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extremely fast. In the UK, there were about one million customers in 1990. By
1996, there were over six million connections to mobile networks.
Cellular, or maobile, communications networks have become established
over the decade between the mid-80s and the mid-90s. There are various types,
15 including analogue and digital signalling versions. Technical information about
such networks has been published for instance in “Mobile Radio Telephones in the
UK” by Dr R.C.V. Macario, published in the UK by Glentop Press Ltd in 1988, in
the British Telecom Technology Journal, Volume 8, No.1, January 1990, and in the
British Telecom Technology Journal, Volume 14, No.3, July 1996. Two articles in
20 the last quoted reference which may be particularly of interest are “Mobile
Network Design and Optimisation” by Button, J et al, at pages 29 to 46, and
“Global System for Mobile Communications - What’s in Store?” by Holley, KA, at
pages 47 to 54.
Referring to Figure 1, a mobile network operator provides a set of signal
25 transmitters 2 for communicating, usually by radio, with a mobile unit carried by
the customer 10. The signal transmitters 2 are connected to switching units 3 of
a land-based network, for instance the Public Switched Telecommunications
Network (PSTN)}, on which the mobile network operator leases capacity. All long
distance traffic is generally carried by the fixed network. It is primarily the
30 customer access links, provided by the signal transmitters 2, which give the
mobility.
The “cells” of a cellular network are generaily created as follows. The

mobile customer receives signals from the network from any of a plurality of signal
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another mobile phone. In this way, one can instal something to operate as a signal
base station, even within a vehicle such as a bus.

iIn each cell, there will be several factors affecting availability of
communications bandwidth to the user. These will include facilities provided, such

15 as the capacity of available bearers, together with the traffic load already carried .in
a cell. Hence, in Britain the available capacity to users driving on the M25
motorway might be quite low, particularly at certain times of day, in spite of high
capacity transmitters being availaple. Then in cells to either side of the M25
motorway, although the transmitters may have much lower bandwidth

20 specifications, the available capacity might be relatively high because of the lower
population of users in those adjacent cells.

It is possible to provide real-time pricing information to a user and a
system for doing so in relation to a fixed network is set out in the specification of
co-pending International patent application number W094/28683. However as the

25 user moves from cell to celt of a mobile network, the real-time pricing information
can quickly become out of date and/or inappropriate.

According to a first aspect of the present invention, there is provided a
charge control sys?ém for use in a cellular communications network infrastructure,
wherein local charges are modifiable in response to current local traffic loading, the

30 system comprising:

i) monitoring means for monitoring current local traffic loading in the
netwark;

it) a data store for storing historic traffic data related to cells of the network;
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handover patterns between cells.
Because the charge-setting depends at least in part on historic traffic data,
it is possible to introduce a learning behaviour in the way charges are set.

15 Charge setting may be actually carried out in more than one way. For -
instance, it might be done by setting a field in a call record, during call set-up, to
show an applicable charge rate for the duration of the call. In the known
Cellnet mobile network, information specific to a user is usually stored at the
Visiting or Home Location Registers. Information about usage, which will be billed

20 to a particular user, is collected there in the form of toll tickets. A particularly
convenient way of collecting billing information in embodiments of the present
information, so that the charge rate for a call is maintained throughout the duration
of a call, including across cell boundaries, might be to set a field in the toll ticket,
at call set-up, which indicates a charge band. That field need only be modifiable

25 thereafter under extraordinary circumstances, or perhaps with the agreement of
the user. A charge band may be one of, for instance, 100 contiguous charge
bands to give sufficient flexibility in the pricing structure.

Traffic will be carried, and charged, in different ways. A purpose of being
able to set the charge rate is to influence the use of finite resources in a network.

30 Depending on the access technology used, the "finite resource” might be channel
frequencies, available time slots or, in Code Division Muitiple Access (CDMA),

simply the number of users communicating in a common geographical area.
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Preferably also, the charge control system will further comprise means to
peg a local charge rate for the duration of a connection established by a user. This
may be done as mentioned above, during call set-up. The pegging is preferably
maintained even if the user mm)es to a different cell. Alternatively, the system

25 might notify any current users of impending charge rate changes. The users could
then make a decision to terminate or postpone a connection. This alternative
might only be used in unusual circumstances, such as heavy build of traffic in a
cell during data download by a user, since it is likely to be preferred by the user
that a connection can be continued at fixed rate, once started.

30 Systems built according to embodiments of the present invention can
control local charge rates so as to take into account not only the resources
available at a customer’s current location, but also the resources available at one

or more potential locations for that customer. Preferably, the data processing
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A suitable form of algorithm might be used to generate the local traffic-
related parameter by calculating a value taking into account available resources,

15 expressed as Free Bandwidth {FBW), as follows:

FBW = (total capacity of a cell A)
- Z {prob. of handover from cell k into cell A) * {(calls in progress in cell k)

- average number of calls received in a time period in cell A
20 |

{The symbol ” * “ is used herein to indicate multiply.)

The summation in the above will generally be over all the neighbouring
cells k = 1,2,3... Usually, in known cellular networks for instance of the type
provided by Cellnet in the UK, there will be six neighbouring cells. However, in

25 some circumstances the probability of handover to a neighbouring call might be so
low that it can effectively be ignored. This might for instance be the case for calls
adjacent to the M25 motorway which map onto fields.

To take into account loss of calls from cell A, a further term can be added.
This will be a weighted value of the term:

30

(prbb of handout or call termination in a time period}*(calls in progress)
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relationship between available capacity and probability of receiving handover from

cell A.

15 Although the charge rate might be for a unit of connection time, it could
be set in different ways. The charge rate is simply for a communications resource.
It could alternatively be for instance for a unit of bandwidth, or number of bits
transmitted in a variable bit rate service.

Embodiments of the present invention provide a practical, substantially

20 real-time, control mechanism which not only controls the network charging
mechanism but can be used by the network infrastructure provider to influence
demand such that it is better optimised across the network rather than simply in
relation to a single cell of the mobile network. The demand is influenced by
supplying the price information to the customer in advance of the customer

25 deciding to make a call. They may decide to wait until they reach a cell where the
price is lower. This optimises demand because the cheaper calls will be those with
more available capacity. It would also be possible to advise the customer of
locations where the price will be lower and so directly encourage them to wait, or
indeed to decide to move to such a location.

30 Another advantage of embodiments of the present invention is that,
because the available capacity of adjacent cells is taken into account, the
customer can be effectively forewarned of call blocking if an adjacent celi is fully

loaded. If only the customer’s current cell is taken into account when a call is first
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PCT/ GB97/ 00923 Figure 2 shows schematically ﬁ-ue management structure for cells of a

cellular network;
10 Figure 3 shows a schematic layout of a particular geographical scenario in
which embodiments of the invention might be applied;
Figure 4 shows an instance of bandwidth allocation in use of an
embodiment of the invention;
Figure 5 shows a family of curves which may be applied in setting a
15 charge rate in response to current local traffic loading, in use of an embodiment of
the present invention;
Figure 6 shows an alternative family of curves to that of Figure 5;
Figures 7 and 8 show the values used to generate families of curves
according to those of Figures 5 and 6;
20 Figure 9 shows a schematic network architecture with a charge control
system according to an embodiment of the present invention; and
Figures 10, 11 and 12 show flow diagrams of steps in use of a charge
control system as shown in Figure 9.
{Figures 3, 5, 6, 7 and 8 may show an extra, inadvertent vertical line.
25 This is clearly not intended to be part of any of the Figures involved and should be
ignored.)
Referring to Figure 1, a cellular communications network is so called
because communications are provided to a mobile user 10 from transmitters 2
which are distributed over the space through which the user might move, for
30 instance by road 11. Each transmitter effectively creates a cell 6, 7, 8, within
which the user 10 will receive communications from that one transmitter 2, As
the user 10 moves, however, they are likely to move towards a different

transmitter 2 until, at some point, the signal from the different transmitter
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Enbodi nents of e&iﬁnamem hetvwerk 11pnsughoas dee #ublicaStviitched Telebsihmabicatidng 20
real -tine, conté{ chanl sm which not only controls the network charging
mechani sm but c¢ ﬁ"b°é used by the network infrastructure provider to
i nfluence demand Thecfixetl Hinoadibands ndredotie isotheinmais earriecofdeng distance traftfick

th th | mpl y. i I t K.
Faher a3 TRLY i PpnS! 1 B0 plbof RS s65be B, RGN St
customer in adeaireSwftclhhganinsiQMﬁUs)ZSwhwbcnrdneiglvtfu"mmctmnseﬂeﬂ Hpuess hay
dectde 1o vall URlbl t&%y?ths.aﬁﬂ ok @hd. M SESundd%o be conRbiEd i Rndvi{lanndihi S

calTs

optim ses demand because _ ose W th nor e
avai | abl e capactd gn apnrbpmuhddeaﬁstbebieeqbosts\fdbk g to adV| se the custoner of

| 'ocations where the Whg'%e%\l:"{ bild RetvidiR lis @Hﬂ\e%féddﬂorﬁﬁ(éd’ n&WHﬁaﬁtelstd%ﬁmyt 0

wait, or i ndeed to to nove to such a | ocati on.
Anot her advaté affe ciseghiornthmetworks wilhbayer theie m'vnu l?ﬂ)%?i“bﬁhqrg'"s [ygtem. The

because the avaj, L??{o‘? of @ lI%XleRxlorﬁq&ﬁG§E$pa%ﬁ+ krdml the kK@ RetwWtrd 136€84tRjing t he
custoner can be efftective orewarned of call blocking if an_ adja centhceII

is fully | ghadlong q-srtalm sectipr of gepnnrHpnssbetepR Foblle uperss The Reratat
account when a ¢g #decantWE)ﬁ(t1 will issue bills for the leased lines to the operator of the mobile

network in the same way as for any other leased capacity customer. Traffic which
20 terminates in the fixed network on the other hand, will be monitored and billed
according to the agreement between the two network operators.

In known cellular networks, there are provided large (~ 10 km diameter)
macro cells 6 and smaller {~ 500m diameter) micro cells 7. The former provide
country wide coverage but a low bandwidth, the latter service local ‘hotspots’ with

25 higher bandwidth available. Additional services are available through much higher
bandwidth, small pico cells 8 - typically only a few meters across. These are
assumed to be located in offices 5 and at special location points such as garages,
railways stations, motorway service stations, shopping centres etc. {Ali radio cell
transmitters 2 are connected in known manner to their local fixed network node.)

30 Referring to Figure 2, (in which the cells 22 are shown in a stylised
fashion without showing the different cell sizes) for management purposes the
celis are clustered. Although in Figure 2, the clusters are only of five and six cells,

clustering is usually done into groups of seven cells per cluster. Each cell has a
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established, the call may |ater be bl ocked on handover to a nei ghbouring
cell. Enbodi ments of the present invention can reduce the occurrence of
t hat happeni ng, at |east between a nei ghbouring pair of cells.

Enbodi nent s ofwbhgsmpsesent i nvention will now be described, Byr/esymeod2s 5
exanmple only, with reference to the foll ow n® Fi gures in whi ch:

Figure 1 shows schematically a cellular network infrastructure |ayout to
whi ch enbodi nents of the present invention will be relevant;

Fi gure 2 shows schasautansceivey statien MQ@RBNWSH isumenaged byra bask|ssatioh cantroller

cel lular network; g, ) 20._ The mEhSHRnt i V\ﬁthseh?s Rehe ot “anhg%b%% Rt dscs sit

particul ar geogr aph| C scenarito1n nbodr ment S I nvent i
m ght be appl i ed; mobile switching cettpsr (MSCs) 125ws (Twre arst enm:@uroatelyahdwaoudzen of

allocation in useth?;e Ahe Ce{}\ﬁ@ ?{)rtﬂé U'kne I nventi on; Fi gure

5 shows a faml curves ied in setting a 15 charge rate
in response to%urrent Thec'aﬁtwpﬂghaa e blldlmllsmgﬁeml B3 1af knovratype nisoctisrech by athe

the present invengisegizs, and one or more'ﬂo%rl&:a@oﬁ héﬁ%aé@@éﬁﬁlgﬁ'}'l c%tlér@fggtsﬁfergf

curves to that of Figure 5; gures and 8 show the va
used to generate 26, Alsg fkngpwnype.cIhe home and visitor location registers are used to locate

the nearest BSC 20 for an incoming call to a mobile user who could be in any cell
22 of any cluster in the network.
10 At least some of the MSCs 25 are connected to exchanges (not shown) of
a fixed network 1 which carries long distance traffic between mobile users.
Referring to Figure 3, a specific example of dynamic charging according to
an embodiment of the invention might be as follows:
average number of calls received in one time period = 2,
15 number of calls in central cell = 6

total capacity of each cell = 16.

In this specific case a cluster of seven cells 22 occurs at the crossing of a
main road 32 and a minor road 33. The associated probabilities of movement from
20 neighbouring cells into the central cell (A} are obtained from the underlying
geography or handover information, together with the number of calls in progress
in the neighbouring cells.
The number of calls in progress in each neighbouring cell, and the
probability of handover to cell A, is as follows:

25 (a) 8 calls in progress - probability of handover 0.20;

(b) 3 calls in progress - probability of handover 0.00;
{c) 6 calls in progress - probability of handover 0.02;
{d} 10 calls in progress - probability of handdver 0.20;
(e) 10 calls in progress - probability of handover 0.00;
30 (f) 5 calls in progress - probability of handover 0.02.

FBW for the cell of interest, cell A, may be calculated as foliows:-



according to those of Figures 5 and 6; 20 . Figure 9 shows a

schematic network architecture with a charge control system accor di ng
to an enbodi rent of the present invention; and Figures 10, 11

and 1 2 show fl ow di agrans of steps in use of a charge control system
as shown in Figure 9. (Figures 3, 5, 6, 7 and 8 may show an

extra, inadveyd ertical line. 25 This is clearly not i ﬂugﬁi) be

’ 5'7'?'3950 . . .
part of any g? the él gures involved and showg d be |gnore§.E§16
Referring to Figure 1, a cellular comunications network is so called
because communi cations are provided to a nobile user 10 fromtransmtters 2

which are di stridaw ed -0VefotdiRBpsndd celfpough which the user mght nove, for
30 instance by road 11. Each ?ransm’tter effectively creates a cell 6, 7,

8, wWithin whi ch t he ue¥s inprogiess recei ve communi cations fromthat one
transmtter 2. As t hesyser ves, ho er, are. likely to nove
towards a different 'tzgﬁfs%i"}?"ég&z’ehﬁf"iw c\,,'\aﬁgtm%ﬁrg?%fﬁahf n ‘i’ﬂ@'egﬁ Bnal
fromthe different t ransr’q':é“tlgr WO 97/ 37503

PCT/ GB97/ 00923 becones stronger than that fromthe original
transmtter 25 At this pot aneragerrmsmbep pf calls rdq@ived e selloA firea timegieyiod.nt o a
different cell 6, 7, 8, now served by the different transmtter 2

instead of the original transmtter. This is known as "handover".
The transnmitter 2 nay The gvinghatiomdn the laboveoisnener @it the mejghbburingt catlerk o= (al5

user 10 and a fqg) @NqdlC WIARE i#HORrmErREdS in HRWRKE e Hat: | ONg di stance traffic,
1 i kely 'y

d
t he transmtter g i's nore ely to provide on alink fromthe nobile
user 10 to a fixed

10 FBWincell A

16-6-(8*0.2 + 3*0 + 6*0.02 + 10*0.2 + 10*0
+ 5*0.02) - 2
= 4.18

Hence the bandwidth is allocated as shown in Figure 4. That is:

15 6 channels 40 to calls in progress
3.82 channels 41  to space for handovers
2 channels 42 to incomings
4,18 channels 43 to free bandwidth

20 {Although this result is a mathematical one, used in price setting, it will be
realised that in the “real world” the number of channels allocated would probably
actually be an integer. Hence, 4 channels would be allocated to space for
handovers and 4 channels would be allocated to free bandwidth.)

The probability of handover from one cell to another can be calculated in

25 different ways. For instance, the expected number of handins from each cell can
be calculated in one of three ways: '

{i)  store information on the number of handovers between cells, and use the
average over a certain time interval for the number of handovers expected;
{ii) store information on the probability of calis in each cell handing over to
30 - each neighbouring cell, then:

expected number of handovers = probability of handover*number of calls;



communi cations network 1, such as the Public-Sw tched Tel econmuni cati ons
Net wor K. The fixed (broadband) network 1 is the main carrier of
| ong distance traffic 10 and is represented for the purposes of this
exanple to consist solely of Digital Main Switching Units (DVvBUs) 3
which are nearly fully interconnected. Houses 4, offices 5 and ot her
bui | di ngs et c.wagsmesuned to be connected i n known nmanner PCT/GBIWN923
appropriate node of the fixed network 1. 1 Where a nobil e network
is connected to a fixed network 1, it is usually 15 the case that both
networks will have their own billing and chargi ng system The oper at or
of a nobil e net wor kfiill e ause positipring informaginn ahd: speed daforneatinn itk baild afistadcald ng
the | ong distance secti or
of - "ihe i wed not warel ere fRANE rbaiin SRR o TR LoiCor FeSr. THE pBH s
operator of the nobil e callsin thistlisbiskthemthelrmmbenef expected hodinany ot her | eased
capacity custoner. Traf t h I n,the
ot her .hand, will be nonstl")tsgarni%&gﬁd%btqe s"aééﬁt@%@idcg;(f)brb g'l ﬁ%s twﬁﬁ‘g h%gg%'\#r?e(é?r@n?rg
between the twd nataady kneyse vehidhy @an provide location infqrmatieriman adautacy of methaps Rs,
there are providegy %&es(m;@sm gmkﬁno support BPfeEA LRk bscaﬁusa.n&iysmshﬁr
(- 500m dianeter) mcro cel former provid country w

coverage but a | ol sdmwndtqna F'HEWF%!HGePf @emrecelhbcampimawp@n@rmw nqs't@a
hi gher bandw dth g¥gidasbh G séﬂgieﬁ'lﬁﬁNal§erAWo%$ pﬁglﬁoﬁﬁ{@' }/@tghelst{ﬂﬁpﬂg&vﬁnégh
hi gher bandw dth, small pico cells 8 - typically only a few neters
across. These are Datat"a‘hssumed to be located in offices 5 and at speci al

l'ocation pointfysuch agnarEIMA, system fsaftlw&,eat &dr QBsur, WhiePd WA Kalf hay 6
stations, shopping centres etc. (Al radio cel transmtters 2 are

connected in knowECR¥AM AT MPE thARPPE PS%%?‘W?’!(@H‘“H%’F\RB?'K Aot that igget up in the

Referring to Fi gugsrt-Randover I«bbioﬁh:ohhebdieiféréd 22tw&|o%MWﬁe lsﬂoﬁgest sdgha&dat it's
fashi on wi t hout show n rent eI | sizes errent r'g%ses

the ol 1's aPEeiRls; Afeteiva Rl Frll ghes are AR 5 e eRoTSPE SoRP Catiy
of five and six ceé hﬁade more expdinkivé @§ ithey dré irlerttt Lyingl eecrebdiiréesgdh muaéuﬁh one
seven cells pey cl L{F Each cell has a

5 “cell at the same time.

Note there are potential, additional modifications of the free bandwidth
formula. For instance, depending on the time interval between FBW calculations
and the variance of handout and call termination values, it may be worth taking
into account the loss of calls which were in progress at the beginning of a time

20 period. To do this, there can be added some weighting of the term:
{prob of handout or call termination in a time period) *{calls in progress]

if the time interval between FBW calculations {and therefore price re-
25 evaluations) is long, then by assuming all the calls in progress at the beginning of
the time period last for the duration of the time period we are over-constraining the
available bandwidth. A similar situation arises if we have a main road for example
where the stream of handovers is steady. Generally though the call termination/
handover rates will have enough fluctuation and the time period can be made

30 sufficiently small that this term need not be used. '

One can also impose the restriction that
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PCT/ GB97/ 00923 base transceiver station 2 and each cluster is
managed by a base station controller (BSC) 20. The nmanagenent structure
is hierarchical and above the BSCs sit nobil e switching centres (MSCs)
25. (There are approximately half a dozen of these in the Cell net
network for 86744 ©° The network has a billingp&y&henea3 of
known type, accessed by the MSCs 25, ahdl one or nore hone | ocation
registers 24 and visitor |ocation registers 26, also of known type. The
hone and visitor location registers are used to |ocate t he nearest BSC

20 for an incomng call to a %Wﬁee%ﬁrfng iwcqujl d be in any cell 22 of

rq

any cluster in the neEBWEkin easty sone of the MSCs 25 are

connected to exchanges (not W#)"fdf""’"g‘”'ﬁ"f’r; d network 1 which carries

| ong distance traffic bet S Referring to Figure
3, a specific exanple of \Agnarémgwn r%‘?ﬁ% aécordl ng to an enbodi nent of
the invention mght be as follows: average nunber of calls

received in one tinme 'IQ\ g?gents %etﬂ?@ up.more calls ﬂ]u{me({eigaaﬁmel Sell i K& %Ie

cell =6 capaci
this specifi® cdﬂetcahaﬂdus&eer HoWewary thie teern vgll POt eareally beyneaded vvmsaqhgcebf a

nmain road 32 angd.&..d &% Fhaddifs@ssoci ated probabilities of novenent
for™h.
from20 nei ghb‘gﬁrlsné'gg S |gn aﬁe gentral cell (A) are obtained fromthe

under | yi ng geogr disies 'ardmmﬂeﬂomn‘fﬁyﬁ’nﬁ'ﬁﬁ)ﬁ cash funetion. iThe exaet gestber
of calls in progie§éh can bé PefinB& bV%QQ@QM@'tHQ cﬁﬁéuh%f response to dlfferexhﬁnéliérfber
of calls in progress In each nei ghbouring cell, and probabi ity of

handover to cel thisdatasorahow ghe @mse atfects (paebabll'txsot;awatemprﬁ pekig a el can be

probability Qﬁw{he%@staﬂon anc( fould begu&ﬁ{édsat'rébdi‘ér%ﬁf%ﬁi - probability
of handover 0. 00; (c) 6 ls in [fgress - probability of har‘dover

0.02; (d) 10 /é'si?qusmwepﬁﬁfg?'ee&c"‘g e il e dererins e £Vearigall
(e) 10 cal | s aidbrdihd Ao toﬁb‘lﬁmmekﬂidn‘éepfth@&mvef dds Functfdons (Eguld bed
calls in progr e?esbre-seregegbba\l/bclnlr{l(-tzsyofozhehf%pnqg gt?gwn in glgures B and 6. Refemng first to
Figure 5, the cost function could be of the form:
15
cost = k* (1-X%) + C1
where: X is FBW;
C1 is the cost of the cheapest call, when the free bandwidth is the total
number of channels because there are no calls in progress in the cell or its
20 neighbours and no incoming calls are expected;
g is a parameter to set the shape of the curve, the different curves 50 of
Figure 5 having different “g” values; and
"k + C1” is the maximum cost of initiating a call, when the free

bandwidth tends to zero.

25 Referring to Figure 6, alternatively the cost function could be exponential,

having the general expression:
cost = kExp{-aFBW) + b
30 where: b is the charge for a call as FBW tends to infinity;

k + b is the maximum cost of initiating a call, as in the "k + C1”

expression above; and



FBWf‘or the cell of interest, cell A nmay be «calculated as follows: -
WO 97/ 37503

PCT/ GB97/ 00923 10 FBW =
total capacity of cell A - calls in progress

- [err](prob of handover fromcell k to cell A* (calls in progress in

cell k) 5 WO 97/37503 - average nunber of calls receivedptiveeeihdoszd i N a
time period. The summation in #%e above is over all the

nei ghbouring cells k = (a), (b),(c), (d), (e) and (f). Therefore in
this case we have: 10 FBWin cell A = 16-6-(8*0.2 + 3*0 +
6*0.02 + 10*0.2 + 10*0 a determines the shape of the curve. + 5%¥0.02) - 2

= 4.18 Hence the bandwidth is allocated as shown in Figure
4. That is:

In the case of “b”, it might be noted that even at 16 free channels, the

cost approximates to “b”. Putting in the values:
cost = kExp{(-16a) + b

Referring to Figures 7 and 8, the values used to generate a family of
curves according to those of Figures 5 and 6 can be seen.

10 In Figure 7, “k” and “C1” (expressed as “d” in Figure 7) are given the
values 5 and 0.25 sespectively. The family of curves is shown for values of “g”
from 0.25 to 2.76. ‘

In Figure 8, “k” and “b” are given the values 5 and 0.25 respectively. The
family of curves is shown for values of “a” from 0.1 to 0.5. _

16 The cost is chosen so that in conjunction with the consumer response
values one would expsct a certain proportion of the free bandwidth to be used in
initiating calls in that time step. The actual proportion would be a compromise
between maximising use of bandwidth and damping oscitlatory effects induced by
the pricing.

20 The function used to derive cost from available bandwidth can of course
be selected to suit the circumstances. The shape of the uppermost curve 51 in
Figure 5 may for instance be found to have a buffering effect as available
bandwidth gets low because the cost rises early as the available bandwidth goes
down and will start to inhibit users from establishing new connections while there

25 s still significant bandwidth remaining.

Suppose in the specific case outlined above, where the free bandwidth in
Cell A is 4.18, we have the selected cost curve 61 of Figure 6, then the
corresponding price offered to users wanting to initiate calls in the central cell is 2
units.

30 The cost formulae above work from the free capacity in a current cell for a
user, modified by the amount of incoming traffic which might be expected from
neighbouring cells and from new calls originating. It is possible to use a formula

which starts instead with the free capacity the current cell but modified by the



15 6 channels 40 to calls in progress <+ 3.82 channels 41 to space

for handovers 2 channels 42 to i ncom ngs 4.18 channels 43 to
free bandw dth 20 (Al though this result is a nmathematical one,
used in price setting, it wll be realised that in the "real world"
t he nunber of channels al | ocated woul d probably actually be an

I nt eger. annel s woul d be allocated to space for ﬁ@pgovers
and 4 channe 5‘?.2 be allocated to free Bandwi dth.) FCTGR

probabi lity of handoyer fromone cell to another can be cal cul ated |n 25
di fferent ways. For instance, the expected nunber of handins from each cell

can be cal gxfedtRidnio? tAE@s& mbARE ntvaySell with differerti dvailfbidd Epacity. OrTHRL | ON
on t he nunber of handgvers betm??n cells, and use the aver age
over a certain tght bedprulated a8 follows- nunber of handovers expect ed;

(ii) store inforrratiorheorprreihg rférercaltioh | tsy badedC anl @ ichargactate efok fhandisérgs
over to 30 eac

h
nunber of handoﬁ'é?"é“sxa?ﬁeﬁ’bgﬁq% Bourl n%PFa?f S\f?}’aﬂﬂ'ﬂﬁ‘efh ofurreLyt cell. Wepg?'ted ™ wo

97/ 37503 5 relation to free capacxtv in adjacent cells. The cost of a connection set up based

PCT/ GB97/ 00923
i nformation to B cﬁ‘aﬁes’?te %""L{EF" g«?&al neRnGH thgrﬁﬁﬁﬁhl '?gs 'ﬁlrh?éfyt"f‘Ss Mesul t

in a handin to thageedtk seibcted tjastisstin tﬂ'dnﬁreamsmiarmﬂes) calls in
this list is then th nunbeé? of e Systens such

as the satellite basel™& b 0% t%fe i g'ﬁg y%stfréﬁ?v('ﬁ?S) are

P=C+F(Col + Z Wn * F (Cn)

n=1
10 where
P = Price per unit time
C

F .(Co) = function “F” of free capacity in current cel!

Basic cell change

Wn * FICn) = weighting factor for adjacent cell n multiplied by a function

15 of the free capacity in adjacent cell n

The cost of a connection established at time T1 and disconnected at time
T2, for the customer, will then be P x (T2 -T1).
The basic cell chérge, “C”, might be fixed for all cells of a network, and

20 might indeed be the same for all the cells. However, it might also be controlled to
modify price information in a global manner, for instance, it might be raised at
times of peak traffic in a network. Hence “C" can be used to influence traffic in
accordance with global factors rather than factors local to a single cell and its
immediate neighbours.

25 The function of the free capacity in the current cell, F {Co), will be
selected by the network operator to influence demand appropriately. it will of
course normally be an inverse or negative function, so that “P” increases as free
capacity decreases.

The functions of the free capacities in the neighbouring cells, “F (Cn)”,

30 may in practice repeat the same functions as for the current cell, but each

neighbouring cell is also allocated a weighting factor “Wn" selected according to



5 al ready known which can provide |ocation information to an accuracy of

per haps a few netres. This is easily sufficient to support at |east a
list of calls likely to result in a handin to a macrocell 6 or a

m crocell 7, sinply by nonitoring position i nformati on at sel ected

i nterval s. Anot her positioning systen1is t hat known as "Dat atrak". 10

In a CDVA syst@@o7sgsst - handover' can occur, where a call naycip&B700923
received at nore than one base station si rmltﬁneously A call that is set
up in the sof t - handover region could be offered at the price of the
strongest signal that it's receiving. Alternatively calls that are
managed in the softte brehabilityrthee gheogustomed will mdye intedthatmel dexipg Bogressast a
they are in effechM‘%bﬂgNohe resources in nore than one 15 cell at the
sanme tine. te there are potential, additional nodifications
of the free bandwi dt h In the@bpye it hasdheen mssumertthatidheradirn @ calls tadiacentn® the

interval between E\ﬁWﬂQ aéeﬁ”h%crh ihg 2 wﬁ]ﬂm& h‘gct\éfar 'I‘@ﬂcx?osgglehl%nﬁggtmt@”eﬁ:c?nﬁlt

termnatlon values to acco
cal | s which wer% wapb'bfgfrfés?s“ b@nctower tyefgﬂhmb@ed)edlacqnit aells2 for ipssenagchneTas teo

this, there can bgaagaledadiedsht Ve hEbMN@siahed rk‘?\oﬁlﬂrtme user be trabdlirRPoPthe M25
handout or call termnation in atinme perio L*(ca S In progres

If the time inter Matoryayynedhhandpyerds exiremely fikely a9 @nlyHaocadincentedlise Therefore
eval uations) is | ﬂ'fbgpnéeh\ﬁ‘fn K dé@amnied % drbétidey ARl datic! (‘]\agjf' Oa‘r@\ﬁsciu%mt B&, a,

begi nni ng of the tine period last for the duration peri od
we are over - const fiichipmPtt e free capagity |and| thepwaighiedt functionsi af loaly twe waft then
arises if we hfyeadaéeiedefspad for exanple where the stream of
handovers is steady. Cenerally though the call term nation/ handover
rates will have enough T'T%d’ﬁﬁi’t“(’gnfaﬁ?ﬂﬂs 938 ot geurse bedelesigd pie ARy aPprppriate

sufficiently smal manhél RbiveverLitmaebs paditulBly USSA. to use historical demBRE d&lNto
al so inpose the r ggstigrnl %%lggtlng pactors which will reflect accurately the probability of a customer
moving in a particular direction, and therefore the probability of each neighbouring

15 cell receiving handover. This will of course be time-related.

It is possible to use the weighting factors to reserve capacity in a
neighbouring cell. This is possible because a high weighting factor will indicate
high probability of handover. Hence, it would be possible to set a threshold for the
weighting factors, above which capacity is automatically reserved in the relevant

20 neighbouring cell.

In the equation for “P” given above, there is no weighting factors given for
the function of free capacity in the current cell, “F (Co)”. There is no reason a
weighting factor, “Wo", should not also be used for the current cell, and indeed
this provides move flexibility in the algorithm.

25 The charging information c_:ould be guantised in time to simplify the billing
information. For example the charge is set for the next 1 minute. All calls set up,
say between 12:00 and 12:01 are charged at fixed price. Then there may be a
different price for lcalls set up between 12:02 and 12:03. This would apply across
a cell, a cluster of cells or a group of cells such as those controlled by a Mobile
30 Switching Centre (MSC). In general each cell would have its charge rate banded,
say 1p to 100p or 100 charge bands. There may alternatively be no upper limit

set so as to allow for inflation.
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FBW< mn no of free channels in cell k prob of
nmoving info cell k over nei ghbouring cells k=1,...6
This prevents setting up nore calls in the cell than the cell is likely to
be 5 able tqyfefshsgyver. However, this termwll not nornalié&ﬂﬁ%ﬂwﬁﬁged
where each cel | eaves enough space for18hand-ins” [

is determ ned from FBWusing a cost function. The exact cost function

can be refined by considering the consuner response to different prices -

this data on how the ps degciddeboe, RhOBRGGE katté/'soébvfd@ﬁ:%?ﬁc%bfé%'cﬁﬂt Fer @Al
can be 10 stored by, the b%ﬂ'é‘ﬁ 1tlﬂ%on and shoul d be u ul ar
t

i nterval s. time of single Heweys" His '&‘1“?(@”‘3'?#'5?'@@9 bgj atfe tpoprovide
det er mi ned dynamwalaldhynnel confi€dtiofls Ngich Oast b&c@%%téﬂli‘ﬁméeﬁ&@n&emdt% aafis of
cost functions co bﬁ_‘ 'ﬁq{ esent edd g L{I’VGS of the forms shown in
Figures 5 and 6.° 8?er °A% cPY Eharged ap-p qnyitiplg of the singlg changel rate, whishd
be of the form rih&ltnple may or may nocﬁstan-mtléﬁer( 1Be6hesd the)managément of d¥ARE&IonE | S
FBW LR } q‘ %ﬁ ké#he che est call, when the free

bandwi dth is the sﬂ?{ pIiple chapligg, & sty E’n'&ﬁ ?ebéfé'ﬁl?gé"'t’hg}aé be rgasppablg|tp g
in progress in téhargeehl premiir Sfor Csushi gorpectichsandrhao is, NetBiving & amufi-cHafinel
expect ed; '

di fferent curves °§'B°°&%° nand e%?iﬁﬂﬁ%ngﬁ%eg'v%’%és‘ﬁ{ F’%ﬂ%e???ﬁe"g‘ﬁ t9a'i’71h§§‘ws£ﬁ\{i§iha$‘he
"k + C1" is the camyingLout ¢los$anad openatianatfomggees wiah kingletvhianrieh orineetions.
bandwi dth t en|(6s to zengr multiple channel calls, it is possible that the number of channels may
change while the call is in progress. This change may be initiated by the network
due to congestion or diificuity of handover, or it may be initiated by the user
wanting a change in provided bandwidth. It is possible to record the total number
of channels used throughout the duration of a call, and charge the user
15 accordingly. For user-initiated bandwidth changes, there may be limitations, such
as not allowing a bandwidth great enough actually to affect the charge rate.
Dynamic charging could also be used in a packet-switched network where
the user sends a varying rate of information. Using Asynchronous Transfer Mode
{ATM) terminology, the cost to the user would be equivalent to the cost of the
20 “etfective bandwidth”. This takes into account average required data rate and
variability and ensures certain quality of service parameters are satisfied over all
calls. In the same way as in muitiple channel! aflocations, the value of the effective
bandwidth will relate to some muiltiple of the cost value.
In ATM, although it would not be possible to predict the rate at which the
25 user would send information, the charging information provided to them, for
instance for a single channel, would still provide an indicator of relative cost to the
user for that particular cell and current traffic load.
Dynamic charging could also be used for assymetric services, where the
uplink and downlink data rates do not need to be the same. An example of this
30 could be using the WorldWide Web from a mobile computer. Most of the data
transfer is downlink, that is from the base station to the mobile computer. In
dynamic charging, it would be possible to charge for the total number of channels

used, regardless of whether they are uplink or downlink. Alternatively, the two



25 Referring to Figure 6, alternatively the cost function could be

exponenti al , havi ng the general expression; cost =k
Exp (- a FBW + b 30 where: b is the charge for a call as FBWtends to
infinity; k + b is the maxi num cost of initiating a call, as
inthe "k + C1" expressi on above; and WD 97/ 37503

13 wo 9737503 PCTGB97/ 00923 a det er nrcmeBY7@23 hape
of the curve. In the case of "U‘, it mght be noted that even
at 16 free channels, the cost approximates to "b". Putting in the
values: 5 cost = k Exp (- 16 a) + b Referring to
Figures 7 and 8, ditections eauld besehprges ajcdiféeramteratesi depangdingfon the relggivecyimber of
according to thosga.pfeidi gures 5 and 6 can be seen. 10 In Figure 7,

"k" and "Cl" (expressed as "d" in Figure 7) are given the
Price information can be supplied to customers by known means, such as

via Simple Message Service (SMS) in GSM or D channel in ISDN.

Instaliztion Architecture

The arithmetic calculation of the price per unit time, “p”, which will be
notified to the mobile customer, can be done by any convenient means.
Nowadays however it will usually be embodied in software and will sit in relation

10 to the network at a point where it can receive information on free capacity in the
cells of the network, or at least in the cell where a call attempt is to be made, and
in its neighbouring cells. '

The dynamic pricing regime described requires that a cell be aware of the
traffic loading in its neighbouring cells. As most cellular networks are hierarchical

15 in their management structure, as is the structure shown in Figure 2, it will be
better that the pricing application is distributed through the network so that when
a boundary between areas controlled by lower level nodes is encountered the
request for information is passed to a higher level node responsible for a larger
area.

20 _ Alternatively the network could be designed so that these boundaries are
aligned to hard geographical bouncaries or even that discreet dynamic pricing
environments are located through the network in areas of high demand.

Referring to Figures 2 and 9, in a network with a management
infrastructure in which clusters of base transceiver stations {BTS) 2 are managed

25 by a base station controtler (BSC) 20, pricing within the cluster could obviously be
managed by the BSC 20. This is therefore where a charge control system 21 for
use in embodiments of the present invention might sit. At the boundaries of
clusters, the pricing process could be carried out by referring up to the mobile
switching centre (MSC) 25, or by linkage 97 between the BSCs 20. Similarly at

30 MSC boundaries, linkage 98 between MSCs 25 allows the exchange of
information such as tratfic or price information,

Once a charge rate has been calcutated and set for a user connection, in a

transaction involving a call record it will be output to a billing system 23 of known



~

values 5 and 0. 25 respectively. The famly of curves is shown for val ues of

"g" from0.25 to 2.75. In Figure 8, "k" and "b" are given
the values 5 and 0.25 respectively. The famly of curves is shown for
values of "a" from0.1 to 0.5. 15 The cost is chosen so that in
conjunction with the consuner response val ues one woul d expect a
certain propwa9smedf the free bandwidth to pe used in ROTIGBYAROEY cal | s
in that time step. The actual proportion would be a conpromn se bet ween
nmaxi m sing use of bandwi dth and danping oscillatory effects induced by

the pricing. 20 The function used to derive cost from avail abl e

bandwi dt h can oftYReohgF iagging in the apprerriatgicaliyecqift Billng systemme? fhinewn agiiular

shape of the uppgfsIRS a&tuswalﬁatdrﬁced atﬁbmeneﬁenay for instance be found
to have a buffering effect as avail abl e wi dt h Igets | ow because the

cost rises early as tR&feHRgi 1abpWe i iavesty '8%? in a cefigiRh ngherli thet wsuaby (o

inhibit users f mmw&he&&w%mma«wmmt&mwae whai dtﬁrgtehﬁfn&oizéystérﬁ 93tk lat
significant bandwd r enai n the sgem fic case

T e o8t e F1RROR Pevalier,ARi Ehis fsr small BRIREN AT eASorgbio ROMALYRS 1o

sel ected cost cClgower Qiatafonﬁblgurea.u&;cytmbaaﬁdmeand harﬂﬁﬁé’refbﬁmﬁgas@ltnaﬁﬁ:ewer
offered to users vvant:v;ngiq(? |nt|a£‘e cal entr{'i
units. 30 stationg 2 Poder s,gqntie "a'ﬁo'\'/'g WIP fct”BFFf’% ﬂ\“r'ég'o 'Hﬁggf’? )?'"i’ n a

current cell forconsequentiyu@@uld teosl |gi>odadmbyat h«amrmwndsreofswnimmmvérrﬁta ite
whi ch m ght be

e ctedfrm nd fromnew calls
originating. It Hg "ﬁSé'é‘feoYaé'andi}g@g e%d?‘ﬁtﬂ'ﬁpﬁce m WF@H‘ starts instead with
the free capaoi ty theOtherrsaitable @lointdwihersoghef sottsivaby niighe sit, or at least dlfPain the

Iggé{r? Zgg‘;’ /00923 necessary information, might of courlsAé be difterent for different networks, and for
different network operators or for different equipment manufacturers. However,
networks will generally be provided with traffic monitoring capability at the cell
level since it is important for planning network capacity updates. Embodiments of

15 the present invention simply exploit that existing traffic monitoring capability.

The chafge control system 91 itself comprises monitoring means 92 for
monitoring traffic in the cells of its cluster, a data processor 94 for generating a
charge rate on the basis of current and historic traffic data, data stores 95, 96 for
holding the current and historic traffic data, and charge setting means 93 for

20 outputting a charge rate generated by the data processor 94. The charge rate may
be output just to the user(s) or to the user(s) and to a billing system 23, depending
on the charging mechanism to be applied. _

Charge control systems 91 may be connected at the BSC level and at the
MSC level in the network, as shown, or may reside at only the MSC level, the

25 charge control system residing at the BSC level for instance being replaced simply
by monitoring means 92.

When a user in a cell 22 wants to set up a connection in the mobile
network, he/she puts their mobile telephone set in the off-hook condition. This
sends a signal, using a common control channel, to the base station controller 20

30 for the relevant cell cluster. Normally, the base station controller 20 would then
assign a vacant channel {for instance a frequency or a time slot) from the BTS 2 to
the mobile handset and subsequently establish an appropriate connection to the

call destination. This includes the triggering of a toll ticket for the duration of the



expectation of the user noving into a cell wth different avail able

capacity. This m ght be fornul ated as foll ows. The pricing
information is based on a charge rate for the user's ci rcunst ances,
depending on the free capacity in the current cell, weighted in 5 relation
to free capacity in adjacent cells. The cost of a connectlon set 7p based
on that chargeWPAIR7SM 1| then equal the |engtfy the connecti ofCTERY ace,
tinmes the charge rate selected (just as |n t he previ ous exanpl es).

Thi s can be set out arithmetically as foll ows:

|(:3> _ Prl ] E évlj'nc&\g]%?l) {lclfé is lubsequenf ly s?%)ed at the whmg gagﬁsgo éc'cIat:on
change regnfte(scm 26 fopsuh‘sanmﬁm ase ihfBillingf thiercastoapaci ty in current

CmeJ: It| plied by a funct i orF?( %Lo?‘mt\éﬁgsg ree fggt O{"V];r%?\mg ggsgqr{]{a"'g'g:'f‘ ﬁrﬂ‘e control

The cost of a conwbamnebnﬂwsma;bll sethwrimay atsortagdet tmdeldawomfmneeﬁrﬂdrm:ohltnhe

11205 e g St e ey ol

i ndeed be t he sanﬂ?efdythed tqm uses| bvsmemﬁ\lbe' pommomcgm‘ola;hamelbeAamnheajioheml

to nodi fy pri f f ' Lt om.ght
: ?tl‘lé?\ %? rﬂg tbqn EE’I sQiInQ{?tﬂ'J urm?,?nee lr]?(elr h%é ﬁ%@ﬁr&r%gctgat {hsg Yighy

be rai sed at |nes In a ne can
to influence traf ftb@oiahead. Altemetu\redtartbepwet lthgrhatbm might be delivenechtsr thehmer by

factors local to Q'néfdnggbme #6! bhéthel 1akS %%@(‘r fz@e' gg Mgﬁdﬂnﬁg5above.

d b
The function of the free capacity in ﬁrée cwyrent ce
sel ected by théon@m%'%ﬁ@@Edh‘st%agmf’#méﬁd@ad&emmv azppvanman@ny which khé |

of cour se nordgRtrbyordgsi@Red BHé?{nélecéN cdORHd Way #ms&ean&Tﬂg e?waﬁm e With

i ncreases as free capacity decreases. uhctions o
the free capaciti ggleyant: spatrgbisighglotormaly @cbe by SimplecMessage Service or by the D

channel in ISDN.
The base station controller alerts the charge control system 91 when it
15 receives the initial contact via a control channel from the user. The charge control
system 91 runs an application at the data processor 94 to determine the current
charge rate for the cell 22 where the user is located. The application applies the
selected algorithm(s} to calcul.ate the FBW (as described above} and applies a
selected cost function to arrive at a price for the user. The data the algorithm and
20 cost function are applied to is taken from two locations in the data store 95, 96.
One of these stores current traffic data and the other stores historic traffic data for
the cell, which will usually incorporate a time dependent factor such as time of
day. The charge control system 91 will also therefore require time information in
order to apply the historic traffic data correctly. Preferably, it will obtain this
25 information from a centralised source in the network, to avoid discrepancies arising
between cell clusters or geographical areas. )
The charge control system 31 will now output a unit price which the BSC
20 sends to the user. If the user decides to go ahead at that price, the charge
control system 91 is triggered to send the unit price data to the home or visitor
30 location register 24, 26 for the user, where it is captured in a field of the toll ticket
for the connection, for subsequent use in billing the user.
{As decribed above, the user may pay directly in some manner for the call

and the use of the toll ticket field as described is optional. However, the charge



30 may in practice repeat the sane functions+-as for the current cell, but

each - nei ghbouring cell is also allocated a weighting factor "W"

sel ected according to WO 97/ 37503

15 PCT/ GB97/ 00923 the probability that the
custonmer will nove into that cell during progress of a connecti on.

I n the abovewbto7m83 been assuned that there are 6 cel|ls adpareBe7/amR3t he
current cell, each having a weighting factdC It is possible to take into
account 5 probability of call handover to only sel ected adjacent cells,
for instance one or two particul ar adjacent cells. For instance, should
the user be tr avetrdingystam t9e il Soutput thet umitvepyice cthpn drapdoie r the sapprenriate | y
likely to onlytcx\é)rﬁg %g;“ n§! |'s. Therefore the price will be

determ ned in pr act

Re basi c charge of the current cell, a
function of its free 6am§o| e, seerl in WQ%%ghﬂf@d"mm‘cf'P‘dn%‘ wepem| of deltyedna t he

10 adjacent ce d Wei I VAT
selected in anybggg 6"5?'."51"” as e%gﬁ)r?er eG%O{V@%eﬁﬁﬁlésﬁ p;eaniaﬂg t‘%art | cﬁ?eé%)l%u

useful to useb hbstioformatioridefiyatsdrviargs by the hase GW“W@F@MSFQ?@"F e CONERIRG ch

will reflect acquemlghd n§ Qﬁd Hoﬁm\})in#drﬁ%tlm Geﬁé&ﬁltyo 6rmation Fa¥deldip! ford the
particular direction, and therefore the probabil of each nei ghbouring 15

cel | receiving BSFaARtO thFHV‘§C§v|2§IW'Hfb°C'B @E"%’elq"ﬁ'ét—weqhat"ﬂéﬁ”mk as a whole.

It is possible yQoksstion divhWwards 36ill 9eferbify BeCsHaFgIt IRFAMELIGH for fhetu
nei ghbouring cell. ¢ Th: sml?’gg}ﬁ%sm bl er becagseraghl gh v\%'eb htin lf act or v:elrl

i ndi cate hi gh pr obhee|alsoynesds kg Agsipate infasmation transyssien %t“tﬁﬁgsq'%?’é‘t? 0
set a threshebd gk Qhe shiRe level WRtHENMEtABrK ATHIONGIll cBEGH Y Mtﬁheﬁﬁm@kﬁey uses is

automatically r elc?ceart;/detgi ; cr:]ellt ahtethtre eeldgeev gfn ;[a c%gter n%agah%?lilwuren an one cluster will then
be necessary before a charge control system has sufficient information on which
to base a charge calculation. BSCs 20 and/or MSCs 25 will then have to exchange
current traffic load and historic information amongst themselves.

15 Embodiments of the invention could be used for non-real time services
such as E-mail while voice telephony is maintained at a fixed rate. This is because
users may not care greatly when non-real time services are delivered and this could
take place in period of low demand on the network or when people move into cells
with free capacity.

20 A system such as MONDEX could be used to collect payment. Therefore
no bills would have to be produced. Billing information could be collected on the
mobile user’s equipment and/or in the network.

Referring to Figure 10, together with Figures 2 and 9, a flow chart setting
out steps in operation of a system according to a “centralised” embodiment of the

25 present invention, in which the full charge control system 91 sits only at the MSC

level in the network, is as follows:

STEP 100:
Monitoring means 92 for each BSC 20 monitors substantially real time traffic
30 information for each cell 22 provided by the relevant BTSs 2 at regular time

intervals, say 15 seconds;

STEP 106:



In the equation for "P" given above, there i's no weighting factors given

for the function of free capacity in the current cell, "F (Co)". There
IS no reason a wei ghting factor, "W", should not also be used for the
current cell, and indeed this provides nove flexibility in the

al gorithm 25 The charging information could be quantlsed In tinme
to sinplify th&QI¥¥Rg i nformati on. For g;anple t he charf§&/GRITRAE ¢ of
the next 1 mnute. Al calls set up, say between 12:00 and 12:01 are

charged at fixed price. Then there may be a different price for calls
set up between 12: 02 and 12;03. | s ul I r0ss g cell . a .
cluster of cells o 5'?%51"8&89%?5 gglhff"s e\é\ﬁlM%él&t%hﬁ‘é’gﬁ%'ﬁrﬁ"rt’aﬁapﬂ%lvb&?a!at'WﬁbﬁrTf&'c
30 Switching Centintorinhiiss) for leacty egleclastee atdvideal Via tiutetbvhatvBSCs 20 ah asid eegutdre
banded, say lﬂntot%QQQ or 100 charge bands. There nay alternatively be
no upper limt SE®S8™as to allow for inflation. WO 97/ 37503
PCT/ GB97/ 00923 As descri bed above,
t he charge rate%ss.pérpijlp(?lsl y applicable to cost per unit time of single
channel calls. wever 'he network is likely to be able to provide
nul ti-channel connu traffic isfeuhation provided bviahethonitoringshedrs afrthenBSCs 20cand the
B rarooten: RS R YeRFrl B B8 Ronu i dobl o oBMF AL i copyl
managenent of connexstérnAd ofthe M§Cn%ﬁ mul ti pI e channel s is likely to incur

| ower efficiency, it may be reasonable to charge a prem um for such
connections. That is, reserving a nulti-channel connection and
estimating the 1QTp§'E$Pb}5traff| cis likely to be clunsier than carrying

out the same oper apdfandniitted HBFR: IWohhaﬁdrPigls?orG&"ﬁg AR cOriNe SiakiOdsta s?tﬂe 95 of
For multiple channel calls, it is possible that the nunber of channels my
the MSC 25 as a rate per time interval;

STEP 120:

15 The data processor 94 of the charge control system 91 of the MSC 25 takes
inputs from its assaociated current and historic traffic data stores 95, 96 and sorts
the data to assess where data pertaining to any cell is missing with regard to each
of its neighbours. Where necessary, the data processor 94 will trigger a request
for current and historic traffic data from a neighbouring MSC 25 to deal with cells

20 at the edge of clusters which themselves lie at the edge of the region the subject
MSC 25 has direct data for;

STEP 125:
The data processor 94 calculates a charge rate per cell 22, according to an
25 algorithm for assessing FBW such as described above, together with a cost

function, again such as described above;

STEP 130:
The charge setting means 93 outputs a charge rate for each cell 22 to two
30 locations, these being to the BSC 20 for any current user (that is, a user with their

mobile equipment switched on), and to the home and/or visitor location register

24, 26 for any current user;



change while the call is in progress. This change may be initiated by the
net wor k due to congestion or difficulty of handover, or it may be
initiated by the user wanting a change in provided bandwidth. It is
possi ble to record the total number of channel s used throughout the
duration of a call, and charge the user 1 5 accordingly. For user-initiated
bandw dt h chavgexs7sashere nmay be limtations, such as NAECTACBNNNY A
bandw dt h great enough actually to affect t A2 charge rate.

Dynami c charging could also be used in a packet-sw tched network where

t he user sends a varﬁg;g rate of information. Using Asynchronous Transfer
Mode (ATM) t® ogy, the cost to the user would be equivalent to the

cost of the 20 a%flfm Qﬁere&ﬁﬂﬂg"'tpé Bhargd tdi8 daRkRRs il ﬁf&ﬁ\%ﬂyﬁ'tt? %\4&{ @?ﬁem

required data rate and variability and ensures certaln quali
servi ce paranet 58" lcther: §1s} 2oandoqn: pPrippriate changiel. such gstvie as%mwayomoll n

mul tiple Channe'ch%hhél(‘o?tdné)ISdechﬁfdeﬁrhé'%lonm s ﬁé.ia%b'efﬁnneu fobmm: th "
relate to sonme nmultiple of the cost valu al't oug

woul d not be pos¥iefee ratg Wf"eHPc'P“tfﬁé ?"aP@V atsefprhen “Fﬁ@%?"eéébresﬁﬂmﬂwdsend

i nformation, thecdhAdétiinéhahhdiO! (Brhay Bptiraly 8186 b thotifiéd! fof Mstance vid & 3isPAGE
for a single channel, would still provide an indicator of relative cost to

t he user foRanehap tHeiF SapBMEPt. clo) f usR Whar hasnalireapy restablishegga connection

Dynam ¢ char gi ngcHaAhéithutlis@ilfotUFfedt tR chabde/filed bi BnyS 84IVIhGRSare¥d 8% cRpt Rder
uplink and downlin rates do not, K need to be the sane. An exanple of

k
this 30 could b@‘cﬁgﬁ?mﬁfﬁ%’%ﬂweﬁ%@‘w&ﬁ ﬁ‘erﬂ%‘f"f"é‘ YotfpYiER Perpis tandf
t he data 10t I sgpéddewith Shel@sen biefokehahiiaind S from t he base station to the

nobi |l e conputer. In dynam c charging, it would be possible to charge
for the total nunmber of channels used, regardl ess of whether they are
uplink or downli$KEP MQ@:er natively, the two WO 97/ 37503
17 The home a% oG]D’QJa/tlgr? E?‘ggglsters 24, 26 receiving the charge rate information
store the information.
15
The reason that a user who has already established a connection channel
does not suffer a change in charge rate, although the home and/or visiting location
registers store an updated charge rate, may be because the charge rate for a
connection is established at call set up, using the charge rate information stored at
20 the home and/or visiting location register at that time. That is, the call record is
given that charge rate information and is not subsequently updated.
If call charges are to be applied differently, for instance by deducting
MONDEX credit in real time, or the like, it may be necessary for the charge control
systemn 91 to put a positive bar on changing charge rate information at the home
25 and/or visiting location register for users where a connection is already in progress.
However, this is relatively easy for the MSC 26 to control since the MSC 25 will
have the relevant real time traffic data, as stored in its data store 95, such that it
can send only update data for current users without connections in progress.
Aliternatively, this could be done at BSC 20 fevel, or indeed at the home and/or
30 visitor location register itself.
Referring to Figures 11 and 12, together with Figures 2 and 9, the

equivalent flow chart to that above, but for the less centralised embodiment of the



directions could be charged at different rates, depending on the relative

nunmber of channel s. Price information can be supplied to
custoners by known neans, such as via Sinple Message Service (SM5) in
GSM or D channel in ISDN. 5 Installation Architecture The

arithmetic calculation of the price per unit tine, , Whic i

notified to t OBV customer, can be doneday any conveni eﬁ?%éﬂ?gﬁs
Nowadays however it will usually be enbodied in software and will sit in
relation 10 to the network at a point where it can receive information on
free capacity in the cel | . I
where a call atter'Pp')' e""on ?ho ne%nﬁé%r% @Z.Hgﬁ E'WEﬁe%r%@h%r%%E’tgﬂar‘F r\{gggtla@‘eg19 ot each
The dynam c prici B§Crapaswellles ot edrbdS€ @8 iseas abhwa: a cell be aware of the
traffic loading in its neighbouring cells. As nost cellular networks are
hierarchical 15 in their managenent structure, as is the structure shown
in Figure 2, it WSTEPYE00: better that the pricing application is
distributed through g, neh éé@&kgf%rt B&tn 88820 m n"i’togogu rﬁﬁaﬁ&e'frmqmé‘ﬁm
control l ed by |ower Teve es I's encountered ?1 uest for
information is padsfetnationafoni epebrcelic?2 |providad b\ésﬁb@rfs‘?b#’é $ g ftafegular time

area. 20 léle{vea[sn ygg cond§ network could be designed so that these
boundaries are ghe ard ‘geogr aphi cal boundaries or even that

di screet dynam c pricing enV| ronnents are | ocated through the network
in areas of high desgndos: Referring to Figures 2 and 9, in a
network with a management infrastructure_in which clusters of

bas
transcei ver stadi dvienitorms)means 32 feraepdMSE 2B ymanitpss; substantially, 'Eﬂn"l"'f‘%ltfaé?"

(BSC) 20, pricing IWoH]éﬁbntQ?eﬁét“&hl%lu&ﬂ“bﬂw%&'%%ebﬁam BSCsMENRCaA Rygulahe
BSC 20. This is therefore where a charge control system 91 for use in

enbodi nent s of thé"b?@%%’ﬁi“svl nvention might sit. At the boundaries of
clusters, the pricing process could be carried out by referring up to the
nobi | e switching centre (MSC) 25, or by |inkage 97 between the BSCs
20. Simlarly at E%IVSE *boundaries, |inkage 98 between MSCs 25 allows the

exchange of 15 im@frminﬁanﬁaﬂbh p’iSvnMdaW the mbmﬁrringenéan‘s(mfm B8Gs 20 and the
Once a charge rate een cal cul

transaction invol vMﬁg sZ c'aﬁ'iaﬂf'aﬁ%?f’& tge ﬁﬁ"ﬁ"tﬁré"f%) 9‘65 ‘f}gg gﬁ%’?:}ﬁ%%ﬂ&(}@?g{,,{e}m@
23 of known systems 91 of the MSC 25 and the neighbour BSCs 20 where their monitoring

means 92 monitor the relevant traffic;

20 STEP 1115:
The traffic information is stored in the current traffic data stores 95 for said MSC
25 and BSCs 20;

STEP 1120:
25 The charge control system 91 of the MSC 25 signals any neighbouring MSC 25 to
which the current traffic data will be relevant, and the neighbouring MSC 25 stores

it in the current traffic data store 95 of its charge control system 91;

STEP 1125:
30 The data processors 94 of the charge control systems 91 of the MSC 25 and the
BSCs 20 take inputs from their associated current and historic traffic data stores

95, 96. |f data for any cells is missing, because data for neighbouring cells is held
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PCT/ GB97/ 00923 type for logging in the appropriate call record.
Billing systens 23 in known cellul ar networks are usually interfaced at
the MSC | evel . . Referring to Figure 9, the lowest level in a
cellular network that usually has t he necessary traffic flow data to
provi de to awhiBg®3control system 91 is at t he base strairiGre7/0092 r Ol | er
20. This is a small switch with reasonabl e %Abrrputr ng power t hat
controls frequency allocation and handovers between base transceiver
stations 2 under, its control. It is the 8oint of control of the radio
interface and Y acwighbguring PSCu#1% MEC 2% 0then pibe ndatatprogessers 194 oo rthe

hi stori cal hand@,ssropdateessrmmor MSR 281 F Sorb 188 tHélF il lsestheb@s hged i nto the
price information. 10 QO her suitable points where the software

m ght sit, or at |east obtain the necessary information, mght of
cour se be di ffers—erP f1@0: di fferent networks, and for di fferent net wor k
operators or different e urg cg} nuf act urers. net wor ks
will generall bj-e'epijmr’ﬁf@ﬁe%ﬁf h ?E quiate 7, Gharge irAtS B%(pﬁ?ﬂ I2|2t y”cﬁ?“’tnﬂet%ém

| evel since it rasgdrmﬁrroarasséssrngmebm Rt dU3EHbeddBBSe] YiogdtHlat Mith a cost
Enbodi nents of 15 t{he present i escrrg i.on sinply exploit that existing

traffic nonitori'HEFUPRpAGAIN pyqh as ed above; Thg charge control system 91
itself conprises nonitoring means 92 for nmonitoring traffic in the
cells of its cl r 1rﬁ%.data processor 94 for generating a charge rate
on the basis of and historic traffic data, data stores 95, 96 for

hol di ng the aor r‘EhethrmL de'm*rganémstsaaéﬂhe BT 20 aurputch elidige pké Forigeiireain22 93

for 20 out putti hé char rat. rated b _data processor 94. The
charge rate rray e"%’B"S ?’8'}"3' ?cai 8n{ ?%Stﬁy%‘# or to the user(s) and to
a billing system 23, dependi ng on the chargr ng nechani smto be

appl i ed. P 1140(;harge control systens 91 may be connected at the
BSC | evel and at Eh
If there is already a call (connectron) in progress, then there is no change at the

15 home and/or visitor location register 24, 26 for the relevant user but otherwise the

charge rate is stored; and

STEP 1145:
The charge setting means 93 of each BSC 20 transmits the information to each
20 current user via their BTS 2 and an appropriate channel, such as via a common
control channel or via a dedicated time slot in their signalling channel for example.
The charge rate will be notified to any user who has not already established a
connection channel. (It may again optionailly also be notified, for instance via a
display panel on their equipment, to a user who has aiready established a
25 connection channel but it will not affect the charge rate of any call in progress
except under exceptional circumstances predetermined by the network or service

operator and agreed with the user beforehand).

The second system described above involves more duplication of

30 processing capacity but there is less transfer of data on the network and there will
be more resilience in the case that data is lost.

It may be preferred in the second system that the charge control system

91 for each MSC 25 only calculates a charge rate for cells at the edge of clusters



M5C | evel in the network, as shown, or '‘may reside at only the MSC | evel,
the 25 charge control systemresiding at the BSC |l evel for instance being
repl aced sinply by nonitoring neans 92. When a user in
a cell 22 wants to set up a connection in the nobile net wor k, he/she
puts their nobile tel ephone set in the off-hook condition. This sends
a signal, usingaemsesaon contr ol channel,t()%ﬂe base st ati oPCTGRITOANEr 20
30 for the relevant cell cluster. Normally, e base station controller 20
woul d t hen assign a vacant channel (for instance a frequency or a
time slot) fromthe BTS 2 to t he nobi |l e handset and subsequently

establ i sh an appr #fftichinetusn arfedt theredag aftibe area for tB%F?'e‘GéEM%?gonTh'-T Ayayid

i ncl udes the trigg&fucl Ihdfotd orétessihd € F tdgg duration of the
WD 97/ 37503 otdh pr&ebsihg iy Brov

PCT/ GB97/ 00923 knaan altefpative sysiem. Fh%lkféFeﬁsg‘gs‘iﬁBg‘é'dfd@ﬁ? I°§/"Vstleo’|'”8&"d%q at

the home or visit ghe le08ftREBSCs zorwe% ftérmiation 26 rleftjhbouHNGLBUE R midSifg fot a
billing the customer, enbodi ments of the present invention,

the signalling % n PAFiculap BSE R0 it can Eh'&'ﬁﬁ‘e‘l’"cﬁmsfﬂ""?%g‘&‘aﬁhfe "éféfm%ﬂ?“n‘ﬁvcw drom
trigger the deli veﬁyrdﬁvap{ha@mnﬁ@mWn to the 5 user. This price

I nformation is provided the ¢ control stem9

delivered to the user b¥ ‘ﬁﬁ'a‘ﬁ%’"@f & %@ﬁﬁﬁ‘h E B‘ﬁ?&‘hrf:‘éﬁ h'sérfoﬁﬁ?fé'ﬁtqa%
i's not then %ﬁv‘ceu@et&nbhe wmldhadghswdaatrﬂe)nmetdah ble ddnb BT udiSthe current
confirmed that the 0 ahead. ternative '

i nformation mghtt "ﬂa‘?tF\?B? EH’“FS'%] L oY tonficant pe"°H§fahé’, "B%g'?‘f?g[‘ﬁ‘gﬂ"ﬂéfaﬁic
assi gned by t heoBpattertOcan KSmdhitired 0e6r A Period, of six months, in a weekly cycle. If there
is a significant change over that pericd, then the historic traffic data being used

can be updated. This provides a learning mechanism for the system.
A time interval of fifteen seconds is mentioned above as the repetition rate
for monitoring current traffic data. This is not mandatory but is merely selected as
15 a time interval which gives the user a reasonable time in which to make a decision
over whether to establish a connection. In practice, it may be preferred to reduce
the time interval and update the user more frequently, or to increase the time
interval and so reduce processing load and network capacity used in transferring

data.

20 Data may be transmitted to users individually, rather than by a broadcast
mechanism, to reduce network traffic. This also allows the data to be tailored to

each user, e.g. providing customised information.
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10 communication at this stage can be made by any conveni ent neans which

t he control or assigned channel can carry and may for instance be
conpatible with a rel evant control signal format, or be by Sinple
Message Service or by the D channel in | SDN. The base

station controller alerts the charge control system 91 when it 15
receives thewo¥n3r$88 contact via a control %gannel f r om t h@CF4R97/00¥2%c

charge contr ol system 91 runs an appliTation at the data processor 94
to determine the current charge rate for the cell 22 where the user is
| ocated. The application applies the selected algorithnms) to calculate
the FBW (as descri bed above) and applies a sel ected cost function to

arrive at a price for the user. The data ghgmd gorithm and 20 cost
function are applied to is taken fromtwo |ocations in the data store 95,
96. One of these stores current traffic data and the other stores

historic traffici.dataaf ekarge conﬁr&esv:seérh fomlﬂh&l'h i éénluﬁst&mm&ﬁm&ﬁém&k a
ti me dependent factor such a he charge control system

91 will also PhdP é‘fsé't"@“ﬁ’%q‘df‘?’é'“t \°ﬁﬂ ?W%snﬂf.'a?fi'ﬁ'#e in fesaP'bSértq BUrERSS | 19cdl he

historic traffi qrfifd @aemg,rmgtsl,menﬂdﬁ‘ﬁrsagl y, it will obtain this 25
information froma centrali sed source i.n the network

di screpanci es ar'l si ngMoMtoring.means fo raenitor current t’%cab?afé'ég‘i‘_ﬂd}i‘ﬁﬁf‘ &ha nefpvacks

The charge contripl syatdaga &bremolétorammmuaﬁmca:awwtatwmmny\bf 68 nefigoriSC
20 sends to the yser. |f the user deci des tgdgo ahead at that [

h
char ge Contol & aTCHEEEE TPTEEraucs &Y SERATOn A SRPTals: § (5o Attt o
t he hone or WOsireated ;ﬂ{aamétenakpmmenea Isiannaaho&ﬂwefmmehhﬂaueedsadmgi"ieraeoédl S
captured in a field ff thg .conne

e r_th ti
subsequent use iHebPiiPeNS Vt"?lrg and éff’ HiStoric waffid Gita pe'%%s'nﬁép ﬁ’aﬁg"&h'a%ﬁ/ea"dt he
user may pay diriect |y charge sewingmmeaes afremgeidlie operblion to set shedratéhat wisieh ohffiche

'{/\8 |97; 'nggg fiel i(sj cﬁgrggg E\? 'illebr(i:"e%vioﬁ( iﬂ%gd%@gl a?g‘%i@%@{ 'thet Ja?e ge'? %E'QRe charge

PCT/ GB97/ 00923 setting means being controlled at least in part by said local traffic-related

15 parameter.

2. A system according to claim 1, wherein the charge setting means
comprises a data store, or access to a data store, in which is loaded an updatable
algorithm for applying to the local traffic-related parameter to generate the charge

20 rate set by the charge-setting means.

3. A system according to either preceding claim, wherein the network is at
least in part a mobile network and the historic traffic data comprises, at least in
part, handover data, relating to historic handover patterns between cells of the

25 network.

4, A system according to any one of the preceding claims wherein the
monitoring means is arranged in operation to monitor current local traffic loading in
respect of cell clusters, each cell cluster comprising a central cell together with the
30 neighbouring cells from which the central cell would receive handover, the
monitoring means, in operation, storing or outputting data sets, each data set

relating to the cells of one cell cluster,

S

g



control system 91 will output the unit:pricethen directly to the

appropriate char gi ng nmechani sm) As can be seen in Figure
9, information flow in respect of delivering pricing information as
described needs to be at |east partially two-way. There will 5 be

information delivered upwards by the base transmtter stations 2 concerning
traffic | oadi noeM™sAdbi [ ity information. Gegerally, informaPCHEBY¥Ad up
fromthe BSCs 20 to the MSCs 25 will be information relevant to the
network as a whole. I-nf or mati on passing downwards will generally be
char gi ng i nformatjon f% t he user.. § Therg. alr?zao n&edﬁ to be sone
i nformation transhi ssi ﬁﬁ%ﬁ°’81"@r’r§ﬁ[‘§°%° e Areredind GRIme, Jarther ForpLising
network. This wi | meaeCty odtput the sit@Bechbyinerchaigh aettihgmedads to userleqaiptredt i N a
cell at the edge of a cluster. Data for nore than one cluster will then

be necessary bef oF2"EcteiIP3he RYMOrKy| system has sufficient information on

whi ch to base a charge calculation. BSCs 20 and/or MSCs 25 will then
themsel ves. 155 & KEiERmarkReiage SPhent AL UR A et Aa I e oee ey

non-real tine serwuéwesk is provided-with an Brawebadsedvmiahggenaint infrasireptren yomprising
mai ntai ned at a fixed. .rate, L8er Y| a tly
when non-real ti a‘e‘seesrt?/?%necsongl}ro Ieler ?lc\%gﬁgﬂé% %Pdtol‘"'l?r;bs eg‘ﬁ'g? d Is %%?‘%\(é&%%cee in
period of | ow denmoditoning theansdieingricovdedinethemen swatiomventraiers. cel | s
with free capacity. 20 A system such as MONDEX coul d be used to
col l ect paynent. Therefore no bills would have to be produced. Billing
i nformati on col®d7be cohlIsgsteachcgordirigeto any oneohttedrecedinasiaimea.i flurtbest commdising
in the network. by t-dyRtehDat feBOIGH Rfdrvald, laha FdHE es
2 and 9, a flow chart: ts"’elt‘pdate trBeJhg{gre rQﬂ SEP Fg H?E e?at |80n 'ofgné system
according to a "cécnmmtme@-ngéermemtﬂ anwe pea bﬂ'ﬂ’Q %YF@SbetaﬂVrﬁf@fﬂePUH in
whi ch the full chapgRcRoR birbldy SbitRedln e metr&twaﬂkxbe?are #LerSHF one of sailievel in
the network, is as follows: STEP 1 Moni toring nmeans 92 for
each- BSC 20 noni t dnervalgbst antial ly real ti rre traffic 30 information for
each cell 22 pggvided by the relevant BTSs 2 at regular tine
intervals, say 15 seconds;
8. A system according to claim 7 wherein the means to maintain a single
charge rate comprises means for setting a charge rate field in a call record for the

chargeable connection, which means is triggered by connection set-up.

20 9. A system according to any one of the preceding claims, wherein the
monitoring means has an output to the data store for historic traffic data and the
historic traffic data is periodically refreshed such that the system has a learning, or

adaptive, capacity.
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STEP 105: WO 97/ 37503 o : 21

PCT/ GB97/ 00923 Moni toring nmeans 92 for each MSC 25 nonitors
substantially real tine traffic i nformation for each cell cluster,
provi ded via the relevant BSCs 20 at said regul ar time intervals; 5
STEP 110: The traffic information provided by the nonitori ng 1Eans of
the BSCs 20 anWOt9#a7so3 MSCs 25 is transnitted to the currehtVEPH2 dat a
store 95 of the charge control systenh/é@ of the MSC 25; 10 STEP
115: The transmitted traffic information is stored by the current
traffic data store 95 of the MSC 25 as a rate ger ti I nterval ;
STEP 120: 15 The data processor he charge n system 91 of
the MsSC 25 takes i nputs fromit 3oci ated curr and historic
traffic data stores 95, 96 and si|= t he datg t ess where data
pertaining to any cell is s gwth r regard to &a of its
nei ghbours. \Were necessary, data processor rigger a request
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for current and historic traffic data frrom a nei ghbouring MSC 25 to deal

wth cells 20 at the edge of clusters which thenselves lie at the edge of
M5C 25 has direct data for;
The data processor 94 cal cul ates a charge rate per cell

the regi on the subject

cost f unctwomsrsgai n such as descri bed above;
The charge setting neans 93 outputs a char@9ate for

30 locations, these being to the BSC 20 for

user with their

visitor |ocation register

97/ 37503
PCT/ GB97/ 00923

STEP 1

transmts the informatice
appropri ate channel,

dedi cated tinme sl ot

3

aSIVI

rate will be notified tozanyl

connecti on channel .

di spl ay

)

Fig.2.

22

nobi | e equi pnment swi tched on),

STEP 125:

22, according to an
25 algorithmfor assessing FBW such as described above,

together with a
STBRTIGEY7/00923
each cell 22 to two

any current user (that is, a

and to the hone and/or
24, 26 for any current
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panel on their equipnent, to a user who has already established a

connecti on channel but it will not affect the charge rate of any cal

i n progress except under exceptional circunstances predeterm ned by
the network or service operator and 10 agreed with the user beforehand);
and STEP 140: The hone and/or | ocation registers 24, 26

recei ving the woangmsoes ate i nformation store the infor maPCHEBI?09923

The reason that a user who has al ready estaﬁbﬁghed a connection channel
does not suffer a change in charge rate, although the home and/or visiting

| ocati on regi sters store an updated charge rate, nmay be because the
charge rate for a conneglion s estaplished at call set up, using the
charge rate information stor §al 0 thelhonme and/or visiting |ocation

I cord is gi ven that charge
ipdat ed. I f call

register at that tinme. That is, the cal

rate information and i s not subsequently
charges are to be applieg,differently,
MONDEX credit in real tj ﬂ
control ~  system 91 Y4
information at the honme 2%

where a connection is al i 49 >, or thi€ igTelatively

real tinme traffic data, g
can send only update dag

progr ess. i ndeed
PROBABILITIES OF
MOVING FROM
NEIGHBOURING
CELL TO CENTRAL
CELL
| NUMBER OF CALLS IN
UPROGRESS IN EACH CELL
Fig.4.
40~ 4 42 43
6 3.82 2 4.18
CHANNELS CHANNELS | CHAN. | CHANNELS
SPACE FOR  FOR FREE
CALLS IN PROGRESS [\\DOVERS INCOMINGS BANDWIDTH
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WD 97/ 37503 ‘ 23

PCT/ GB97/ 00923 i nvention shown in Figure 9 in which there is a
charge control system 91 at each BSC 20 as well as at each MSC 25, is
as above: STEP 1100: 5 Monitoring nmeans 92 for each BSC 20
nonitors substantially real time traffic information for each cell 22
provi ded by t hwoeaB®dhnt BTSs 2 at regular time i nt er vaPET/GBE/00923
seconds; STEP 1 105: 10 anitoriqqﬁ%sans 92 for each MSC 25
nonitors substantially real time traffic information for each cel
cluster, provided via the relevant BSCs 20 at said regul ar time

i nterval s; STEP 1110: 15 The traffic information provided by the
nonitoring neans of the BSCs 20 and the MSCs 25 is transmitted to the
current traffic data stores 95 of the charge control systens 91 of
the MSC 25 and the nei ghbour BSCs 20 mhgfggtﬁiir noni t ori ng means 92
moni tor the relevant traffic; 20 STE 11" 5: The traffic
information is stored in the current trafgbc data stores 95 for said MSC

25 and BSCs 20; STER ji@fim25 Thg chgruerae-kag)+eystem 91 of the
MSC 25 signal s any neighbouﬁ :‘i§i;5?‘~» (ﬁ Eﬁ)

4

COST

3
2

25 5 75 10 125 15
FREE BANDWIDTH

Fig.6.

COST=k Exp[-a FBW }4+b
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N W B o

A 'y

25 5 75 10 125 15
FREE BANDWIDTH
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mhicﬁ the current traffic data will be relevant, and the nei ghbouring MSC

25 stores it inthe current traffic data store 95 of its charge
control system 91; STEP 1125: 30 The data processors 94 of the
charge control systenms 91 of the MSC 25 and the BSCs 20 take inputs

fromtheir associated current and historic traffic data stores
96. If data f oWOMIB7S8®| | s i s m ssing, because data for nei ghBGUFP?Vé”“a’éI I S

is held WD 97/ 37503 é{ 24
PCT/ GB97/ 00923 by a nei ghbouring BS @ or MSC 25, then the data

processors 94 poll the appropriate BSC 20 or MSC 25 to conplete their
data sets as needs be; STEP 1130: 5 The data processors 94 cal cul ate
a charge rate per cell 22, according to an al gorithm for assessing FBW
such as descri bed above, together with a cost function, again such as
descri bed above; STEP 1 135: 10 Thg.charge setting neans 93 of the
BSCs 20 output a charge rate for each celﬁ: 59, to the hone and/or
visitor |ocation register 24, 26; '

cosT=kxe XFBW

25 5 75 10 125 15
FREE BANDWIDTH

Fig.8.

COST=kx(1-FBWS)+d

55 5 75 10 125 15
FREE BANDWIDTH
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STEP 1140: If there is already a call (cennection) in progress, then
there is no change at the 15 hone and/or visitor |ocation register 24, 26
for the relevant user but otherw se the charge rate is stored; and
STEP 1145: The charge setting neans 93 of each BSC 20 transmits the
information to each 20 current user via their BTS 2 and an a_&ro&riate
channel , such WOB®A conmon control channel or via a BetFBHOMB:ti e
slot in their signalling channel for exanplg/ The charge rate will be
notified to any user who has not already established a connection
channel . (It may again optionally .also be notified, for instance via a

di spl ay panel on their equi pnent, to a user who has al ready established a
25 connection channel but it will not affect the charge rate of any call

i n progress except under exceptional circunstances predeterm ned by

t he network or service oper at or andf@mﬂ with the usegqbeforehand).
The second system descri bed above invol ves “duplication _(_)}] 30

processing capacity but there is | ess transfer of data on t1T-ﬁe(—we+k—«a-Hd—
there wll be nore resilience in the case that data isjljost.
It may be preferred in the second systemthat the charge coptrol system

91 for each MSC 25 only calculates a charge rate for cells h df;e of
clusters WD 97/ 37503 25
PCT/ GB97/ 00923

91\
BILLING
93
5
g4j - Y | 25
L % MSC |3 wmsc V
\\98
20
BSC BSC V¥
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which in turn are at the edge of the area for the relevant MSC 25. This
woul d reduce the total processing capacity provided. In an
alternative system the processing capacity need only be provided at

the | evel of the BSCs 20. Were information for neighbouring cells is
mssing for a 5 particular BSC 20, it can in nost circunstances get the

i nformati on di WO®#BIF0F r om t he rel evant nei ghbouri ng BSC PET/GB97/00923

It will clearly be inportant to be able to te the historic traffic data
since use patterns will change over tine. Thi$ can be done by using the
current traffic data and nonitoring it over significant periods. For

I nstance, the daily traffic 10 pattern nitored over a period of
six nmonths, in a weekly cycle. If there ﬁiﬁ 1gﬁs|gn|f|cant change over

that period, then tHOKi storic traffic data“bei ng used can be yp@ﬁted.
This provides a -eer—m—%—ﬁemw«a(—k-he—(y

interval of fiftpeBS&e an’Ngqaﬁtﬂ.&*&Hchve Wﬁﬁ fF?AIeFIC
for monitoring clir INEAGHGELL @& MATRHE i < ro]N @;‘%ﬁ erl_n

selected as 15 § BifBe2i iNEAGH WHMENSJERS:s [t he

which to make a flecSING THE MONIT r tlo est

practice, it may|be preferMEANS 92duce ﬂhe ate
the user nmore freQuentry, O tO Tmcrgase tme

¢ I It EI val oulu oJU

reduce processing | oad and network cgpacity used in ransferrl ng dat a.
20 Data may be transmtt-ﬁQA,&p, BAFA! , 11@t her than by
a broadcast mechanism to hi | so all ows the
data to be tailored to ' each user %\GS'I%/P l‘Cust pni sed

i nf or mati on. 25 :

TRAFFIC DATA STORED IN | J'°

THE CURRENT TRAFFIC
DATA STORE 95

| v 120
INPUT FROM CURRENT
TRAFFIC DATA STORE |——| CHARGE CONTROL SYSTEM

o 91 PROCESSES THE DATA,
COMBINING ADDITIONAL

HISTORIC TRAFFIC »| BSC's 20 WHERE NECESSARY
DATA STORE 96

v

CHARGE CONTROL SYSTEM
91 SETS CHARGE RATE FOR
EACH CELL/CLUSTER

v

CHARGE RATE SIGNALLED
TO EACH BSC 20 AND TO
HLR/VLR 24,26

v

BSC 20 INFORMS EACH
MOBILE USER OF CURRENT
RATE PER TIME STEP

PREVAILING CHARGE RATE
STORED IN VLR/HLR 24,26
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VO 97/ 37503 : :
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CLAI M5 1. A charge control system for use in a cellular

comuni cations network 5 infrastructure, wherein | ocal charges are

nodi fiable in response to current | ocal traffic | oading, the system

conpri si ng: WO 97/$7503 nonitoring means to nonitor current PEV& R®Bfic
| oadi ng i n the network; i) adataa e to store historic traffic
data related to cells of the network é data processi ng nmeans

arranged in operation to generate a local traffic- 10 related paraneter,
dependent at least in part on the current traffic loading in a | ocal
area of the network and the historic traffic data pertaining to that | ocal

area; and i V) charge setting neans arranged in operation to set the
rate at which traffic i's charged b)Fthe ejwork in said |local area
thereof, the rate set by the charge i inp.nmeans being controlled at

| east .in part by d local traffic-related 1 5 paraneter. A
1300 . ,1?05

syst em accor di ng MNaim1 arge setiing neans

conprises a datph B30r20 MONITORS TRAFFR!t Dt'@é& b eé ﬁ
updat abl e | 9QrEACH DELLARR] YIAOTHE t e 25 ‘t a

paranmeter to ge t (N EAGHO e §e ms.
3. A syste ?%E%%Gtr!g- mﬂ%gs&ge ng cI e@ Sﬁ& ﬁ'N@eTH is
at least | n part apRNsegperwor k' anfl f he MONITORING aMENN&I@?a
Con'pri ses, at | ot N narf ol r t 4 R +t A hictori ~
handover patterns between cells of {he 25 netvvorl{

1110
TRAFFIC DATA SENT TO

RELEVANT MSC's 25, BSC's
20

v

TRAFFIC DATA STORED IN | 1115
CURRENT TRAFFIC DATA |
STORES 95 FOR RELEVANT
MSC's 25, BSC's 20

v

MSC's 25 SEND CURRENT | 1120
TRAFFIC DATA TO L/
NEIGHBOURING MSC's 25

!

BSC's 20 AND MSC's 25 TAKE | 1125
INPUTS FROM CURRENT AND |~
HISTORIC TRAFFIC DATA
STORES 95,96 AND
COMPLETE DATA SETS BY
POLLING

v
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4. A system according to any one of the precedi ng clains wherein the
nenitoring nmeans is arranged in operation to nonitor current |local traffic

| oading in respect of cell clusters, each cell cluster conprising a
central cell together with the 30 neighbouring cells fromwhich the
central cell would receive handover, the nmoni toring neans, in
operation, st WO outputting data sets, each data set PCTIGRI7{00923 ng to
the cells of one cell cluster. vg/yl 37503

PCT/ GB97/ 00923 27 5.

A system according to any one of the preceding clains, further conprising
nmeans to output the rate set by the charge setting neans to user equi pnent
connected to the network. 5 6. A system according to any one of the
precedi ng cl ai ns, wherein the network is provided with an area-based
managenment infrastructure, conprising base station controllers for
control Il ing handover between cells of each cluster, the noni tori ng
nmeans bei ng provided by the base station controllers. 10 7. A system
according to any one of the preceding clains, further conprising

Fig.12.
'

1130
DATA PROCESSORS 94
CALCULATE A CHARGE RATE
__1135
CHARGE RATE SIGNALLED
TO HLR/VLR 24,26

v

IF CALL IN PROGRESS, NO | 1140

CHARGE AT HLR/VLR 2426 |7/

BUT OTHERWISE CHARGE
RATE STORED

!
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TRANSMITTED TO USERS
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(57) Abstract

In a charging system for cellular communications, real-time prices for new connections are offered to the customer. The real-time
prices take into account both prevailing and historic traffic pattemns, together with the probability that the customer will move from their
current cell into a neighbouring cell. Cells of the network are monitored in clusters. If a customer is located in one particular cell, the
price offered to that customer will take into account the probability of handover to a neighbouring cell during the connection, and ‘may also
take into account the probability of incoming traffic from netghbourmg cells during the connection. To enable this predictive pricing, the

system stores, and may also update, historic data.




