtted over the SDH | oop between the BSC and

each BTS. A channel for such control signals, to control handover etc,
nmust be avail abl e to each base transceiver site, even when not in use,
so that a handover can be WD 97/ 24008
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I-nitiated. Each channel of each base site transceiver has its own
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in the preferred embodiment, the trunk communications link connects the
intermediate switch to a base site controlier where the main base station control
functions still take place. in one arrangement, one or more first intermediate
switches are connected by their respective trunk communications link to a further
15 one of the intermediate switches, the further intermediate switch thereby sérving
the base stations also served by the one or more first intermediate switches. The
further intermediate switches may themselves also serve one or more further base
stations directly. .
In an enhancement of the invention, the introduction of a limited switching
20 capability at a branch point alse allows the channels to be routed selectively over
common physical trunk links between the branch point and the rest of the
network, thereby providing some safeguard against total loss of the links. The
radio base stations are not dedicated to individual channels over the trunk link
between the intermediate switch and the rest of the network, so in the event of
25 the loss of one of the physical trunk links, each radio base station can have some
of its channels routed over the remaining physical link or links, thereby allowing all
radio base stations to continue operating, albeit probably with lower capacity.
Preferably, each radio base station has associated control means to
selectively enable and disable one or more of its available radio channels (and
30 associated channels in the communications link) such that the total number of
enabled radio channels does not-exceed the number of channels in the .trunk link,

and the intermediate switch has means to allocate the channels in the trunk link to



than or equal to the nunber of radio channels in use by the base stations
It serves. According to a second aspect of the invention, there
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In an alternative arrangement the channels may be allocated dn the basis
of actual demand, so that a channel in the trunk link is only allocated to a radio
base station when communication with a mobile unit within the coverage area of
the radio base station is required. In the case of handover of a mobile unit from

15 one radio base station to another served by the same intermediate switch, it may
be arranged that the connection in the intermediate switch of the trunk channel
allocated to the call is transterred from the first radio base station to the second
radio base station at the time of handover, thereby allowing the call to continue
even though the trunk link is operating at full capacity.

20 The selection of radio base stations which share trunk channels in the
trunk link can be made according to predicted demand patterns. For example, a
base station which is used to maximum capacity during the travel-to-work period,
but is quiet during working hours, such as one serving a major railway station, may
share with a base station in which the converse is true, such as one serving a city

25 centre. The base stations need not be physically close to each other: the only
geographical requirement is that they are served by the same intermediate switch,
i.e. the same branch point.

The trunk communications links may be controlled by a transmission
network management means, and the system may further comprise a traffic-

30 demand data-input means, and a transmission capacity controller for co-ordinating
the operation of the radio resource control means and transmission network
management means in response to inputs from the traffic-demand data input

means. The data used may be historic, but is preferably monitored in real-time.



5 intermediate swtch, |ocated at the point where the routes to the

I ndi vi dual base stations branch, and the rest of the network. The
branched | ayout is nore efficient than a loop, both in terns of total
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as an alternative to the SDH, as will be7descri bed. In the
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al l ocate the chann'® °§d?'rf°t<4?8eism5ﬁ3gf ?'{’}E"‘Iﬁ‘{y RioSefl & Ardt ESidaPthe TR 1
demand in an illustrative system. The problem has been greatly simplified for the
purposes of this iflustration, but the underlying principles would apply in a more
complex system having many base stations and more variable loadings.

20 Figure 1 shows illustrative traffic levels for three radic base stations of an
illustrative cellular radio system. Each radio base station (BTS} A, B, C has a
maximum capacity of 45 communications channels, but these radio base stations
do not all require that maximum capacity at the same time. In a morning period t1
{from TO to T1, 7 a.m. to noon} the radio base station B requires its full capacity of

26 45 channels, whilst radio base stations A and C require 30 and 15 channels
respectively. In an afterncon period t2 {from T1 to T2: noon to 6 p.m.} the radio
base station A requires its full capacity of 45 channels, whilst radio base stations
B and C require 30 and 15 channeis respectively. in an evening period t3 (from T2
to T3: 6 p.m. to midnight) all three radio base stations A, B, C require 30 channeis.

30 In a night period (T3 t‘o T4: midnight to 7 a.m.) the radio base station C requires its
full capacity of 45 channels, whilst radio base stations A and B each requira only
15 channels. .

Figure 2 shows a basic layout in which the three radio base stations (base

transceiver sites BTS} A, B and C are connected to a switching centre MSC
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or 10 is hanffed BodE(TomIhe base tanseRIvAr sfie do Adsarchaeint H, a"d a°°mm°n trenkn

al ternative ;ﬁfrﬂ&ﬂ@&;ﬁ?ﬂ‘thd lsrenahﬁclnmem&o Elﬁé/tt:&a sEblc@ﬁlE&lBFlBQﬂlﬁﬂelIlhé}Flisfpn r of
actual de sg that a chanpel jn.the trun is only allocated to a
radi o gaa%'e S¥tem; 1B ’Wﬂé‘g ROBYHH, 15 SRPlY AhPRSIG! conpsesiancbetiveen fhe bianch he
cover age ar gsorfibn and trbhie portidh of bmrsﬁs&taumn 14 meqgired. In the case of
handover of a nobile unit from 15 CE] %d @Ease station to another served
by the same inter AR dhe sEsten ﬁ%é’ﬁ'" n a cefyjlar radi Fystem Asgording te dhmect i on
i n the int erpretinati@nsbaidingdnt of tﬁmmmnumk.sqimmaad The GshM Qﬁb@érﬁ@aélﬂehﬁﬁe gal |
Is transferred from rst. radi o base station to t secon radi o
base stati orf’"gt tef'ﬁ'éwtogﬁear%f“??aﬁ?fﬁ'vef?' ﬂl?‘ﬁ%?‘@’ﬁyp“éﬂ’qs(?ﬁm 'Hgtﬁlsh%’sﬁeé\‘ therg &¥nt i nue
even t hodgh dgain thiraakbasé nkanisceiegpeditesi Ag Badnd uﬂ bommelfoya bténch point H The

sel ection of,,radio_ bas i ch har nels in the
STk | P anfsioh taaatus il i oy £6 AT Bhr GreTRPradd BEARY CfRLfuRk Al .
a base slinatﬁ cm a\/\mobi‘e swntm@cemmswm\napamé )sltdlubhﬁglldr IBsC (11).

: re?xleln;:]t g- ) or r al ﬁrﬁ( O hept F n"%ls 6, ge%%?%ﬁ%"@'&%%s‘é %"Pfi'?luag% "gﬁ m ch
t he conver seeach plermmengud!adnaaedmeumcn@ anecoftthie B&scmhtgnbek T hestéed; én
sior oot BleEnBly S k51 R85 B 1 Boieckls T nperhet oo
swi t ch, funetionality whieh wWitl hecdespuibhast below. This functionality is controiled by a
transmission network manager 3 of an intelligent network control system, which
also controls cross connects in the base site controlier BSC 11. The network
control system also includes an operation and maintenance centre (OMC) 4 for
20 controlling the radio resource, essentially the base transceiver sites A, B and C
working to the base site controller BSC (11). The branch point H is connected to
the base site controller by the trunk link 6. The transmission network manager 3
and OMC 4 are under the overall control of the mobile switching centre (MSC) B.
The necessary control signals, represented by dotted lines in Figure 3, are
25 transmitted from the OMC 4 to the base statations A, B, C and from the
transmission network manager 3 to the base site controller 11 and hub H over the
physical links 7a, 7b, 7c and 6. It will be appreciated that various architectures
are possible for the transmission network. The trunk link 5, including channels 6d,
6e, 6f, may be part of a complex transmission networks whose physical
30 architecture includes multiple redundancy, alternative routings, etc, all under the
control of the transmission manager 3.
Figure 4 shows the functional relationship of the various elements of a
more complex network, also in accordance with the invention, illustrating a

number of individual features of the branched network. It should be recognised



The trunk conmmuni cations links may be controlled by a transm ssion

net wor k managenent neans,

dermand dat a-i nput neans, and a transm ssion capacity controller for

co-ordinating - the operation of the radio resource contrgl neans and
transm ssi on WesHeAns managenent means in response to i nPAEBPEA% he

traffic-demand data i nput nmeans. The data used nay be historic, but
preferably nonitored in real-tine. 9 V\097/24008
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and the systemmay further conprise a traffic-
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use of a synchronous digital hierarchy loop arrangement at this level in the
network, but not in the links to individual base stations. As a precaution against of
the failure of the mobile switching centre 8, a second mobile switching centre 18
is also caonnectable to the base site controllers 11 to 11g, as well to its own
dedicated base site controllers 12a, etc to 12n. Similarly, should the second
mobile switching centre 18 fail, then the base site controllers normally served by
that mobile switching centre can be controlied by the mobile switching centre 8.
Each base site controller and mobile switching centre is connected into the
synchronous digital hierarchy network by means of an add-drop muitiplexer ADM,
which extracts the traffic intended for the individual base site controller from the
network and adds, to the SDH loop, traffic originating from that BSC. It should be
noted that the add-drop multiplexers are controlled in order to extract the relevant
signails from the multiplex carried on the main loop. Moreover, if a synchronous
digital hierarchy is in use, the minimum amount which can be extracted from the
synchronous digital hierarchy system is determined by the capacity of an individual
module of the hierarchy, known as “STM1”. The minimum capacity of a complete
SDH system, on which such STM1 modules are carried, is of an aﬁpropriate size to
serve the area covered by an individual mobile switching centre,

Each individual base controller (BSC) serves a number of base transceiver
sites. This is illustrated specifically only for one base site controller 11, but it will
be appreciated that all the other base site controllers 11a - 11g serve a similar
arrangement of base transceiver sites. Each base site controller may serve one or
more main hubs. As shown in Figure 4, the base site controlier 11 serves two
hubs H1 and H4. The branched structure of the hierarchy may take may forms, of
which two are illustrated in Figure 4. In the first example, serving base transceiver
sites A, B, C and D, base transceiver sites C and D are connected to a hub H3

which has a dedicated respective trunk link 23 which is connected to a second hub

{poous digital highwayr e



Figure 6 shows a tineslot allocation pattern in use on one of the
comuni cations channels of a trunk link of the sinplified system
illustrated in 15 Figure 3. In order to understand the
invention, it is useful to first consider the traffic demand in an

Il lustrati vavoygiseee The probl em has been greatly sinplifi edricesredsnss _
purposes of this illustration, but the underlying principles would apply in
a nore conpl ex system havi ng many bage stations and nore vari abl e

| oadi ngs. 20 Fi gure 1shows illustrative traffic levels for three
radi o base | ustrative cellular radio system Each
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| ayout |10 whomiectducbyt hmeans ¢feujnesp¢mwe tshhﬂmlo 24 t§ ldeeslease sitetcoamsleeier sites

C WO
5;/8)248\0 88 and C aﬁ&aﬁg’é‘ QE&;[ ?rﬂnﬁ ?lnl?‘ 2§W|2t2C %”%4“3? % %@ serves only a small

PCT/ GB96/ 036a@ber of base transceiver sites, and particularly in the case of links 24, 25 and
26 the number of base transceiver sites falls off in a hierarchical form, these
branched configurations are suitable for use with both plesiochronous digital

15 hierarchy (PDH) and synchronous digital hierarchy systems. The synchronous
digital hierarchy protocol allows the carriage of many different bit streams, and any
part of the mulitiplex, down to the basic 2Mbit/s base unit, can be extracted at any
add-drop multiplexer ADM along the route of the carrier. The plesiochronous
digital hierarchy (PDH)} system is not fully synchronous, and individual elements of

20 the multiplex may be displaced from sychronicity with others by a small amount.
This means that in order to add or extract any part of the multiplex at an add-drop
muitiplexer the various levels of multiplexing have to be gone through ons at a
time, in contrast to the situation with the SDH where any part can be taken out
directly, without going through the intermediate multiplex levels. The network

25 architecture described above with reference to Figure 4 is very suitable to use with
both the SDH and PDH systems. In particular, because of the branched
arrangement of the network, the stepping down or up between various muitiplex
levels is not a significant problem, because the various steps can be made to
coincide with the various branchings of the network. In contrast, in the prior art

30 arrangement described above in relation to International Patent Specification
WO0894/00859, a PDH architecture would be inappropriate because at each point on
the ring, which serves a base transceiver site, it would be necessary in a PDH
system to demultiplex, one layer at a time, down to the basic level at which each

base transceiver site’s own individual multiplex element could be extracted, and



through a base site controller (BSC) 1 1, by neans of respective links 1 A,

1B 1C formng a branched network. Each link 1 A, 1 B, 1 C has a
respective branch portion 7a, 7b, 7c fromthe base transceiver site to
a branch point H and a comon trunk portion 2 fromthe_branch point H

to the base WQ¥2488troller BSC (11). In this prior 5 art

branch point His sinply a physical connection between the branch
portion and trunk portion of each physmh\ link 1 A 1B 1C

In the system shown in Figure 3 a cellular radio systemaccording to the
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are possible ansm ssi on trun I nc i ng
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NDre CONPIEX nBRLNR FEedidY their réspaCiRiRPcatibhd.h the invention, illustrating a

By separating this function from the routine operation of the mobile
switching centre, (which operates to provide radio capacity, and also fixed
network capacity, on demand), the system can better cope with individual
demand cases. In particular, at times when there is spare capacity in the system,

25 the transmission capacity controller arranges that this spare capacity is spread
evenly around the system, so that extra capacity can be switched in by the OMC 4
and transmission network manager 3 to any part of the radio network, using spare
capacity allocated to it, without requiring intervention from the transmission
capacity controller. This allows individual call set ups and handovers to be handled

30 promptly, while the tfansmission capacity controller can monitor and deal with
incipient large scale capacity problems on a longer time scale.

Figure 6 shows the timeslot allocations on one of the three channels 6d,
6e, 6f for the four periods t1, 12, 13, 14 for the three base transceiver sites A, B
and C of Figure 3. Each channel has 32 time slots {numbered O to 31} including a



nunber of individual features of the branched network. It should be

recogni sed WO 97/ 24008

PCT/ GB96/ 03056 9 t hat the
physical links illustrated will in practice be enbodied by a system of

i nks hawdpm?oogui |t-in redundancy, in order to nmake t hETREGAIBSEOr €
r.obust. A group o base site controllers 11a, 11b ... 11g etc are
operat ed under the control of a mobithbe switching centre (MSC) 8. The
mobi | e switching centre 8 and each of the 5 base S|te controllers lla etc
may comunicate with the nobile switching centre, means of a

communi cat i cwyschrepisatide Wpe I5lo4 D andsy pighelligtirae gloy |1?thq§|'§qYW total (f 4§

| oop. Capac'ﬁ:?@%w&fav bi@HoDthe! thfed Hiflinkbld 6al 6036181 b6 th816@! ih tbhnifst i fy
t he use a synchronous digital hierar chy | oop arrangenment at this

| evel in t hecall raffiaptinthedessribediembedimenicthe itimestot gliqcatipns e ividedsauallyt i ons.

As a precautgeqﬁm%gmer@,tan is 64, e4,6r. fai lure of the nobile switching centre
8, a second e switching centre 18 is al so connectable to the base

site contBol | ers Figwe1shgwsqthatithe totq) demand fior the thige hase, tragsqpives sites o
control lers 42g, C%Gert&clgdb o9@icRhhrithd, Yalthuplihél tétaPof theandividual rﬁ%hbﬁs

switching centre 18 fail, then the base site controllers nor mal | cLved by

that mobile S%i45cri HP- dr e Rior ARt $ysterp shown inddauss 2:the toigheapacity,

centre 8. 150veE@ﬁé"trQﬁ§ﬁ1ks2 tt@ Gﬂfﬂr{ﬂJe's@Ehr@éTdas%QanEEetﬁéﬁﬁ&@iﬂ%&@lﬁﬁn@lsl S
connected into nchr onqus dl%tal hi er ar wor k ﬁ ans of an
add- drop rnul k- pthexteta' RDI‘%G respeGHye Maxipys CPRaqYRS- ﬁ"g‘ﬁ"% W‘Fﬁg o‘éf Bt the

i ndi vi dualp bawmnsls vill B8Nk ruak |aerank 'gvent e, therefst Whe kruak dinle@disas aroovdre SDH

| oop, traffic orjagi natlng fromthat BSC. It should be noted that the

add- dr op mul $3P3FRY%Et 0% e controlled in order to extract the rel evant 20
signal s fromthe npHetdpelRionCar the &ihtadinkdne offigord B ayill nolwbbe deseribed, fwith

synchronous refersnce to Figure 6. Figure 6 shows the timeslot allocations for channel 6d.
similar allocations are made for the other two channels 6e, 6f. In a morning period
15 t1, e.g. 7 a.m. to noon, base transceiver site B is allocated 45 time slots (i.e.
fifteen on each channel), base transceiver site A is allocated 30 time slots (ten on
each channel), and base transceiver site C is allocated 15 time slots (five on each
channel). In this example, in channel 6d base transceiver site B is allocated
timeslots 1 to 15, base transceiver site A is allocated timeslots 17 to 26, and base
20 transceiver site C is allocated timesiots 27 to 31. At a changeover time T1, in this
example noon, fifteen time slots (five from each channel) are transferred from the
allocation of base transceiver site B to that of base transceiver site A (in this
example timeslots 11 to 15 from channel 6d, etc.). This allows base transceiver
site A to use all its 45 radio channels in the afternoon period t2, whilst leaving
25 base transceiver site B with 30 time slots. base transceiver site C still has 15 time
slots allocated to it. The number of time slots required in total is therefore 80 in
both time periods t1 and t2.
At a second changeover time T2, for example 6 p.m., fifteen time slots
{11 to 15 from channel 6d, etc.) are transferred from base transceiver site A 10
30 base transceiver site C, so that each base transceiver site now has 30 time slots
allocated to it.
At a third changeover time T3 (for example midnight} fifteen time slots (6

to 10 from channel 6d, etc.) are reallocated from base transceiver site B to base



digital hierarchy is in use, the mnimm anount which can be extracted from
t he synchronous digital hierarchy systemis determned by the capacity
of an individual nodul e of the hierarchy, knovvnhag " STI\/[L;. I The m ni num
capacity of a conplete SDH system on which suc TML nodul es are

calrori ed?/ is oWOaBrirBﬂpﬁ)ropri ate size to 25 serve the area coPET&BISNB0SM

i-ndi vi dual nobile switching centre. Each i ndividual base
controller (BSC) serves a nunber of basel8ransceiver sites. This is
illustrated specifically only for one base site controller 11, but it wll

be appreci at Qfhnkbéberdite d,1\pRbY HioRith batb tans el S ¥ Fo dds B jre 130" VC 2

simlar arrangenent o celver sites
controller w@}nag%q?s/éurmsethepvgolghmp@om twﬂilatblsawm;baﬁeotmnsnav& siter @ with t he

base site Coﬁtsrﬁllnla%rot;lbégrﬂ’a?écél svte AQ Sr re@%qil\)_ﬁfte rhﬁ Qrs‘%}gr}or the
Cheti0” are

structure of the hi erarc‘{ ma
i | lustrated ioyermigiyperiod t4, Fot Héeemtmq s'eiéaﬁﬁlte 21si5¢m|qlngnmi§d, thahmemeer

sites A Bs Gpard TResesbaR %e%&ﬁ@bwbe%u&&&f‘ ﬁ.q%%f \%&.@E&s&t&ﬁs Qord NUb

H3 whi ch has a dedicated respective trun I'S con ectedto
a second hub Shown} or held in reggsve 7iop £optingencies, such as the failure of one of the

PCT/ GB96/ 030%fannels 6d, 6e, 6f in the trunk iink 6. 10 H2.

Hub H2 al so serves_anot her base transceiver site B directly, and has its
own respect i vENa @t time, F0p shigty af abe time slptst "ﬂbﬁﬂed rtehasgftranseeivest wor k
t hrough a t hisitél C are rediabatbt 10 pdY §ahscbivel ditedB, SAd IS ViRkSed 85dte ihRBREEIKET A
dlrectly ub  H1 spectlvetrunk link 21 connecting it to the

base site ﬁ{'??ﬂt?‘gp basg "éﬁﬁceﬂ‘fﬁ@'tfg fegdy fof the gyclgto fapeatagaibrk. In t he
arrangenent shown 3Fae \Uhagﬁd&’im t@eANBIC Riakidh $0 RS tnkFlink 6 may B88Uoltegbase

transcei ver %Ie;gaergteﬁr, over dafq‘e?er?ter;;/h?/sm?ly routglsj,b |r|1_l5 ordvc\a'{r1I %oh Qa%gguaard against
simultaneous failure of the entire link 6. The timeslots allocated to each base
transceiver site are distributed amongst the channels 6d, 6e, 6f suich that each
15 base transceiver site has some timeslots on each channel. This ensures that should
one of the channels 6d, 6e, 6f fail, some capacity is maintained for each base
transceiver site A, B, C.
In the morning period t1, base transceiver site A has only fifteen timeslots
available on the link 5 to support its forty-five radio channels. The remainihg thirty
20 radio channels are "busied out”, i.e. the base site controller is instructed not to
allow the base transceiver site A to operate on those remaining radio channels,
thereby limiting the number of mobile units which can be put into communication
with the network through that base transceiver site A.
This illustrative example includes a number of spare timeslots in the
25 overnight period t4. Each channel has thirty traffic timeslots, and thus timeslots
are only available in multiples of thirty. In a typical system there would be more
than three base transceiver sites, and it will be easier to match the timesiot
capacity to the demand. However, the availability of some spare timeslots can be
useful to ensure robustness of the system should one of the channels 6d, Ge, 6f
30 fail, since some of the calls which would otherwise be lost can be transferred to
the spare timeslots on the remaining line.
It is possible that at certain times of day a base transceiver site has no

demand at all, or what demand there is can be covered by neighbouring base



dedi cated trunk Iink 25 connecting to the rest of the network by neans of a
further hub H4. Simlarly base transceivers G and H are connected to a hub

H6, which is connected by a respective trunk link 26 to the hub H4.
Hub H4 is 10 connected by neans of a respective trunk link 24 to the base
site control asof24bes Because each trunk |ink 2jcr/dBesedsss 24
25 and 26 serves only a snall nunber of base transceiver sites, and
particularly in the case of |.inks 24, 25j14nd .26 the number of base
transceiver sites falls off in a hierarchical form these br anched

configurations are suitable for use with bo{ag ‘@I esi ochronous digital 15
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because at eﬁt!'hwsbl nt on the ring, whi ch serves a base transcei ver
site, it ypuld be necessary in a PDH systemto denultiplex, one |ayer
at a tine, ich each base transcei ver
site's own |Beckingatlrunkilevebl ex el enent ¢&ubdebef mtlata@bmimelana
' 0) 135

0.05% 100

0.1% 98

0.5% 92

1% 89

It will be seen from the above table that in this example less than 1% of

traffic is lost for a saving of one thiyd of the capacity required in the trunk link 5

(90 timeslots for 135 channels). With 100 trunk channels available to serve 135

20 base transceiver site channels, i.e. a saving of 25%, only 0.05% li.e. 1 in 2000) of
call traffic would be lost.

Although the changeover is shown as happening at fixed times TO, Tt,

T2, it is desirable to arrange that the channel is reallocated from the first base

transceiver site A to the second base transceiver site B when the channel is not

25 already in use by the first base transceiver site A. For this reason, for any

channel which is actually in use at the changeover time, that channel remains
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reconstitute the multiplexing, stage by stage, for onward transm ssion to
t he next el enment around the |l oop. The architecture of the present

i nvention i sWO97248Bticul arly appropriate to PDH but SDH JETPHB0R e g
wth little inpairnent. Figure 5 shows the basic arrangement
of various control systems which 5 togetther cooperate to maxinise the use
of the radio resource and transm ssion net work resources avail abl e.

The transnm sgydearddo®OtHeChirs® basel taRsdeier Glte UNEll the calPisNieRNiRBRE ¢rodnbied T OF
the radio resource (4) respectively control the transm ssion net wor k

(5) and radi 8vefe2Rtbie qheneel thansealiqegtrd taithe pecand Bags anspeivangitee hot h

supply inputs to ansh atisrt Sﬁlthlm%t‘éﬁfltﬁﬂ 1S0eTs! emgmaﬁm'oﬁhtrél vdliclisbab@t 2 on
regular 10 daily, weekly etc deg}agrg or, the system ut fromthe traffic
i

statistics s§’§f‘§'ﬁl"e’ siteg Iﬁz BnitRIedo? ﬁﬁﬂ?ﬂj@r n3 the, trangmjgsion

oper ati on sngeiwdrit a@am&aﬁwtfoe the bisk) tAnScertP! kitsh (42 Reduireds ThS&HiON
capacity controller 10, which *}n turn contro transm ssi on network

manager 3 an8TBiReMeNt ofaBRgfs nihigh Are Mok CEHﬁ'PtLVe'%““I'ﬁée not aflqcatrd,{os 8N

capaci ty coniddiidual bdde, traddceilendite, bQE faxmsH Chlcating reddrie"] BeaildBle fouskdby
switching centre 8, nonitors both tge r@dlo and fixed parts of the system

to detect a“Y&M'P?""&?]H"‘ﬁ%“&Q’@'S‘F”{ eB§stem and in turn controls them.
for exanple in ordgra imobile umessécfmtrlas shwdmam flxmh \merbawdnausdbw sitb Xregt s of
the fixed, syste maki.ng _use o fiLxed network
and o swld LANFH, B¢ Aassrer e T feruariraT the fap bianch ol tis oyl et
accordance wbe [pokdilsie ifogliathie tchacrield bre theabrianaf pditietot baaa site s:smwllee Onk Bare\or k
feeding their res eCt'Ve|tR§§ t%traearg tin th s

S
function froff f"'hee FUET e Fi°on o$d'? ﬁhanrrﬁlf) ﬂva"ab'e Qgt\/f\'ﬁefb%ﬁ? gans
(whi ch oper aties Btto vmm/lnaiﬂovexds oo takpplaceythoaechaxingls aré Xmaied out'hbemsek

e o on T b, ool 58 o008 1 Al o1,
system 265 cowse rbecome awaiablecagpsoontas the nalt @Idrmpearasmgetﬂt Dhme failurs ofpare

capacity is Wﬁl@flbase transceiver site A to hand over before signal quality deteriorates to a

' level where the call has to be dropped. However this channel would become

available to any mobile unit attempting to make a call, and the mobile unit from

which handover was unsuccessfully attempted would have to start the call

20 initiation process again, and would have no more chance of obtaining that channel

than any other mobile unit - in fact rather less, since another mobile unit which has

already started a call attempt is likely to seize the channel first. It is desirable to

maintain existing calls, in preference to failing them in order to allow further call

attempts to succeed, (provided that all the calls are of the same priority). In arder

25 to do this the base site controller BSC, recognising that a handover is required

between two base transceiver sites A, B served from one branch point, transfers

the channel (e.g. 6a) in the branch point-to-BSC link 6 allocated to the call that

the mobile unit is engaged on from the first radio base station A to the seéond

base transceiver site B at the instant of handover.

30 The preferred embodiment has been described in relation to the

architecture and terminology of the GSM standard for cellular radio systems.

However it is possible to hse a similar system for other cellular radio systems, and

also for private mobile radio networks. In contrast to the embodiment illustrated



evenly around the system so that extra capacity can be switched in by the

oMC 4 and transm ssion network nmanager 3 to any part of the radio

net wor k, using spare capacity allocated to it, wi thout requiring
intervention fromthe transm ssion capacity controller. This allows

I ndi vi dual owbb7meds ups and handovers to be handl ed 30 prpoptho3gds | € t he
transm ssion capacity controller can nonitor and deal with I nci pi ent

| arge scal e capacity problens on a | onggg tine scale. Figure 6
shows the tineslot allocations on one of the three channels 6d, 6e, 6f

for the four &erlods t1, ‘tp_é{f t3,.t4 for the three base transceiver sites A
B and cY8f" [fgfsPee 30 B Thiand&pliyiarsradio pystemdinowhich fhaiyediedbaset o 31)

::> g_(lz_} glg g?og gtSaémn control functidhs Bfé L6A6dhted with the radio transceivers under their
synchr oni safPBF't FifeLEpgiedonetngrk, islogatad betvgesn the Eﬁsﬁtm{‘@"stﬂwu@ ‘Féﬁ'ﬂi ng a

total of 30the mcbiléTEwabﬁihg oemremc Qhes’é%nﬁ&ﬁ@@e&iﬁé‘t@rﬁsé e, coﬁﬁoue@f

90 tine s%.)ots' Pn tota% g% ?é n the describ (}I rrent
the t i mecP otilkpP gRRgErent,thal the desqihe e’@ﬁ megt can by, geapily pdepted éﬂéhﬁ'@slas 6d,
6e, 6f. 5 configurationFi gure 1 shows that the total demand for the three base
transcei ver sites eeds 90 channel s, al though the total

of the individual "HESE I%"bl?ig raio '3?%95“;% ave SRe of YT Jadipj hase statiadss fofm shown
in Figure 2communizhtion mﬂamobye ueitgli iretypical appiiatiohs 4 piivite Imdbifle Zabie
Do Bl SRR CHE B b B R it epetise
channel s1®i Itéledmmmnlcmmna,t eanpr g:yveansbommndédwmg‘sosaht &e tdxi, ialwhy a2 has
an over - bué @B&S{&X a?g., égcoo have a radio base station (in some cases several} which
communicates only with the mobile units belonging to that network. Each private
mobile network has a radio base station positioned according to its own
requirements, and it is likely that some of the capacity'in the fixed parts of these
15 networks is carried over common links, particularly since the facility is likely to be
provided by a specialist telecommunications company. The private mobile radio
network systems must each have sufficient capacity to deal with their own peak
demand times, but clearly different operators have different demand patterns, and
by sharing capacity in the fixed part of the network the various private mobilé
20 radio operators may reduce the capacity requirements on the fixed network with a
minimal number of failed calls. If the allocation of channels is arranged on a
demand basis, rather than time of day basis, then with suitable call prioritisation,
even emergency services, whose capacity requirements are normally low but have
unpredictable very large surges in demand, can share the total capacity with other
25 operators with more predictable but less variable demand patterns.



The operation of the enbodi rrent of Figure 3 will now be described, with
reference to Figure 6. Fi gure gu'leIMI ot allocations for channel
6d. simlar allocations ar her two channels 6e, 6f. In
a norning period 15 t1, e. g 7 a m "to"nod n,* base transcelver site Bis
al located 43V@PHMOM ots (i.e. fifteen on each channel)® 056
transceiver site Ais all ocat ed 30 tine sI ots (ten on each channel),
and base transceiver site Cis allocated'5 tinme slots (five on each
channel). In this exanple, in channel 6d base transceiver site Bis

al | ocat ed timeslots 1 to 15, base tragpsmas/er site Ais allocated
timeslots 17 to 26, and base 20 transceiver site Cis allocated tineslots
27 to 31. At a changeover time T1, in this exanpl e noon, fifteen tine

slots (five fyom eaclhosmﬁaﬁl Jystér@ 1br SURGIhG lal Bstakty BN rhéile radio s@éttdhsaiﬁ'eon of
base transcei ver site ase ranscel Ve site A this

exanpl e ti nesyseEy iﬁm?'bs"PS & PHFﬂ"E‘h&QFﬂ?P aFe Yptons. {%HPE’"%"IC tiro H‘ﬂg'e‘he

transcei ves mobileFadi€ statibls, uﬁe eal:rh having 4P alictdted rudianot éadioncHahgelgf t er noon
period t2, whilst |eavi ngﬁ ase transceiver site Bwth 30 tine slots,

base transceiver siPPfgoC™ ﬁ"l’"%%\%’""l‘%"'??tf?é’s inks: <1 ots allocated to it. The

nunber of tinme sl oleacH eghlt cetmunicatib@ links sériing af @speciie iimermediate Gdvwitchi e
periods t1 and second changeover tinme T2, for exanple

t2. . At

6 p.m, fi fte"@ﬁ’“ﬁq Aglugliy gf radio bage f?a[t'8““‘l5 from channel 6d, etc.) are
transferred from besaeh iaﬂmrtsaseisvaronsieirm dbnhected&@o hasewtnganmaﬁédim switok C, so
t hat each Baﬁ) transc%l l\t/:%lréoSIt QW gtsmggt ne, ot'% r of ,g‘aa I o at e& to it.
At a thlra é(n%efi%?‘f' 3 (for ni geh[")j P?f? e8N 'Y'F St s (6
to 10 from chagindasEshatien bag amlcetedeadlbobmu from base transceiver site
}DCC)T??EESG / 03056 each tm 9c70/n?r#9r9§atnons link having fewer channels than the total

number of radio channels of the plurality of radio base stations served by its

respective intermediate switch ; and

16 radio resource control means for controlling the radio base stations so that
the total number of channels in use by each trunk communications link is greater

than or equal to the number of radioc channels in use by the base stations it serves.

2. A mobile radio system according to claim 1, wherein one or more first
20 intermediate switches connected by their respective trunk communications link to
a further one of the intermediate switches, the further intermediate switch thereby
serving the base stations also served by the one or more first intermediate

switches,

25 3. A mobile radio system according to claim 1 or claim 2, wherein the

communications links are arranged to operate as a plesiochronous digital hierarchy.

4, A mobile radio system according to claim 1, 2 or 3 in which each radio
base station has associated control means to selectively enable and disable one or
30 more of its available radio channels and associated communications link channels
such that the total number of enabled radio channels does not exceed the number
of channels in the trunk link and the intermediate switch has means to allocate the

channels in the trunk link to calls using those channeis in the communications link



13 transcei ver site C, therebyattowngtbase-transceiver site Cto
use all its 45 radio channe ni ght period t4, whil st

| eavi ng base transceiver site B mﬂ.ﬂlﬂluimgﬁj sI ots base transceiver
site A also requires only fifteen over ni ght period
t4, so fiftewongrneessl ots (17 to 21 from channel 6d et Cc.) ICARSEYS/0305p
Spare. These spare tinme slots can be allocated to other base transceiver

sites (not shown) or held in reservagfor contingencies, such as the
failure of one of the channel s 6d, 6e, 6f in the trunk |link 6.

Finally, at tji e ti ots allocajed to base transceiver
site C are rés %%tg dn'[ %he "§@"{'Y§H§@§Vé’:’° §h1"é‘e'8' ang ey igtermpdiptecsviseln o
timeslots ar é\as(inemlsltowo«zde ftige bbametsr:artbemmleums itd ealls, usirAthosé Ghatrddis Cycl e
to repeat aggj . Jh an 6d, 6e Eéi n the trunk
link 6 nmay be rou o'ﬁmumcat'oé‘gﬂ)'glfg e‘g f‘ﬂa‘f F‘f'&?"gﬁte"ﬁﬂa faé’gﬂc Deles, in
order to safeguard agai nst SI rrul taneous failure of the entire link 6.
The tinmeslpts allo transce e are distributed
amongst t hg anne%aﬁ’gg"e %d%asg? telt %ﬁcqtr?ﬁ? t%g'%prfgeal'bga@@"'f Whgeein thectrunk ¢ ¢
has sone ti mhmnmlmmeabhkscmmmdn ofl hiteanemission snetwark Wit itk control @16 Of

t he channel s j | [ Ly, I ned far. each bhase
transcei ver tﬁa‘ﬁsm%?ioggeélﬂﬂk mar?a%@ﬁxeﬁ?ﬁ%?ﬂhs, %ﬁl!lée t?'?l?'f‘u & &PMRYsing a yaflic:
transcei ver diemand datesinput meénsi memnsniim capscity conteollef faldocordinatifeethe Nk 5

to support tOingaQiBEyOF the r?tﬁé) Ore%E&% §ntrc;|l-h?neaﬁ£m 2 (54 r&gat;spnlsrsg%str}eﬁ\g? di o

channel s are usi ed out ase site cont l'er “I's ™1 d not
to al @ omariagemaste Meaps 3e dESAONSE i toeinputsofropethet waffic-denamd datavinpuing
radi o channel gans. thereby limting the nunber of nobile units which can
be put into commrunication with the network through that base
transceiver site A This illustrative exanple includes a

nurber of spaie 1 HEShANS Fatid Ryt OUEKINAR 1o Sl O rdbanfs® Sk HARL: 1A

thirty traffic tinmeslots, and thus tinesl avall ein
mul tiples of CPAPFiSNg mepng asypaiatad Wity thercenteal enqmalrelspbesmrte a requedtare t hr ee

base trangseig¥@blisH ffifo coruhibati¥n With& ﬁl@ﬁlleeﬁmf ertheﬁ Rubh8hde! TBSARE in
capacity to the demand. However, the avail ty of sone spare tineslo

can be udhs tipnk b"'isﬁs‘%l?@%m;%rre&ecave tal‘i'l? fsgss wgmmsaomoorucb he
channel s 6d, réguestf 30 fail, since sone of the calls which woul d otherw se
be | ost can be transferred to the spare tinmeslots on the renmaining

l'i ne.

7. A mobile radio system according to claim 6, further comprising means
20 responsive to a request for a handover of a mobile unit and associated with the
control means, arranged such that connection of the communication channel of the
.trunk link on which the mobile unit is currently operating is transferred from the
communications link associated with a first radio base station, from which it is to
be handed over, to the communications link associated with a second radio base

25 station, to which it is to be handed over.

8. A mobile radio system according to any of claims 1 to 5 wherein the

control means operates according to a predetermined schedule.

30 9. A mobile radio system according to claim 8 wherein the control means is
arranged such that, in the event that a channel is in use by a call in progress at the
scheduled time for it to be disabled, the disabling function and any corresponding
enabling function for that channel are delayed until the channel usage ceases.



It is possible that at certaln%nﬁes—gL_dagL_a_basgtranscel ver site has no

demand at all, or what ered by nei ghbouring base

i R |11 T

transcei ver V@8H24fose coverage areas overlap with it. |n RGHEBIEN30SE
.ci.rcunst ances the whol e base transceiver site could be "busied out", or
a single channel maintained “for emerd®ncy use. Similarly, if one of the
base transceiver sites is shut down conpletely, e.g. because of a fault
‘or for maintenance, the channels in the 5 transm ssion network dedi cated

to that base transceiver site can all be reallocated _to the other base
transcei ver 90 es. A method of operating & mphile: FRdig) g¥stem SpMArisingo? pfurglity of

addj ti onal b'rsmklmetﬁaﬁmteﬁhr&admela transrfitting 118 @Rd 'r@céWnﬁErrad?@rsﬁg%a%f the
netvvork nost not abI}/ the air interface between the base transceiver
et

sites A B af®"e mekile adioftafions anf pumbes of gpdip ghannelsy pach radiopase siatian

per cent ages Ofpefr@yl | comhbABW! fo | dh Wis6élateb e irterinedisté | abitdH tiby Odn aas"sbaiama!
causes the call to fail. The additional blocking.introduced havi ng

fewer trunk [CPRWAUNiGAtiopslipk ha"'“gtﬂajﬁasttht@Fe’aHPeemBB%eé qf  cizgpels ﬁrthﬁ tagio

channel s (i n paké@tatldRIAs alibchred rdekb ER@INGIs! Bndone or MBFH AuMhasMunYAbAsAD! €
but no trunk channel) has been cal cul ated theoretical foll ows: 15

|
Bl ocki ng at #iFk§k ep@Y dTunk communications Nifkserving ad@%ﬁ%ﬁﬁé‘“&%‘éﬁ%ﬁ switch ¢
135 0. 05%nd having fewer channels than the total number of rd@i@ channels of the plurality

10 of base stations served by its respective intermediate switch,
the method comprising the steps of controlling one or more of the radio
base stations connected to an intermediate switch, and their associated
communications links, so that the total number of radio channels in use by the
radio base stations served by an intermediate switch is less than or equal to the
15 number of channels used by the trunk communications link serving the

intermediate switch.

11. A method according to claim 10, wherein the communications links are
operated as a plesiochronous digital hierarchy.
20
12. A method according to claim 10 or 1% comprising the steps of selectively
enabling and disabling one or more of the radio channels available to the radio base
stations, such that the total number of enabled radio channels does not exceed the
number of channels in the trunk link, and allocating the channels in the trunk link
25 1o calls using those channels in the communications link associated with the

currently enabled radio channels.

13. A method according to claim 10, 11 or 12, wherein a communications
channel in the trunk link is allocated to a radio base station in response to a
30 request to establish radio communication between that radio base station and a

mobile radio unit.



0.1 % 98 0.5%

92 1% It wll be
seen fromthe above table that i |Im|| mtm.&ﬂll‘?“ﬂ ss than 1 % of traffic
is lost for a saving of one th|r aCl &y required in the trunk

link 5 (WO 972age8! ot s for 135 channels). Wth 100 trunk POTAB60IDS6 :

avai l able to serve 135 20 base transceiver site channels _L_L_a-s.am—ng—e-f—
25% only 0.05% (i.e. 1 in 2000) of aoal | traffic woul d THES ISHEET HAS BEEN
Al t hough t he changeover is shown as happeni ng at fixed tines TQREFIUACED :
T2, it is desirable to arran that,k the.c 1s real Tt e
T2t ge T 20 sosinl pediiios 16 Elsit 1* Yaen B Retporre R AUPoet I &
when t he chasgndbvérso®imobiie alhlt,eaﬁbhebﬂotuse iy chidnaell o gie Basie libk answmcwer
site A. For this ason i s actuall rs“?

the changeovi¥® TPRie upif i °8ﬁ%m%f’p"r’8ﬁl&ﬂ f‘?s{}a"s"e"edcmm a YR

PCT/ GB96/ 03%oc|ated with a first radio base station, from which it is to be hande’l:ﬁover, to a

allocated_to the first e trans site uptil the.call i.s ter.m nated
o Paoteqs' Ceongpupichiing 1Pk astorHtRg MR Aceond it hpss AtpusTh iR vileh RS Bhac

transcei ver I5é h&nded over In a variant of this system the |evels of
demand on the vari ous base transceiver sites A, B and C are nonitored,

and channels in the transm ssion 5 network are allocated to the base
transcei ver $6tes mméthgdiacedrdingntd kledn 10, 11 or 12 wherein the controlling of

channels operates according to a predetermined schedule.

10
16. A method according to claim 15 wherein, in the event that a channel is in
use by a call in progress at the scheduled time for it to be disabled, the disabling
function and any corresponding enabling function for that channel are delayed until
the channel usage ceases.

15
17. A method according to any of claims 10 to 16, wherein the trunk
communications links form part of a transmission network under the control of a
transmission network management means, wherein traffic demand data is used to
co-ordinate the operation of the radio base stations and transmission network

20 management means.

18. A method according to claim 17, wherein traffic demand is monitored in

real-time in order to supply the traffic demand data.

25 19, A method according to claim 17 or 18, wherein any spare traffic capacity

is distributed in the radio and transmission networks.

20. A mobile radio system substantially as described with reference to the
accompanying drawings.

30
21. A method of operating a mobile radio system substantially as described

with reference to the accompanying drawings.
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CLAI M5 1. A nmobile radio systemfor serving a plurality of nobile

radio stations, the system conprising: a plurality of ?é?“ Wp e
stations for WOPMRM¥&ating with the 5 nobile radio statio ,"g ﬁg‘g@h
.havi ng an all ocated nunber of radi o channels; one or nore trunk
comuni cati ons |inks; each BMunk conmunications link serving a
respective internediate switch serving a plurality of radi o base
'stations; each radi o base,.station being connected to its
serving internediate swtch 10 by a ¢omunicajions |ink having at | east

t he same nunber of channels as the rddd o bhse s ion has all ocated
radi o channel s; each trunk cdrunigations |ink havi ng fewer
channel s than the total nunber of jra chpnnel s of the plurality of
radi o base stations served by its respectipve internediate switch ; and
15 radi o resource control nears—Fpr+—eontrolling the radi o base
stations so that t he total nunbg; of ¢ annek§ in use by each trunk
communi cations link is greater han or| equal4to the nunber of radio
channels in use by the base stati ognse=t sefves. 2. A nobile radio
system according to claim1, whepei neen nore finyst 20 internediate

swi tches connected by their respective_tx\uhk conmuningations link to
™
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a further

t her eby

i nternedi ate
claim 1 or claim2, wherein the

operate as a WPEFRWBhr onous digital
system according to claiml1l, 2 or 3 in which each radio
has associ ated contr ol

swi t ches

ne

one of the internmedi ate swtches,
serving the base stations also served by the one or

) 25 3.
hi er

ans to sel ecti

the further

internmedi ate switch
nore first

A nmobile radio system according to

ar chy.

4.

comuni cations links are arranged to
PRT/GBP/93856r adi o
base station

| y enabl @ and di sabl e one or 30

nore of its available radi o channels and associ at gd communi cati ons | i nk
¢hannel s such t hat t ot al of enabl radi o channe ﬂgoes not
exceed t he nunber oN_channel 1 t r unk d nt dif at e
switch has means‘to alloc ) Scr%ﬁgel S i tTJé'uQe(I: nk to calls
using those channéls in tMBO@junicafions 1ink 97/ 24098
PCT/ (3B96/ 03056 18 18
associated with the gur¥ently enabl ed_radi o chafnels, and the interngdi ate
swi tch has nea E) | ocat e anne | it he | i cal | s
usi ng those channel s In the C cat | Kk e h| t he
currently enabl ed radi ¢ channel s.
11a
BSC D MSC
/ D BSC
8
11§
D 11b
BSC
\ D
e BSC
D D \ 5
sc 11¢
?1\ BSC 11 11d
H1 24 5
4
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5 5. A nmobil e radio system according to any preceding clai mwherein
the trunk comuni cations links formpart of a transm ssion network
under the control of a transm ssi on network nmanagenment neans, the
system further conprising a traffic- dermand dat a-i nput ns, .a
transm ssi on WRFHMP, controll er for coordinating the %%§$5¥W5ﬁ“of t he
radi o resource control neans and transm ssion network 10 managenent neans
in response to inpg}s fromthe traffic-d@@and data input means.

6. A nmobile radio system according to any preceding claim further
tonprising nmeans a8ociated with the control neans responsive to a request
to 15 establish rgflio comunication with ;,nﬁ%ile unit arragged such that
a channel in theg trunk link is allocatgd to the respective di o base
station in resp ch a request. 7. A nobilelradio
system accordin 6, further gonprising nmeans 20 esponsivelto a
request for a h a nobile unjt and asgociated wit E; contro
means, arranged|such ¥hat| connection pf ,the corpmuni cati on e¥ of | t he
trunk link on ic@)tﬂ% nmpbile unit i éﬁ&tantl r@nsferred
fromthe co iohs link assoli =i t
station, from whi nged <Bver
associated with radi 0 base 2 i on
handed over. A nobi | e radi g=sy<t e

ndover of

iohs link

al

cl ai ns

1 to 5 wherein htr ol means pperates & F'm ned
schedul e. 30 |9. hobi | e radi of system agcording to Prein
the control nea i ar ranged suc im the event hnel is
in use by a call in j@rogress at the schhedul ed tinme for it t
di sabl ed, the disabl}ng function and any cqrrespondi ng enabl§ ng
function for that chpnnel are delayed untilf the channel usage cepses
e
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O SE——— O - =
3 2 Z
<-~\W O g - - - ™
O
w
=
\\\\§~_‘n

Figure 5



WD 97/ 24008

PCT/ GB96/ 03056 19 10.
A nmet hod of operating a nobile radi o systemconprising a plurality of
radi o base stations each capable of transmtting to, and r eesl dio
signal s WQM24¥8bi | e radio stations on a number of radio (:éﬁgﬁ'ﬂsé' , each
.radi o base station 5 being connected to an associated internediate switch
by an associ at ed communi cations |in@®having at |east the sanme nunber of
channel s as the radio base station has all ted radi o channels; and
-one or nore trunk comuni cations li nks, eaggat runk conmuni cations |ink
serving a respective internediate switch havi ng fewer channel s than
the total nunbgr—ef—radi© channel's of the pI ural 1ty IO of base—stations

served by itsr ) | nterredttate  swirtetrn 1|1U—'TQIJ'IOd
conprising the |steps of jcontirolling ¢ne ¢r nore o} the radio rpase
stations connecfted to ar in'ﬂermedi ate swjtch, and|thejr associjat ed
communi cations Jing) sq that tQe tofal nunbe) of| radfo (ﬂﬁnnelﬂn use by
t he radi o se statijons |served by anj}internedj ate] switch i ss than
or equal to the 15 nunmijer d4f channell]s used by the trjuunk communi cati ons
link serving t i ntler nrgdi at e swijt ch| 1. A met hod according to
claim10, wherefnm the cgmuricationstlinfs are OpErated as O
pl esi ochronous [digital Hierdrchy. 20 (\|I
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12. A et hod accor ai m 10 or 1 1 conprising the steps of
sel ectively enab " E‘!ﬁlm, g one or nore of the radi o channels
-avai |l able to the rad ons, such that the total nunber of
enabl ed radi o channel s does not exceed t he nunber of channels in the
trunk link, and allocating thé channels2pn the trunk link 25 to calls using
t hose channel s in the communications Ii nk associated with the

currently abl e o channel s : A net.hod according to claim
10, 11 or 14; V\/dgr B¢ °§ GRIRIAG éatqlﬂﬁsw W"l?h%\%n'e‘l responsseta 8 uegudsit rfkr s

al | ocat ed Ha@:dévétadf @ M3bke Bhi! b@ﬁnéd?norneépﬂ{ésghén%eﬁok?IQha "AHC Rk toﬁ RicgP! ish

radi o conmuni catjon between that radi o base station Y& adi o
unit. the mobile unit is currently operatmg is transferred from a communica®igns link

14. A | t | t
for o | EecOlERaRNE Al ol S stlo Wl b s B Rendel v %8 ¢ ne

t runk | Pnikcosmmunhiceations link assodia1ed veith Besegbnd radio ®dEd tdtioy), 0P Wridh Rdsitd

transferred from.,a comuni cations |ink associated with a. first
radio.bas}s ‘ﬁmgn V¥ romwhichit is to be handed over, to a 5
comruni cati ons I|nk associated with a second rad| o] base station, to which
It isto be handed qver 5. A net hod accordl ng to

claim 10, ¥ or AJMEHOAECAURBICENEIAM 1Rg 1df or 12 Wherelohféuenwgrqipw afes
accor di ng dranAelBlopdfdtes BtEGdingCtees Pledietermined!@hedule.

10
\_/ 16. A method according to claim 15 wherein, in the event that a éhannel is in
use by a call in progress at the scheduled time for it to be disabled, the disabling
function and any corresponding enabling function for that channel are delayed until
the channel usage ceases. .
15
17. A method according to any of __claims 10 to 16, wherein the trunk
communications links form part of a transmission network under the control of a
transmission network managefnent means, wherein traffic demand data is used to
co-ordinate the operation of the radio base stations and transmission network
20 managément means.
18. - A method according to claim 17, wherein traffic demand is monitored in

real-time in order to supply the traffic demand data.

25 189, A method according to claim 17 or 18, wherein any spare traffic capacity

is distributed in the radio and transmission networks.
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(57) Abstract
A celiular radio system comprises radio base stations (A, B, C), each having an allocated number of radio channels. Each radio base
station is connected to the rest of the network (BSC, MSC) by a branched network (5, 7a, 7b, efc.). At the branch point H an intermediate
switch is provided for connecting channels in the trunk portion (5) to channels in the branches (7a, 7b, etc.). The capacity of the trunk
tink (5) is less than the total capacity of the base stations (and of their associated branch links (7a, 7b, 7c)). At times when one or more
of the base stations (A, B, C) have surplus capacity, that capacity is disabled so that the capacity of the trunk link (5) is not exceeded.
‘The capacity of each base station (A, B, C) may be varied according to predicted or actual demand, provided that the total (non-disabled)
capacity of the base stations (A, B, C) does not exceed that of the trunk Iink (5).




