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5 This invention relates to -the operatio'n, monitoring and control of a
communications‘ system. It is of particular relevance to the operation of

telecommunications networks, but is not limited to such systems.
In this specification the term ‘'functional element'_is used to define an
element of a communications system which performs some function, e.g. 2

10 switching or monitoring function, to the system itself, ae distinct from an
'application process element’ which controls a number of "Functional elements” to
achieve a high level function, usually requiring concerted action from several
functional elements. This high-level function may be a network application such as
a handover process in a mobile radio system.

15 In a telecommunications network the functional elements of the system
are widely distributed. For example, switching functionality is required at nodes
throughout the system. However, in conventional telecommunications networks
application process control is concentrated, requiring a large signalling load to be
carried over the telecommunications network. Despite the distributed nature of the

20 system all elements of the network which interact must have compatibie signalling
formats. - This is a particular problem in a cellular radio network, where mobile
units made by a number of different manufacturers can turn up anywhere in the
system and have to interact consistently with whichever fixed part of the network
they happen to have established communication with. In such a network it is

25 difficult to arrange for enhancement or improvements, because of the need.for all
signalling formats to remain coi'npatible. Further problems arise in known
systems because of the need for measurements of network conditions e.g. link
performance to be made, and 'the results transmitted to a control centre, either
continuously or discontinuously d_epending on the nature of the measurements to |

30 .be made and the purpose for which they are required.. This places an additional
signalling overhead.on the network. Many measurements are often only required
in specific operating circumstances. It is therefore wasteful of signalling capacity

for all possible data to be transmitted when much of it is redundant. The limited
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A further limitation on capacity in tonventional systems is caused by

5 limited routing capabilities. Particularly in a case where a call requiring very high

bandwidth or data rate is required, there may be no single route avaflable through

the network allowing such capacity. This may be the case even if it is possible to

re-route calls in progress without interruption in order to provide greater capacity

on a particular fink. In these circumstances, a call requiring a higher bandwidth

10 would either fail or cause another lower priority call already in progress to falil,
although the system as a whole does have sufficient capacity. Existing
telecommunication systems normally permit single links from point to point only. If
the link is unreliable, error checking processes may be employed but these require
additional data in order to perform the error checking. It is known for mobile units

15 to monitor more than one base station simultaneously, in order to identify the one
wi_th the best quality signal. However, in a conventional switched network,
because the switching and control of the call are indivisible, the call is handied
over a single route only.

Another example of concentration of control is the provision of

20 “conference" facilities in a telecommunications network. In conference bridging,
the bridging is set up under the control of a user who sets up a request for bridging
to allow more than two users to communicate together simultaneously. This
requires an existing link to be bridged to a new one to allow the third caller to
communicate with the other two.

25 In prior art systems, such as that shown in figure 10, bridging is only
possible in major switching centres 40 and these bridges are of fixed capacity.
Figure 10 shows three terminal units 38a, 38b, 38c arranged to form a
'conferencé call' with each other. Units 38a, 38b are both connected to node 37
but this has no bridging capability. Node 37 and unit 38c are both connected to

30 major switch 40 which has a bridging capability. This means that although units
38a, 38b are both in communication with user 38c through the same node 37 and
require a bridge to be made between them, each unit 38a, 38b must be provided

with its own bearer 39a, 39b all the way to tne mobile switching centre 40. If the
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signalling formats to remain conpati bl e. Further problens arise in known

32 where a bndge is to take place, control processes ensure that each message

a,b,c coming into the switching centre 32 is passed from one caller A, B or C on to

5 all other callers. |

According to a first aspect of the invention there is provided a method of

operating or controlling a communications system having functional elements and

application process elements each controlling a plurality of the functional elements,

the method comprising the transmission of commands by the application process

10 elements to an interface element the commands transmitted by the application

process elements being ihdependent of the type or configuration of the functional

elements, and the conversion of said commands to commands suitable for
controlling the functional elements.

According to a second aspect of the invention there is provided a

15 communications system comprising a plurality of functional elements and one or

more application process elements for controlling or controlled by the functional

elements, characterised in that there is provided an intermediate processor element

to interface between one application process element and a pilurality of functional

elements, the application process element or elements being configured to

20 generate commands in a form which is not specific to the configuration or types of

functional elements, and the intermediate processor element being configured to

execute ' the commands generated by the application process element by

transmitting commands to the functional elements. _

According to a third aspect of the invention there is provided an

25 intermediate processing unit for a communications system for controlling a number

of functional elements of the system under the control of or controlled by one or

more application process elements of the system comprising an external interface

module for receiving commands from an application process element in a form not

specific to the configuration or type of the functional elements, an instruct and

30 receive module for executing the commands so received and transmitting them to

the functional elements required to execute the command, and a processor module

for processing data passing between the functional elements and the application

process element.
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for switching purposes, to be available at many more locations in the network than
the main applicatio'n elements.

5 In a preferred method 'according to the first as.pect of the invention the
monitoring and control processes required are operated by functional units located
at suitable points throughout the system. The points at which these units are
located depend on the particular function they are required to perform. For
instance, in a cellular radio network, the measurement of signal quality takes place

10 at the individual base stations, but handovers and multi-casting require routing at
switching points. Each of these functional units is configured to suit the
circumstances of the individual location of the unit. For instance a bridging
element is configured according to the number of possible links available at the
switching centre concerned.

15 ) Dedicated signalling links between the intermediate processing units
and the functional elements distributed around the network may be provided.
Whére the system being controlled is a telecommunications network, the signalling
may be carried over the traffic bearer links of the network. The intermediate
processing elements need not be located at a node of the bearer network. Using

20 the telecommunications network example, they can be located at any point in the
network, -and for different functions méy be located at different points.

' Embodiments of the invention will now be described, by way of
example and with reference to the accompanying drawings, wherein:
Figure 1 is a functioﬁal representation of a system according to a

25 first embodiment of the invention;

Figure 2 is a schematic diagram of a network architecture
incorporating the functionality of the system of Figure 1;

Figure 3 shows schematically a mobile radio network in accordance
with a second embodiment of the invention;

30 Figure 4 shows the ne_twork of Figure 3 in functional terms;

Figure 5 is a topological diagram of a network according to a third
embodiment of the invention.

Figure 6 shows the network of figure 5 in functional terms;
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Figure 7 shows schematically a mobile radio network embodying the
topology of Figure 5 and the functional aspects of figure 6;

Figuré 8 shows in functional terms a system according to a fourth
embodiment.of the. invention; .

5 Figure 9 shows schematically a mobile radio network in accordance
with the embodiment of figure 8;
Figure 10 shows a prior art cellular radio network having bridging
- capability only in the main switching centre;

Figure 11 shows schematically the topology of connections required

10 in a prior art three-way conference bridge, as described with reference to figure
10; ,

Figures 12, 13, 14 are flow charts illustrating the data flows taking
place within the embodiment of Figures 3 and 4, in relation to a handover control
process;

15 : Figures 15, 16, 17, illustrate three possible changeovers in a
diversity control system' which may be controlled by the embodiment of figures 6
and 7; and

Figures 18, 19 and 20 are flow charts illustrating the data flows
taking place within the embodiment of Figures 6 and 7 to control the system of

20 Figures 15, 16 and 17. _

Referring to the drawings, in the first embodiment of the invention, a
communications system, shown in Figure 1 in functional terms, comprises &
telecommunications network incorporating an intermediate processor function A
interconnecting functional elements in the form of network operating functions

25 (NOFs) B, with an application process element C. The intermediate processor

. function A has three functional modules: an external interface module 51,
processing module 52, and instruct and receive module 53. |

In operation, intermediate processor function A relays data between
NOFs B and application C in both directions. The application C may be a network

30 service or service element and the data may be, for. example, control messages
going from application C to NOFs B, or measurement or status data going from

NOFs B to application C.
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interfaces with thé application C. These two modules 51, 53 are linked by the
5 processing module 52 which, for example, translates (a) instructions from the
application C into the individual instructions for NOF B, and/or (b) data received
from the NOF B into a data format suitable for the application platform C.
Although figure 1 has been illustrated for é single application C for
simplicity, there may be a plurality of applications interconnected with respective
10 or common NOFs by respective or common processing units, as will be seen from
the following description of various other embodiments of the invention.

In intermediate processing unit A, the external interface module 51
provides a common interface to application platform C; This intérface offers the
“application platform C a set of available commands that processing module 52 can

15 perf_orm independent of the interface to the network operating functions B.

The processing module 52 performs the conversion of application
im:ormation data into information specific to the individual NOFs, and/or performs
the conversion of NOF information into a form suitable for the application platform
C.

20 The instruct and receive (IR) module 53 communicates with the
NOFs B, and may have different interfaces to different NOF units in the network.
The IR rﬁodule 53 converts between primitives used by the processing module 52
and information message formats used by NOFs B.

Instead of, or in addition to, the conversion or translation described,
25 the processing module 52 may also perform additional processing specified by
application platform C. The NOFs B may take the form of functionality
. associated with the network, e.g. embedded software, or they may be discrete

elements, units or modules e.g. monitoring elements or network control functions.

Similarly, the applications platform C may be a function or

30 functionality embedded in the hetwork. e.g. in a service control point or it may be
embodied in a stand-alone application platform.
: Figure 2 illustrates how the generalised system of Figure 1 may be

mapped to a Network Architecture. In functional terms elements A1, A2 represent
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element where Service Control is separated from the switching network and
signalling is carried over separate links (63, 64, 65). Functionality scripted with a

"2" (e.g. A2, B2) represents elements where all functionality is incorporated in the

[4]]

switching network which carries the signalling information to provide logical links
(69, 70, 71). As can be seen from Figure 2 both the process control functionality
and the network operating functionality can be located at potentially any node in
the network. These nodes (72 to 78) may be for example service control points,
10 network management centres, switches etc. Important aspects to be noted are
that: _
(i} process control functionality is located in specific nodes (72, 78)
throughout the network.
(ii) secondly, process control functionality for a particular application
15 is fixed in a particular network node, e.g. process control A1 in node 72, but for
different applications or uses of the same (particularly if the base station are at
different sites), application can be located in different network nodes (e.g. process
control A2 in node 78).
(iii) the network operating functions B1, B2 are located at switching
20 network nodes 73 to 77 'and are activated by the process control functionality
where needed in a real-time dynamic manner. These functions are closely
associatéd with the bearer network.
(iv) a specific use of process control functionality A1 in a particular
network node can be to control a network operating function B1 at a network node
25 75 where there is also present another or the same network operating function B2
under the control of another process control functionality A2.
A second embodiment of the invention, shown in Figures 3 and 4, is
a communications system having means for collecting and processing data on the
quality of bearer links in the system. In this second embodiment the system is a
30 mobile radio telecommunications network. The collected data in this particular
example is to be used in the handover proce'ss of the mobile radio network.
Figure 3 shows a simplified diagram of the mobile radio network,

illustratively a cellular radio network, comprising a mobile unit 1 and three base
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base station 2b the bearer links 3b, 3d are actual links with the mobile unit 1
currently in operati.on and carrying traffic. The other two base stations 2a, 2c are
5 potential candidate base stations for taking handover of the mobile unit 1 from
base station 2b and respective. links 3a, 3c are not currently_ carrying traffic to
mobile unit 1.

The base stations 2a-2c are all connected to other parts of the
network through a base site controller 6 and mobile switching centre 7.

10 The individual base stations 2a, 2b, 2c may be co-located, for
instance to cover different sectors of a cell, and the base site controllér 6 may also
be co-located with them. The measuring equiprﬁent 4a, 4b, 4c, 4d in the various
base stations 2a, 2b, 2c and the mobile unit 1 need not be the same, (particularly
if the base stations are at different sites) so the raw data received from each

15 device may be different in form. In particular, modern mobile networks must be
capable of supporting mobile units built by a variety of manufacturers. Although
th-e methods of measurement may differ, the properties to be measured, such as
bit error rate (BER), C/l, received power level, or bit rate are similar for each unit.

The process control unit 5 is located in the base site

20 controller 6, and .is in communication with each of the measurement units 4a-4d.
The necessary signalling is carried over the bearer links 3a, 3b, 3¢, 3d, which also
carry thé telecommunications traffic for which the links have been set up. The
process control unit 5 instructs the measurement units 4a, 4b, 4c, 4d to take
measurements of link perforrﬁance e.g. BER, C/l, received power level or bit rate.

25 These units may collect data continuously, or may only do so in response to a
signal from the process controlier, 5.

It will be noted that data coliected by unit 4d at the mobile station 1
will travel by way of one of the base stations 2b. However, the base station 2b
does not process this data in any way but passes it on to process control unit 5

30 located in the base site controller 6. There is thus a direct logical link 8d between
measurement unit 4d and process control unit 5, as well as logical links 8a, 8b, 8c
between measurement units 4a, 4b, 4c and process control unit 5. The base

station 2b itself also sends data collected at the base station 2b by measurement
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unit 4b. The process control un_ft 5 is connected to an application function C! e.g.
a handover control function in mobile switching centre 7 or base site controller 6
to provide the application function with data.

The -measurement units 4a, 4b, 4c, 4d can be configured to make
different measurements according to instructions received from the processing unit
5. Such changes may be ma.de dynamically e.g. depending on prevailing
conditions, for example the type of signal e.g. voice or data being carried by the
bearer, or in response to prevailing conditions elsewhere in the network, e.g. time
of day/day of week.

The parameter to be measured (e.g. bit errbr ratio, C/l, RSS]) can be
selected dependant on the type of signal which is to be carried by the bearer (e.g.

analogue/digital, different bit rates, etc.).

As the measurement process control unit 5 is located in the base

site controiler 6, measurement collection control ié performed at as low a level in
the network as possible, whilst minimising the processing power in the base
stations 2a-2c themselves. By locating the process control unit 5 at a localised
level, the data can be compressed and selected at this level, thereby reducing the
amount of signalling from and to other parts of the network.

Furthermore where, for example, the base site .controller 6 includes
sufficient processing to identify which of the three base stations 2a-2¢ has the
strongest: signal from the mobile unit 1, only that fact need be passed to the
decision‘ making unit (typically located in the mobile switching centre 7}
determining whether a handover is to take place. Indeed, where handover is
between base stations handied by the same base site controller the mobile
switching centre 7 may not need to be involved at all.

The monitoring equipment 4a-4d performs the collection of bearer
link quality information in the network. This equipment need only have limited
functionality. Its function need only be to monitor a particular physical link and
report measurements to the measurement process control unit 5.

The operation of the system of Figure 3 will now be further
described with reference to Figure 4 which illustrates the system in functional
terms. In particular measurement functionality B’ corresponds to measuring

equipment 4a-4d, processor function Al corresponds to process controller 5, and
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Processor A' has three modules, as illustrated in F-igL:re 4: an
instruct and receive module 10, a processing module 11, and an external interface
module 12. Instruct and receive module 10 is in direct communication with the
measurement functionality B'. This module receives measurement data from the
measurement functionality B!, and is configured to recognise data streams as they
come in and convert them into a standard format. Conversely, it also receives
signals from the processing module 11 and converts them into instruction signals
recognisable by the individual measuring functionalities B'. The instruct and
receive module 10 has a functional element which is dedicated to a respective
measurement functionality to which it is connected, and which is configured to be
compatible with it. The functional elements of the instruct and receive module 10
required for each measurement functionality B’ may be co-located, e.g.. in
software. Different functional elements may be embodied in common hardware,
for i;lstance if each measurement unit 4a-4d is polied in turn by process controller
5 -using time division, the instruct and receive functionality embodied in the
process controller 5 has to translate in turn between the standard processing of
the processing module 11 and the format required by the measuring function B.
This requires the instruct and receive module 10 to be configured in each time slot
for the message format used by the individual measurement functionality B'. The
term "elément" must thus be understood to embrace any function or combination
of functions by which the instruct and receive module can be implemented, and
correspondingly the physical realisation of the elements, modules and units can be
by any means, with parts shared or not.

The processing module 11 handles control signals from the external
interface module 12 (to be discussed below), and also processes measurement
parameters received in a standardised format from the instruct and receive module
10. The processing module 11 controls, through instruct and receive module 10,
the measurement function B’, and also performs any.control actions required. In
response to a request for data from the application C' received via external
interface module 12, the processing module 11 sends an instruction to the instruct

and receive module 10 to collect data from the individual measurement function
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functional been received back at the instruct and receive module 10, and translated back into
the common processing format by that module, the ‘processing module 11
5 performs formamng and/or other processes such as for example an average over a
given time period or a mathematical function of one or more of the parameters
received from the m,easurem'ent functions B'. As a. par_ticuiar example, the
processor Al may compare the signal strengths measured by the measuré_ment
functionality B' associated with {three) candidate base stations (4a-4c) from which
10 data was requested, and return a signal to the handover application C’,_ via the
external interface 12, 'giving'the identity of the base atation 4b'_having the
strongest signal. In this example, the absolute values of the signals are not sent-
via the external interface module 12 to the application cl. _
The external interface 12 sends data signals to and from the
15 application C'. In "c_he case of handover determination this application C' is the
network control function responsible for handover. The function itself sends
signals via the external interface module 12, in a standard form, to instruct the
processing module 11 to send start, or stop signals, or a request for data to
measurement functions B'. The network control function C' also receives data
20 from the measurement funa'tions B’ by way of the process unit Al
The measurements may be made for a continuous penod or a single
mstantaneous measurement may be required. The instructions to be sent from the
application C' to the process control function A' will obviously differ in these two
cases. Similarly, if the result required is, for example, a time average, then the
25 process control module 11 provides processing and starage and the time averaged
result is transmitted to the measurement control application c’ periodically. In
these circumstances. the process control module 11 includes, functionally, a data
buffer to store the data while these time averages, trends, etc. are being
calculated. _
30 The network may include many different designs of switches and
mobile units, each with its own measurement functions and physical realisation.
The measurement control function Al provides a way of intelligently interfacing

these measurement systems with one network management measurement
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's provided apphcatlon ¢! so that handover decisions can be made. Where the physical |
realisation of the processmg functionality A' is located in the base stations 2a-2c

5 the quantity of data carried by the bearer links 3a-3c is reduced.

The measurement control function may be used for other purposes
than handover. For example, measurements may be required for fault monitoring,
statistical analysis for future traffic planning, billing, etc. The external interface 12
is configured to respond to signals from any such application platforms.

10 Different measurement functions B’ may be capable of making
different measurements. Such differences are handled by the instruct and receive
module 10 of the processing unit A' in order to provide a common data standard
for the use of the network application.

In one variation of this embodiment the individual measurement

15 func_tions B' have very limited functionality. They operate constantly, monitoring a
property of the system. On a request from the process control function A’ the
cu;rent value of the data is reported back to the process control function A'. The
decision as to which data is passed on to the application C' is taken by the
process control Al acting in response to instructions from the applications c.

20 Figure 12, 13 and 14 are flow charts illustrating the data flows taking
place within the system of Figures 3 and 4. In this example the high-level
applicatic')n (C') is a handover control.

Two message formats ‘are available to the external application c:
"Measure request” and "Measure response”
25 1} "Measure r ",
This message is passed from the handover control C' to the external interface 12
and has fields specifying:
- the parameter(s) to be measured {in this case the bit error ratio BER),
- the algorithm to be applied to measurements (either ALGA: provide an
30 average value of the parameter and the change in that value; or ALGB: provide

averaged value of the measured parameter when parameter drops below 50%

original value),
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This message passes from the external interface 12 to the handover control c' and
contains result parameters from the measurement algorithm in the processing block
in the form specified in the request message. The response message is sent at
intervals depending upon the contents of the request message.

10 Figure 12 illustrates the operation of the embodiment -of figures 3 and 4
for measurement reporting at regular intervals when the remote measurement
functionality only sends out measurements when requested. The process
" controller 5 must therefore respond to a single request from the handover control
c! for periodic data, by sending periodic requests for data to the measurement

15 functionality 4.

The control application C', in this case the handover control application,
sends a measurement request 101 asking for the Bit Error Rate (BER) to be
measured. Algorithm A is to be used, in which regular reports are to be sent from
the processing module 11 at time intervals of TIME between messages. The

20 processing module is informed about ‘what processes it has to perform by
primitives 102 from the external interface module 12. The processing module 11
then opérates the required algorithm, starts to gather measurement information
and when ready sends the preprocessed information 103a back to the external
interface 12 which in turn sends information 104a to the requesting control

25 application C'. When the processing module 11 requires information from
measurement functionality 4 it issues a REPORT primitive 105, 105a containing
information about what is required to be measured, to the instruct and receive
module 10. The instruct and receive module 10, then sends a report request
message 106 in a format that will be recognised by the remote measurement

30 functi;:mality 4. In this case the format will be very simple as the measurement
functionality 4 is assumed to be only 'on’ or 'off', measuring only BER and then
returning it immediately in a Report response message 107. On receipt of this
message by the instruct and receive module 10, the module issues a RESP

[
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primitive 108 to the processing module 11 carrying the measured parameter in a
standard format. The processing module 11 issues further report request
primitives 105a etc. which are responded to in a similar manner {(106a, 107a,

108a). The processing module 11 then performs Algorithm A on the data and after

time TIME has elapsed sends a Measureresp primitive 103a to the external

interface module 12. The external interface module 12 returns the resuits of the
measurement process to the application ¢! {Handover Control in this case) in a
standard format (in this case BER and the change in BER (CBER)). The processing
module 11 continues performing the measurement process 105b/c, 106b/c,
107b/c, 108b/c, 103b until instructed otherwise by receipt of a primitive 110
relating to a blank Measure request 109 received by the external interface module
12.

Figure 13 illustrates the operation of the embodiment of figures 3 and 4
for generating a measurement report only when the measured parameter changes
by 50%. This would be useful, for example to provide a trigger to initiate a

handover process. As in the first example the remote measurement functionality 4

only sends out measurements when requested. This illustrates how the same

measurement functionality 4 can be made to supply application process
functionality C' having different requirements.

The handover control application C' sends message 201 which asks for
the Received Signal Level (RXLEV) to be measured, and Algorithm B to be used.
Regular Ireports are not required to be sent from the processing module, as
indicated by the absence of the RR parameter.

The processing module 11 is informed about what processes it has to
perform by primitives 202 from the external Interface module 12. The processing
module 11 then operates the requi.red algorithm, starts to gather measurement
information and when ready sends the preprocessed information 203, 204 back to
the requesting control application. When the processing module 11 requires
information from measurement functionality 3 it issues REPORT primitives, 205,

205a, 205b, 205¢, containing information about what is required to be measured,

to the instruct and receive module 10. In response, the instruct and receive

module 10 then sends Report request messages 106, 106a, 106b, 106¢c in a

format that will be recognised by the remote measurement functionality 4. In this
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t he mai n application el enents. 5 In a preferred nethod accordlng to_
t'he first aspect of the invention the nonitoring and confrol . processes -
required are operated by functional units qualed at. §u|table points. = .
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to suit the returning it at a set interval in a Report response message 107, 107a, 107b, 107c.

On receipt of thes-e messages by the instruct and receive module 10, the module
5 issues RESP primitives 208, 208a, 208b, 208c, to the processing module carrying
the measured parameter in a standard format. The processing module 11 performs
the Algorithm B on the data and when the value of the measured parameter has
changed by more than 50% the processing module 11 sends a Measureresp
primitive 203 to the external interface module 12. The external interface module

10 12 returns the results of the measurement process 1o the calling application
{(Handover Control in this case) in a standard format (in this case RXLEV) 204.

It will be seen that handover controls C' having different measurement
requirements (Figures 5 and 6), can nevertheless interface with the same
measurement functionality 4. .

15 Figure 14 illustrates the operation of the embodiment of figures 3 and 4
for measurement reporting when the remote measurement functionality sends
measurements at regular intervals.

Comparison with Figure 12 will illustrate how different measurement
functionalities 4, 4a can be used to supply the same application process

20 functionality. _

As in the embodiment of Figure 12, the handover control application, c',
sends a.request 101 asking for the Bit Error Rate (BER) to be measured, using
Algorithm A, with regular reports to be sent from the processing module at time
intervals of TIME between messages. The processing module 11 is informed about

25. what processes it has to performs by primitives 102 from the external interface
module 12. The processing module 11 then operates the required algorithm A,
starts 10 gather measurement information and when ready sends the preprocessed
information back to the requesﬁng control application 103&, 104a, 103b, 104b.
When the processing module 11 requires information from the measurement

30 functionality 4a it issues a report primitive 305, containing information about what
is required to be measured, to the instruct and receive module 10. The instruct
and receive module 10 then sends a Report request message 306 in a format fhat

will be recognised by the remote measurement functionality 4a. In this case the
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between this example and that in Figure 12 and serves to illustrate that different
rheasurement functionality 4, 4a can be used to perform a task using the same
measurement request 101 from handover control C' and returning the data in the
samje format 104a, 104b). On receipt of the messages 307 by the instruct and
receive module 4a, the module issues a RESP primitive 308 to the processing
module 11 carrying the measured parameter in a standard format. The processing
module performs the Algorithm A on the data and after time TIME has elapsed
sends a Measureresp primitive 103a, 103b to the external interface module 12.
The external interface module.12 returns the results of the measurement process
to the Handover Control C' in a standard format (in this case BER and the change
in BER (CBER 1042, 104b)). The processing module 11 continues performing the
me§surement process until instru-cted otherwise by receipt of a primitive 110
relating to a blank Measure reques't 109 received by the external interface module
Ca as for the arrangement of Figure 12. The processing module 11 will then issue
a Close primitive 311 that will be used by the instruct and receive module to
generate a measurement functionality specific close message 312 instructing the
module to terminate the module's measurement collection process.

A third embodiment of this invention is a communications system
having a.multicasting and/or combining function. As shown topologically in figure
5, nodes 22a-22g are distributed throughout a network 20. An incoming signal to
a network node e.g.. 22e can be forwarded to more than one further node 22b,
22c (i.e. multicasting) or conversely two incoming signals having arrived at the
same point 22e by different routes (from 22b, 22c} can be combined together for
onward transmission. In a mobile radio system the air interface may form one or
more of the bearer links so that a mobile unit, {e.g. 22a) can be linked with more
than one base station (22b, 22¢c, 22d)} simultaneously. Thé combining and splitting
functions need not take place at the air interface, e.g. nodes 22e, 22g.

By arranging for signals to travel by more than one route problems
which may be caused by faults in the network can be overcome. For example, if a

signal is received over a single link e.g.. that between nodes 22b and 22e, which

This Sheet Has Been Re ﬂ

(i



20 “the ‘tel ecomuni.cati ons network exanple, they can be |ocated at any
poi ht7in* the network, and for different funct|ons may, be |ocated at

di fferent points. Enbodi nents of the inventiop W ll: naw be destri bed, ~by‘ -=-
way of exanple and with reference to the addoppanyiing draw dgs: wherer n: i s

Figure 1 is a functional

represent ation of a systemtarcordiny to a 25 first '

o onr Dot ol fteRBbled Biack <245 Sy, of feifhc® WRBHREL «fio BaBOIUBreadd of nBE!ART

ar chi tect ur eM3YcBt BB’r

10

15

20

25

30

| oha e sys em
is there any way of correctrng it even if it is known to be incorrect, other than by

using error correction protocols requirihg extra bits in the bit stream. By also
receiving signals from a second link between nodes 22c and 22e, the signals can
be compared, and if they are identical there will thus be greater certainty that the
data stream has not .been corrupted. If they are different then error correction
processing can request a repeat of that part of the bit stream.

Weighting factors can be introduced if it is known that one link is
more reliable than another. Other possibilities occur with a greater number of
paths. For example, with three p_aths should a binary digit in one of the bit
streams differ from the corresponding digit in each of the other two then it can be
assumed that the two identical streams are correct and the third one is wrong.

The functionality described below allows both diversity over the air

interface, where a mobile unit {e.g. 22a) may be in contact with more than one

base station (22b, 22c, 22d) simultaneously, and also diversity across the

network, allowing routing over a plurality of (paraliel) bearer paths. Another

advantage of such diversity is that should there be_insufﬁcient capacity for the '

reqﬁired signal to be sent over any single bearer, it is possible to use several paths
each of lower capacity and each handling part of the data stream.

At each node there is a multicasting and/or combining unit. These
are control!ed by a process unit described below. ‘This allows greater diversity

within the system as multicasting is available throughout the network instead of

only at predetermined control points as is possible with existing arrangements.

Figure 7 shows a physical realisation of this embodiment in a mobile
radio network. The multicasting/ combining function is_carried out using units of
three types. Within each base station 22b, 22c, base site controller 22e, and at
the centrar mobile switching centre 22g, is a combiner and muiticasting unit 21a,
b, ¢ which has the capability, on receiving instructions from the processing unit
24 in the mobile switching centre 22g, to set up any bearer links that are required.
Since these units 21a, 21b, 21c are integral parts of the base stations, their mode
of operation, and the data handling formats involved, will vary from unit to unit.
Instructions to them may be sent over the bearer network itself, or may be sent

over dedicated links direct from the proceésing unit 24.
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The multicasting units 21a, b, ¢ each take one logical incoming
channel and distribute the signal to one or more logical channels in real time. In
order to perform muiticasting the unit must have information about the incoming
logical channel which is to be distributed and to which logical channels it should be
distributed. The combiner unit performs the converse. It combines several logical

channels onto one logical channel. This combination may take the form of

' selective combination, in which the signals from the incoming logical channels are

compared and the transmitted result depends on the respective qualities of the
signals.

The muiticasting/combining functional units do not need to be
located at the same point as the multicasting and combiner application process
unit 24, which can control muiticasting and combiner units 21a,b,c throughout a
large part of the network. If no one routing has sufficient capacity for the required
service, different parts of the traffic (e.g. alternate timeslots) can be sent over
different routes and combined at the destination.

) The operation of the system of Figure 7 will now be further
described with reference to Figure 6 which illustrates the system in functional
terms. In particular, combining and multicasting functionality g’ corresponds to
combiner/multicast units 21a-c, and processor function A" corresponds to process
controller 24, The processing func_ti_on A" itself is in three parts. Communicating
with the-combiner and multicasting functionality B" is an instruct-and-receive
module 25. This receives data from each multicasting functionality (21a, b, ¢) and
translates all such received data into a single processing data format that can be
handled by a processing module 26. Conversely instructions from the proces;ing
module 26 are handled by the instruct-and-receive module 25 and converted into
formats which can be handled by the individual combiner and multicasting units
21a,b,c. _

The instruct and receive module 25 is a function operating in
accordance with the combiner and muiticasting function B'"" with which it
communicates. A separate element of the unit 25 handles the format specific to
each muiticasting function 21a,b,c. These elements may be time slots in the
operating sequence or data st_reams carrying addresses associated with the

individual units. The signals sent from the combiner and multicasting unit 8" to

-

q

il



5 F_i"gurei 7 shows schematically a nobile radi o network enbodying the

t opol ogy of Figure 5 and the functional aspects of f inggge 6, -Figure 8 shrows-*-
in functional terms a systemaccording togJourth € Ji ryerilt z)f_t-he_ L
i nvention; 5 Figure 9 shows schefmati cal ly, a8 moBi | & radio - -

network in accordance with the enbodi nent ‘of figure 8"

10

15

20

25

30

the processing unit A" include confirmation that instructions sent to the units B
have been successfully carried out, or error messages to indicate that the
instruction has failed for some reason. Such a message might be that the unit
21a,b,c correspon&ing with the function B'' has all its connections in use and no
further connections can be made. An associated application C"' sends
instructions to the process control unit Al requiring the addition of a new path, or
the release of a path which is no longer required, for example because the call has
terminated or because a handover has taken place. Process control unit Al
performs this operation through the appropriate combiner/multicaster units B'', and
returns a response to application ch indicating that the requests have been
performed successfully. Error messages are transmitted if this is not the case.

The commands and responses sent between the application c'' and

the external interface module 28 are the same regardless of which bearer link {and

thus which combiner muiticasting units B'") is concerned. The processing unit Al
handles any conversions of data format required. This means that the application
c'' can send signals to the procesé controller A'' which are identical in all
respects except for the identity of the beafer link to be set up or deleted. It is to
be noted. that to set up a bearer link it is necessary to use functionality at the
nodes at each end of that link. Therefore the processing unit A will normally
respond to any instruction from the application platform c'? by sending
instructions to two combining and multicasting functions B'! corresponding to the
nodes 2‘ia, 21b, 21¢ required. The selection of these functions can be carried ocut
in the processing unit A"l or by the application c'. '

The functions of processing unit A' may include the determination
of appropriate timing delays in order that the signals arriving by diiferent routes are
properly synchronised. Since the bearer links may be of different length, and
partiCuIarly if the links involve passing through different numbers of nodes on each
of the two routes, each of which may involve coding delays, then it is unlikely that
the two signals would arrive in synchronisation unless special arrangements are
made to achieve this. |

The application c" may require changes to the links arranged in

éombiner/’multicasting units B'! in response to changes in demand to the system,

in order to maximise the utilisation of the capacity of the network.
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In a mdbile radio system, the numbeér of bearer links required to
support a mobile unit may vary as the signal quality changes in response to
movement of the mobile unit. ,

The mobility application function C'’ cohsequently instructs process
control unit A'' 1o change the number of bearer paths, usually in response to a
detection of a decline in quality of the existing interface link. The mobility
application platform ch may therefore instruct the process control unit A'! to add
a second bearer link taking an alternative route in order to improve the reliability of
the link should the quality of the signal over the first link drop below a certain
tevel. However, the opportunities for multicasting and combining paths are
obviously greater when there is a small amount of traffic on the system.
Therefore, if the traffic level increases it may be necessary for the mobility
multicasting function €' to reduce the number of paths used by a particular call in
order to allow the increased traffic to use the system. This means that for the
existing call there may be a drop in the quality of the link, but this is 'necessary in
orc:ler to handie all the traffic required at peak times. Conversely, if the amount of
traffic falls then more bearer links become free and can be re-allocated to increase
diversity for the remaining calls.

| Mutlticasting and combining, although the functions are
complementary, may exist as separate functions in one or more units not
necessarily even at the same location. For a call in which data is travelling in both
directions it is obviously necessary to have common network terminations, but it is
possible for the two directions of data flow to pass over quite different
combinations of bearers, so that the upstream and downstream paths or plurality
of paths are not coincident e.g. in Fig § up via nodes 22z, 22b, 22e, 22g; and
down via nodes 22g, 22f, 22d, 22a. However, in a more typical case, a
multicasting unit in the upstream direction corresponds tiopologically with a
combining unit in a downstream direction and vice versa.

A fourth embodiment, shown in figures 8 and 9, provides a
communication system with a bridging function. Figure 9 shows the arrangement
the physical realisation of this embodiment in a mobile radio network. In selected
switching nodes 32a of the network, and also in base stations 37a, 37b, there are

bridging units 31a,b,c which allow links to be set up between bearers. According
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Figures 15, 16, 17, illustrate three possi bl e changeovers
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be physically separate, bridging can be provided at points in the network where
there is no control intelligence.

According to this embodiment, by arranging for the intelligence and
the function controlled by the intelligence to by physically separate, bridging can
be brovided at points in the network where there is no control intelligence.

Figure 8 shows the functional relationships between the various
elements of the embodiment. .

In this figure, two applications C'"' make use of the bridging
functions. These applications both send instructions to set up bridging links to
processor unit A" which processes the instructions and passes them to the

111 111

appropriate bridging functions B'''. The processor unit A comprises three

. modules, an external interface 33 for handling 'incoming signals from applications

¢, and if necessary converting them to a common format, a processing module
35 for allocating the signals to the appropriate bridging units, and an instruct and
receive module 36 for formatting and transmitting the processed signals to the
bridging unit. _

An application ¢! 'which requifes the use of the bridging control
function can communicate with the external intérface module 33 of the processing

"1 Such applications may include handover or conference bridging. These

unit A
two applications are quite different in the way that they operate.

Handover 'happens automatically as a result of changes in signal
quality measured between a mobile unit and the base stations nearest to it. As the
quality declines from one base station and increases at the next base station a
decision is taken by the handover applicaticn platform that the mobile units
communication shouid be handed over from the first base station to the second. In
preparation for this a "bridge” is set up between the existing base station-to-
network link and the new base station-to-network link. Therefore when the
decision to handover is made there is then no delay in establishing the new link. In
this embodiment handover is treated as a discrete event. This is a simple case
and assumes that diversity, as described in the previous embodiment is not also

being used. However, the diversity of the previous embodiment could be
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teleconnunlcatlons net wor k |ncorporat|ng an internedi ate processor function

A interconnecting functional. elements in the formof network operating
functions 25 (NOFs) B, with an application process el.enent C. The ..

i nt eraredi ate processor function A has three functional. .godul gs: an extérnal
interface nodul e 51, processing nodul e 52, &%t instruct and receive nodule
53. In operation I nternmedi ate processor function A relrays data between

NOFs B and t both d Th I t
networ k30 - SERPREdom e BEH B DSDEn o BT Ay o BAnaRvay here

control nessaﬂ@ﬁals are received from more than one base station at a time but
different weightings are given to the signals depending on the quality of each
signal.

5 The functions B'*"’

must be capable of operation as part of different
network elements, and therefore have different formats for their operating
instructions.  Signals are sent to the individual functional units B''' giving
instructions to them as to the connections to be made. The bridging function g'"

7 to confirm that the instructions

send information back to the processing unit A
10 have been performed or have failed. These signals are converted into a standard
format within the instruct and receive module 36 of the processing unit A" The
external interface module 33 of the processing'unit A" may communicate with
more than one application c'" for example with a handover application and a
conference bridging application. These may themselves each have their own data
156 formats. Data in these formats is converted by the interface module 33 into a
common format for processing. The processing module 35 within the processing

m to set up

unit 34 converts the instructions from one of the applications C

bridges into instructions to be sent to the bridging function B'""". This process

includes the selection of which of the physical units 31a,b,c are to be used to set

20 up the individual bridge. Processing unit A

the bandwidth required in the bridge, and receives information back from the
bridging function B ' if for any reason a bridge cannot be set up as required.

Figure 9 shows a mobile radio network having a bridging process

control unit 34 located in a mobile switching centre 40 and bridging units 31a,

25 31b, 31c, which may be at any point at a lower functional level in the network

e.g. base site control units 32 or base stations 37. For handovers the use of a

bridging unit 31a in the base site control unit 32 allow a mobile to be connected 10

two base stations 37a, 37b simultaneously, faciiitating handover. This ensures

that no data is lost during the handover. Once the bridge is established in the base

30 site controller 32 and it is cbnfirmed both that the bridgé is in place and data is

being received from the mobile unit through the new base station 37b, the first

base’'station 37a can be released. Were such a bridging function not available, the

also sends instructions specifying
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going fromapplication Cto NOFs B, or neasurement or status data goi ng

from NOFs B to application C. 6 I nternedi ate processor function A
performs three functions. Instruct and receive nodul e-53- sends i'nstructtons
and data to, and receives data from the 44 TN L L
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first base station 37a would have to be released before it is certain that the new
base station 37b is effectively linked to the mobile unit. '

A difference between the simple conference bridging function and
multicasting is thai in multicasting all paths eventually reach the same destination

and the signal is combined, whilst in conference bridging the paths all end at

N

different places and the signals are carried in their entirety to each location.
However, the two functions may be combined with each bridged path itself being
split and combined. Moreover, both multicasting and bridging may be used in
providing "soft handover”. For the bridging functionality the mobile unit, as seen
10 from different base stations during handover, is considered to be two separate
terminations, but in terms of the multicasting functionality it is a combining and
multicasting node. _
in all of the described embodiments the basic functions, e.g.
controlling switching measurement and other functions required of the network are
15 built in at the place where the function is required. The operating parameters of
these functions are compatible with the equipment at that location, but are for this
reason different from the parameters of other functions. That is to say, because
the equipment controlled at different locations in the network is itself different, the
control functions are different. . Similarly, the applications e.g. services or service
20 elements which control such opera‘gions as handover; bridging, macro diversity,
etc. are not necessarily fully compatibie with each other or with the basic network
functioné. They may also be located at different places in the network. Process
control functions provide the necessary interface in order to allow the basic
network functions to be as simple as possible, (decision making being transferred
25 elsewhere in the networkl. The processing control unit includes an interface
module in order to convert the formats of the signalling data received from the
zbasic network functions into a common format which can' be handled by the
processing'module itseif. The processing module interprets the instructions from
the application and determines what instructions need to be sent to the basic
30 network functions. '
The operation of the invention will now be described with reference
to Figures 15 to 20. Figures 15, 16 and 17 illustrate three possible changeovers

‘which can be effected in a simple diversity control system.
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i ndi.vi dual network operating function elenents. External interface nodul e
51 int'erfaces with the application C. These two nodules 51, 53 are |inked
by the 5 processing nodul e 52 which, for exanple, translates (a)
instructions fromthe application Cinto the individual_instructions for
NOF B, and/or (b) data received fromthe NCGE4B into a data format suitable
for the application pIatforn1C Although figure 1 has- been iltustrated for

2ppl i cat i on. | nter conneEEHERH B TaBHcE? e P hacanflut Ak Yy deta flows
respective OltakiRg 1P O WS %élgyéiaht& FigSredid bnd iRaRBer! 160EBntrol the system of
figures 15,16, and 17. In this system bridging fuﬁctionality is used to provide the
extra connections r'equired for the muiticasting and combining functions.
5 In each of Figures 15, 16 and 17 the left hand part shows the initial
state and the right hand part the final, desired, state.

) In Figure 15 a connection between points A and B (leg Id1, leg id2)
is to be released, leaving a single connection (leg Id3, leg Id4) between those
poinfs. Conversely in Figure 16 a second connection leg Id3, leg Id4 is to be

10 added to an existing connection (leg lid1, leg lid2).

In Figure 17 a second connection leg Id 1 is added in parallel to an existing
bearer link leg Id2 between the same two nodes B, C thus adding a link to an
existing group.

Six message formats are available to external application c'.

15 i These messages set up "bridges™ between bearer links in order to allow
combining and multicasting to take place. Thus in this embodiment the combiner
an-d multicasting units 21a, 21b, 21c have bridging functionality. A bridge is
required if more than itwo nodes are interconnected: a simple point-to- point link
between two nodes uses only one bearer link and needs no bridging functionality.

20 The six message formats are:

1) : " Pr "

;Fhis message instructs the processing module .26 to form a new bridging
group. This message has parameters specifyi_ng ihe constituent legs that form the
bridging group and specifies the'incoming and outgoing legs. It also identifies the

25 tiype of bridging to be performed li.e. selective combining active path, etc.).

2) " Pr nse”.

This message returns a Group D (GRP id} which identifies the bridging
agroup and the status of the bridging group {i.e. active).
3) "Add-Leg request”.

30 This message instructs the processing module. 26 to control the addition of
an additional leg to an existing bridging group. This message has parameters
indicating the leg that should be add'ed to the bridging group (Leg ID} and two legs
to which the identified leg should be connected and the identity of the bridging

This Sheet Has Been Reﬂlaced
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the 'fol | ow ng descri ptlon of various other enbodiments of the invention. In
Enter Aedi ate processing unit A, the external interface nodule 51 provides a
common interface to application platform C. This i nterface offers_the :
application platform C a set of avail abl e cZmands t hat sprocessi ng nodul -e
52 can 15 performindependent of the interface to he-network operating -

appl i cat 1 on SKH RARF O ualpe PResersing PR o BREV BTG TB7 B Sk Koaee

NOFs, and/ or apanithR'ifPortRichOREaEdd Hat Péquifdrbridyisy.mation into a form
Sui tabl e for4the application pl atform

" dd Lea response”.
This response is a Status parameter indicating whether the procedure is
5 successful. | '
5) "Del ar "
This message instructs the processing module 26 to control the deletion of
a Ieg, identified by the leg ID, from the bridging group, identified by the GRP ID. If
the group consequently ceases to exist the group will be deleted.
10
6) r nse"”.
The 'response indicates whether the operation has been successful and
whether the bridging group still exists. |
Figure 18 shows the operation of the embodiment of figures 6 and 7
- 15 to delete a leg from a bridging group. As shown in Figure 15, the control
application requires the dropping of one of the two links between point A and B.
The control application Cc'', in this case the handover control
application, sends message 401 for the deletion of a leg or legs, Legid 1, from
bridging group GRPID (21a, 21c). The processing unit 26 is informed about what
20 procedure it has to perform, in this case the dele{ion of a leg from the bridging
group, by primitive 402 from the external interface module 28. The processing
module 26 then proceeds to delete the leg by contacting eachlof the remote
bridging units 21a, 2ic. in turn by messages 403a, 404a and 403b, 404b
respectively and deleting relevant legs from the remote bridging units. If one
25 active leg is deieted from a-path, in the example Legld 1 then the algorithm in the
processing module 26 will also delete any associated. legs that have become
unused, in the example Legld 2 (see Figure 15). When the processing module 26
requires to delete a leg from the bridge controlled by the remote bridge
functionality 21a, 21c it transmits to the instruct and receive module 25 a REL
30 primitive, 403a, containing information about the Legld to be deleted and a local
identifier uniquely identifying the bridge at the node. The instruct and receiver
module then sends a Release request message 404a, in a format that will be

recognised by the remote bridging functiohality. In this case the format will be
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C. 20 : The instruct and receive (IR nodule 53 comuni cat es
w’th the NOFs B, and may have different interfaces to different NOF units
in the network. The IR nodul e 53 converts bggween prinitives used by-the
processi ng nodul e 52 and informati on nmessage formats used by.NOFs B.
Instead of, or in addition to, the conversion or translation described, 25
t he processi mglativelyl simple inathal itee bridging functienality ifafssymedctossimgls gelete a dep

]E) ﬁngf Iplohg?;[ ![ rnonQ laa'rgrfiggremar% if the bridsg %hyrgéﬁiyﬁné?gné ?eléecotrmﬁg fil’? GAY %twe leg coming
out (i.e. there is only one bearer link remaining so the bridge is no longer required)
the bridge is deletéd. The response message 405a indicates whether the bridging

5 functionality is still active. On receipt of this message by the iﬁstruct and receive
module 25, the module issues a RES primitive 406a carrying the status to the
processing moduie 267 The processing module 26 then continues to delete any
other legs from bridges controlled by other bridging functionality (In the example
Combiner 21c) using messages 403b, 404b, 405b, 406b. When the processing

10 functionality 26 has completed deleting legs from bridges it returns a delresp
primitive 407 to the external interface module 28 indicating which legs have been
deleted (LeglD1, LeglD2) and the overall status (Stétus parameter) of the bridging
group. The external interface module issues a SetupGrP response 408 containing
the parameters includes in the delresp primitive. .

15 ) Figure 19 shows the operation of the embodiment of figures 6 and 7
to create a new bridging group. The control application, in this case the handover
co-ntrol application C11, asks for the setting up of a bridging group between points
A and B (Figure 16) consisting of the identified legs (LegIDIN,LegID1, LeglD2,
LeglD3, LegiD4, LEGIDOUT).This is transmitted in a request message 501.

20 The processing module 26 is informed about what procedure it has
perform, in this case the creation of a bridging group from a collection of legs, by a
primitive 502 from the external interface module 28. The processing module 26
then proceeds to create bridges, controlled by bridging functionality, 21a, 21b, 21c
at nodes where the processing module 26 calculates bridging needs to created.

25 When the processing module 26 requires to set up a bridge using the remote
bridge functionality 21a, 21b, 21c from a group of legs it issues to the Instruct-
and-Receive module 23 an ADD primitive 503 containing information about the
Leglds required to forrﬁ the remorte bridge. at a node, to the instruct and re.ceive
module 25. The instruct and réceive module 25 then sends a Setup request

30 message 504a in a format that will be recognised by the remote bridging
functionality 21a. In this case the format will be again relatively simple in that the
bridging functionality 21b is assumed to simply create a bridge. The format

specifies the legs that are to form a bridge and the type of bridge required. The
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associated with the network, e.g. enbedded software, or they may be

‘di screte elenents, units or nodules e.g. nonitoring el epnents or network_
~control functions. Sinmilarly, the applicati-ons platform C may be a
function or 30 functionality enbedded in t®22-network, exg. in:a-service
control point or it may be enbodied in a stand-al one appllcatlon platform

Figure 2 illustrates how t he eralise stem of Fi be map
Lo Networ k TRPRTECTRATae SOS3 (THSHEn Nt betEhes PudRIng Jumetionayty &1p ds gRtve

or the operation has failed. On receipt of this message by the processing module
26 carrying the status, the processing module 26 then continues to form any other
bridges fequired. (l'n the example bridging functionality 21b). When the processing
5 module 26 has completed creating bridges it returns a grpsetres primitive 507
continuing a2 GRPID, allowing simple identification of the bridging group, and the
overall status (Status parameter) of the message 508 containing the parameters
present in the grpsetres primitive 507. |
Figure 20 illustrates the addition of a leg to an existing bridging
10 group using the embodiment '_of figures 6 and 7. The control application, in this
case the handover control application, sends a request 601 asking for the addition
of one or more legs, LeglD, to the existing bridging group GRPID. (See Figure 17).
The processing module 26 is informed about what procedure it has to perform, in
the case the addition of a leg to an existing bridging group, by a primitive 602 from
15 the external interface module. The processing module then proceeds to add the
leg(s) by contacting each of the remote bridging units in turn and adding relevant
legs to remote bridging units in forming new bridges. When the processing module
26 requires to add a leg to a bridge controlled by a remote bridge functionality
21b, it issues an add primitive 603a containing information about the Legld to be
20 added and a local identifier uniquely identifying the bridge at the node, to the
instruct and receive module 25. The instruct and receive module 25 then sends an
Add reqﬁest message 6042 in a format that'will be recognised by the remote
-bridging functionality 21b. In this case the format will be again relatively simple in
that the bridging functionality 21b is assumed to simply add a leg to a bridge and
25 hence requires only the legld and the local bridge reference. The response
message 605a indicates the status of the bridge (i.e. active or not acti_ve). On
receipt of this message by the instruct and receive module 25, the module issues
" an address primitive ©808a to the processing module carrying the status. The
processing module then continues to either add new legs to bridges controlled by
30 other bridging functionality 21b or to setup a new bridge {In the example a SETUP
request 604b is sent to bridging funcfionality 21a). (Messages 603b, 604b, 605b,
606b). When the processing functionality has completed adding legs to bridges or

creating new bridges it returns a primitive 67 to the external interface module 28
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7 application process control functionality and Bl, B2 represent net wor k
eperating functions. Functionality scripted "1" e.g. Al,. Bl represents an
intell-i gent network el ement where Service Control is sgparated;fromthe -
swi tching network and signalling is carri e®yer separate | i nks - €63, " 64,

65). Functionality scrlpted wth ab "2" (e.g. A2, "B2) represents elenents’

where all
fun c} cI:':-(xth]nagI Itl:[mé/ overall NSt 2Oof ‘:l’?edacli&] ope?atlon. The external interface module

28_ issues a AddlLeg response 608 containing the parameters included in the
primitive 607.
Fhe emBodiments described above are referred to a cellular
5 teleco.mmunications network in which the traffic-bearing finks also carrying the
necessary coptrol signalling to operate the present embodiment. The invention
may be applied to any communications syétem in which_control and monitoring
functions are required at points distributed throughout the system. Dedicated
signalling links may be used if the system to which the invention is applied has no

10 other suitable links available.
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swi {'ching ne
Fogical |ink
control func
| ocated at p

twork which carries—the signalling information to provide
s (69, 70 71) As can be seen from Figure.2 both the .process-

tio lacedt \vor k operating functionalitycan be . ...
ot en H H! in the netvﬁ?rk These nddes (72 to. 78) may
be for exanple s poi nt's, net wor k fanagenent” centres,

switches etc.
functionalit
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| nportant aspects to be n?_@&(,%e that: (i) process control
y is located in specific nodes , 78) throughout the network.

1. A rhethod of operating or controlling a communications system
having functional -e!ements and application process elements each controlling a
plurality of the functional elements, the method comprising the transmission of
commands by the application process elements to an interface element the
commands transmitted by the application process elements being independent of
the type or configuration of the functional elements, and the conversion of said

commands to commands suitable for controlling the functional elements.

2. A method according to claim 1 in which two or more of the
functional elements and application process elements use data in different formats
and the processing includes conversion of data generated by one of the elements
into a format appropriate for the element or eléments for which the data is

intended.

3. A method according to claim 1 or 2 in which at least two of the
functional elements and application process elements use different operating
protocols, and the processing includes translation of incoming data into a protocol

suitable for the element or elements for which the data is intended.

4, - A method according to any preceding claim in which the processing

includes addressing signalling packets to individual functional elements.

5. = A method according to any preceding claim wherein the processing
includes the selection of the functional elements and/or application process

slements to which the data flow is to be transmitted.

6. A method according to any preceding claim wherein the application
process element controls a high level service function and the processing of data

includes the operation of functions in support of the high level service function.

R



(ii) secondly, process control fu ctionality for a particular application

15 is-fixed in a . k node, e.g. process control Al jn node 3
72, but for differ | ilhs or uses-of .the 'sang, (partlcularly I f the..
base.station are af es), applr&btlon can be Focated in - ¥ :

different network nodes (e.g. process control A2 in- ode 78)*~(|||) t he

netvork opergling functy ohsnBd s (f%éro"}{nﬁ tb AAHCE Wherdt HfebAegling ARHNELS he

nodes 73 to 77 and are acti e process contr allty wher e
needed in a gemingt Uﬂeotdynamaomnmfera usdrhesrenifial nirbino 08e ameawario tetrpination to

another.

8. A method according to claim 6 or claim 7 in which the processing.

)]

includes the setting up of multicast functions by suitable functional units.
8. A method according to clalm 6, 7 or 8 wherein the processmg
controls a functional element to combine a plurality of data streams arnvmg at a

10 node into one outgoing data stream.

10. A method according to claim 9 wherein the processing controls the

synchronisation of the incoming data streams.

15 11. A method according to any of claims 6 to 10 in which the functional

elements include a capability to form bridges between bearer links, wherein the

processing includes the creation and release of such bearer bridges.

12. A method according to claim 11 wherein the processing includes the
20 arrangement of a bridging connection as part of a handover operation of a user

terminal from one network termination to another.

13. A method according to any preceding claim wherein the processing

includes the processing of measurement data.

25 _
14, A method according to claim 13 wherein the processing includes
mathematical operations performed on the data from one or more functional
elements.

30
15. A method according to claim 14 wherein the processing includes the

calculation of a time average of data received from a network operating function.
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|pRoéd¥singS 66/APHs I TROHAMBt mESRIr&HEREBRIaS#8m more than one functional

element and performing a comparison between such data.

17. A method according to claim 16 wherein the measurement data is a

measure of a quality of a signal.

18. A method according to claim 16 or claim 17 wherein the processing
includes the identification of the functional element from which the measurement

value is closest to a predetermined or optimum value.
19. A method according to any of claims 13 to 18 when dependant on
claim 7, wherein the processing unit uses the measurement data to control

handover of a user terminal from one network termination to another.

20. A method according to any preceding claim wherein the

~ communications system includes one or more mobile units.

21. A method according to claim 20 wherein the communications

system is a cellular radio system.

22. A method according to any preceding claim wherein the

communications system includes fixed termination points.

23. : A communications system comprising a plurality of functional
elements and one or more application process elements for controlling or controlled
oy the functional elements, characterised in that there is provided an intermediate
processor element to interface between one application process element and a
plurality of functional elements, the application process element or elements being
configured to generate commands in a form which is not specific to the
configuration or types of functional elements, and the intermediate processor
elemént being configured to execute the commande generated by the application

process element by transmitting commands to the functional elements.

A

etwork node 25- 75 wher-e there i's -aI so present. .

b



30 ,npbile radi o tetecommuni-cati-ons—aetwork. The collected data in this

particul ar exanpl e 5 &0, £ gis | n the handover process of the_nobile
radi o-network. Figur li fied-diagram.of; the mpb];le radio . ..
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24, A communications system according to claim 23 in which two or
more of the functional elements and application process elements have different
data protocols, an‘d wherein the intermediate processor element has means for
converting data signals into the protocol or protocols appropriate to the intended

destination element or elements.

25. A communications system according to claim 23 or 24 in which the
intermediate processor element has means for determining in response to a given
command from a application element which of a plurality functional elements are

to be operated.

26. -A communications system according to claims 23, 24, or 25 in
which the intermediate processor element has a respective interface sub-element
for _each of one or more functional or application process elements, and the
interface sub-elements have means for adapting data into a format suitable for the

respective element.

27. A communications system according to any of claims 23 to 26 in
which a common interface sub-element of the intermediate processor comprises
means for sending and receiving signals to and from each of a plurality of

functional or application process elements.

28. A communications system according to either one of claims 26 or 27
wherein the respective common interface sub-elements for sending data to each
functional and/or application process element has means for providing a data signal

having an address code for the intended functional or application process element.

29. A communications system according to any one of claims 23 to 28

having a plurality of application process elements.

.

b, 2c each havi ngsneasuri ng equi prent 4a, °



monitoring the qu.@lslh spectlve bearer links, 3a, 3b, 3c, 3d. In the
ease of - base stat | inks 3b, 3d are actual Ilnks with the __.
mobile unit 1 cur atlon and carﬁyl ng t-ra?‘flc The: ot her two : :

base, stations 2a, ential candidate bas=e statlons $or t aki ng - “:
handover of the rmbl |l e un| t 1 from base st-ati on 2b ~antksr'espeet Tve links 3a,
3c are not CLHd'entIy ca trabf c to nobile unit 1. The ﬁa ?gttqo?g
2a-2c are al I°%onnect ed™ Bi°ag3Ps sYEem ﬁ‘éccﬁg't"ﬂotr"kar{yh?%%a B2 ‘
controller 6 kﬁﬂﬁd@@cﬁih@teﬂwléﬁfﬂhrﬁw lisleNfdretrdnsmitting signals between the intermediate

processor and the functional elements and the application process elements.

5 31. A communications system according to any one of claims 23 to 30

wherein the system is a telecommunications system.

32. A communications system according to claim 31 wherein the system
is a cellular radio network.

10
33. A communications system according to claim 31 or 32 wherein at
least some signalling links for transmitting signals between the processor function
element and the functional elements and/or .ne application elements are provided
by telecommumcatxons links of the network.

15
34. A communications system according to any one of claims 23 to 33
wherein the functional elements include means for measuring operating

characteristics of the system.

20 35, A communications system according to any one of claims 23 to 34
wherein the functional elements comprise means for creating bridges between

bearer links of the system.

36. A communications system according to any one of claims 23 to 35
25 wherein the functional elements comprise means for muilticasting and/or combining

data flows carried by bearer links of the system.

37. A communications system according to any one of claims 23 to 36
having an application process element for control of handover of a mobile terminal

30 f{rom one system termination to another.
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The individual base stations 2a, 2b, 2c may be co-I| ocat ed,

sites) so the _raw data feceived fromeach 15 device may be differ '
form I n partfeul ar, mjéeCPH?'HB'BF?'é°WFe?\0&§FWsa“r?ﬁ§?e'"%§°cawé%ﬁ‘ee°§F Taér%?(;% f‘ji’ r%g7
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may differ, the properties to be neasured, such as
bridges.

39. A communications system according to any one of claims 23 to 38
having an application process element controlling diversity routing over

communication paths of the system.

40. A communications system according to any of claims 23 to 38

wherein the system includes at least one mobile unit.

41, A communications system according to claim 40, wherein the

communications system is a cellular network

42. A communications system according to any of claims 23 to 41,

wherein the communications system includes at least one fixed terminal.

43. An intermediate pro_cessing unit for a communications system for
éontrolling a number of functional elements of the system under the control of or
controlled by one or more applicatio_n process elements of the system comprising
an external interface module for receiving commands from an application process
element .in a form not specific to the configuration or type of the functional
elements, an instruct and receive module for executing the commands so received
and transmitting them to the functional elements required to execute the
command, and a processor module for processing data passing between the

functional eiements and the application process element.

44, An intermediate processing unit according to claim 43 in which the
instruct and receive module converts signals between a processing format used by
the processing module and individual operating formats used by the individual

functional elements.

* €C L M S *
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for 'i Ast ance t ol HasiBetrReplacedsect ors of a cell, and _the base_ site ]
controller 6 may | cated with them The:mgasuring equipment 4g,:,,
4b, 4c, 4d in th stations 2a3#&b, 2c:and'she mobi:le unit t:

need not be the same, (particularly if the base stati-ons are-at different - -



bit errof rate (BER), C/l, received power |level, or bit rate are sinilar

for each unit. The process control unit 5.is located jn the base site 20 ....
controller 6, and is in comunication with eagh of t hy nmeasurepent units : ..
4a-4d. The necessary signalling is carried ¥¥er the bearer |inks 3a,-3b,-: :
3c, 3d, which also carry the tel ecommunications traffixc for which the links ~

have been setggip. The PAACRESERAKE GrolBlding® oS hdtiling! BP JIRARUASTEN4s in

units 4a, 4b, 4c, 4d to take neasurenents O pert Oor mance e.g.
C/1, recei vewipohethd cmetruct dndt recgive mSdulBhesepiises smeans ctdrl eetectiagathe

conti nuousl Y fuRkridia e erllrlné/ntg % 3P flom Whi O&aﬁalg%rg to be distributed and/or received.

5 486. An intermediate processing unit according to claim 45 comprising

means for communicating with each functional element sequentially.

- 47. An intermediate processing unit according to claim 45 in which the
instruct and receive module comprises means for sending messages each with an

10 associated address code corresponding to an individual functional element.

48, An intermediate processing unit according to any one of claims 43 to
47 wherein the external interface module comprises means for converting signals
from the processing module into a format useable by an associated application

15 process element.
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signal fromthe process controller, 5. It wll be noted that data coll ected
by unit 4d at the nobile station 1liwill travel. by way of one of the base
stations 2b. However, the base station 2b does not process this data in any
way bBut passes.it on to process control unit 5 30 located in the base site
controller 6. There is thus a direct |ogical |ink 8d between nmeasurenent
unit ‘4d and process control unit 5, as well as logical |inks 8a, 8b, 8c

bet ween neasurenent units 4a, 4b, 4c .and process control unit 5. The base
station 2b itself also sends data collected at the base station 2b by
measur enent ARCMRACT

L rethod of operating or controlling a communications system
§ having functional elenments for performing monitoring or
control functions using data flow To and from control
function elements, the method conmprising processing data
flowing between the functional elements and the control
function elements to provide an interface between these

10 elements.
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9 umt 4b The process control unit 5 is connected to an appl I cation

function CL e.g.

a handover control function in nobile switching centre 7

or base site controller 6 to provide the application function—wth-data.
The neasurenent units 4a, 4b, 4c, 4d can be confi gured t?hlmegHasBe
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"5 dlfferent neasurenents accordlng to instructions recelved fromthe
processing unit 5. Such changes may be made dynamically e.g. depending on-
prevailing conditions, for exanple the type of signal e.g. voice or data
being carried by the bearer, or in response to prevailing conditions

el sewhere in the network, e.g. tinme of day/day of week. 10 The
paraneter to be neasured (e.g. bit error ratio, C/|I, RSSI) can be selected
dependant on the type of signal which is to be carried by the bearer (e.g.
analogue/digital, different bit rates, 2Ietc ).
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As the neasurenent process control uni t 5 is located in the base S|te ,
contnoller 6, measurenent collection control is perforned at as |low a Ievel
in 15 the network as possible, whilst mninising the proceSS|ng power in
the base stations 2a-2c thenselves. By locating the process control unit 5
at .a localised level, the data can be conpressed and selected at this

| evel, thereby reducing the anpbunt of signalling fromand to other parts of
‘the network. Furthernore where, for exanple, the base site controller 6

i nclludes 20 sufficient processing to identify which of the three base
stations 2a-2c has the 371

Fig.5.
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strongest ‘Si: gnal fromthe nobile unit 1, only that fact need be passed to
t he  deci si on ‘maki'ng unit (typicall y | ocat ed in the nobile—swtching centre

7) determ ning whether a handover is to take place. Indeed, vvhere handover
i s between base stations handl ed by the same base site contl® WMWM{ eplaced

nmobi e 25 switching centre 7 may not need to be involved at

noni toring equi pment 4a-4d perforns the collection of bearer

information in the network. This equipment need only have limted
functionality. Its function need only bihﬂ- nonitor a particular physical
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report neasurenents to the neasurenent process control unit 5. 30

The operatlon of the system of Figure 3 will now  be further described
with reference to Figure 4 which illustrates the system in functional
terns. In particular nmeasurenent functionality B corresponds to neasuring

equi pnent 4a-4d, processor function Alerr] corresponds to process
controller 5, and

S/

Fig.10.
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the application function C[err] corresponds to e.g.. the handover function’
in BSC 6 and/or MSC 7. Processor Alerr] has three nodules, as illustrated
in Figure 4: an instruct and receive nodule 10, a processing nodul e 117 and
an external interface 5 nodule 12. Instruct and receive nodule 10is in
~direct comunication with the neasurenent functionality Blerr].- This npdul e
recei ves neasurenent data fromthe neasurenent functionality Blerr], and is
configured to recogni se data strea /as they cone in and convert then1|nto
Y

a standard fornat Conversely, it sb&recelves
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signal s fromthe processing nodule 11 and converts theminto instruction
ssignal s-10 recogni sabl e by the individual neasuring functionalities B[err].
The i.nstruct and receive nodule 10 has a functional elenent which is °

dedi cated to a respective nmeasurenment functionality to which it is
connected, and which is configured to be conpatible with it. The functional™
el énents of the instruct and receive modul e 10 required for each
measurenent. functionality B[err] e co-located, e.g. in 15 software.
Different functional elenments nmay b 7%29d|ed i n comon hardware, for

i nstance i f each neasurenent unit 4 Is polled in turn by process

controIIer
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5 uging-tinme division, the instruct and receive functionality enbodied in
.the process controller 5 has to translate.int ard
processing of the processing module 11 and the f QR el §HBLL By.qt he
measuring function Blerr]. 20 This requires the ingi el ve nodul e
10 to be configured in each tinme slot for the ness Mm; Hd by the

I ndi vi dual neasurenent functionality Blerr]. The t must t hus
be ‘understood to enbrace any function or conbination of functions by which

the instruct and receive nodul e can bei bgnented, and correspondingly the
physical realisation of the el enents, ulfes and units can be
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-25“by”any means, With parts shared or naot. The processing nodul e 11 handl es
.contrrol signals fromthe.external interface npdule 12 (to be discussed

bel ow), and al so processes neasurement paranmeters received in a
standardi sed format fromthe instruct and receive nodul e 10. The processing
module 1 1 controls, through instruct and receive nodule 10, 30 the

measur enment functlon Blerr], and also perforns any.control actions
required. In response to a request for data fromthe application Clerr]
received via external interface nodul e t he processing nodul e 11 sends
an instruction to the instruct /})Af
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and recelve nDduIe 10 to coIIect dat a fron1the I ndi vi dual neasur enent
funct1on B[err]. These instructions are translated by the instruct and
recei ve nodule 10 into the format required by the measurenment functions
B[erx]. The measurements having been received back at the instruct and
receive nmodul e 10, and translated back into the comon proce55|ng format by
that nodul e, the processing nodule 11
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5 perforqp fornattlng and/ or other processes such as for exanple an aver age -

ever a given time period or a nathenatical function of one. or more of the
paraneters received fromthe neasurenent functions Blerr]. "As-a particular .
exampl-e, the processor Alerr] may co are t he signal strengths neasured-by

t he neasurenent functionality B[er ‘ ociated with (three) candidate base
stations (4a-4c) from which 10 da requested, and return a signal to

t he handover application Cerr], via the external interface 12, giving the

identity of the base station 4b having the strongest signal. In this

" exanpl e, the absolute values of the signals are not sent

up s
zmbe
FHO-434

L C‘-i

d314v

-

“his Sheet Has Been Replaced 1

]




Vi a the external interface nodule 12 to the app |cat|on C[err] The

£extérnal ™ |nterface 12 sends data signals to arg hﬁdppﬂlcatlon

C[err]. In the case of handover detern1nat|on n Cerr] as

the network control function responsible for “ﬂm unct ion itself

sends signals via the external interface nDduI standard form to

I nstruct the processing nodule 11 to send start, or stop signals, or a-

request for data to neasurenent fun F%é’ﬂg Bl. The network control function
a

C err] also.receives data 20 from surenment functions B[err] y
of the process unit Alerr].
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The rreasurerrents may’ be made for a continuous period, or a single

.i nstanit alleous .measur enent may be required. The instructions to be sent from
the application Cerr] to the process control function Alerr] wll
obvipusly differ i'n these two cases.iw ly, if the result required is,

for exanple, a tinme average, then th rocess control nodule 11
provi des processing and storage and the tine averaged result is tran%

to t ITE e nl—c.ont £ ol . a0 egdically Lputhese
ci rc @bt ances the procks control nodule 11 |ncI udes, functi ona

buf f to store the @tla,while these tine averages, tren €
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caJ CQI at ed. 30 The netvvork may i ncl ude many dlfferent de5| gns
of switches ‘and nobile units, each with its own neasurenent functions and
'physveal real i sati on. The neasurenent control function Alerr] provides a
way of intelli gently interfacing thesa-y?a,eurerrent systens with one network

manage;ent neasuregent
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L

12 application CJerr]. Pre-processing is performed in the processing
function Alerr], and the results of the processing of the neasurenent data
passed to the handover application Clerr}j/4® that handover decisions can be

made.

Where the physical realisation of the processing functionality

Alerr] is located in the base stations 2a-2c 5 the quantity of data carried
by the bearer links 3a-3c is reduced.dgﬁe surenent control function may

be used for other purposes than hando
required for -fault nonitoring,

of .exanpl e, nmeasurements nmay be
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statistical analysis for future traffic planning, billing, etc. The
external interface 12 is conflgured to regfond to signals fromany such
application platfornms. 10 Jer ent neasur enent functions

Bl[err] may be capabl e of making different neasurenents. Such differences . -

are handl ed by the instruct and receive nodule 10 of the. processing unit
Alerr] in order t e\ e a connq&ldata standard for the use of the

net wor k applicati g one Vdr|at|oh of. this enbodi nent the individual
measur enent 15 functlons r] hav ry limted functionality. They
operate constantly, nonitottndg aBTS "
| s 6 s 7
4Ld 3d 8y |
\ 7.__-1-—— N, ; /[
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property of the system On a request fromthe process control function-
Alerr] the current value of the data is reported back to the process
control function Alerr]. The decision as gﬁ ghlch data i s (passed on to the
application CJerr] is taken by the proces é ntrol Alerr] facting in

response to instructions fromthe applications Clerr] 20 Figure 12,
13 and 14 are flow charts il stra ng the data flows takijng place within
the systemof Figures 3 and é;us exanpl e the -hi gh-1Lavel application

(err]) is a- handover control wo nessage formats are able to the

ext ernal appl i cation C[err]
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"Measure request” and "Measure

nmessage is passed fromthe handover cont L?i
el ds speci fying: 3n

rrop 2rca.t\| 0 BEI?)

interface 12 an as

(in this case t%{igt%

response”

25 1) "Measure request”. This
Cerr] to the external.

e paraneter(s) to be neasured
-2ide algorithmto be applied to
averaﬁg val ue of the paraneter

nmeasurenents (eit ALGA: pr
~and the change i.n that val ue;

or
te

o
rmuc ari C

Bt ]

ovi d_e_/aver__ged val ue of the
bel ow 50%

measur ed paranmeter when parama _
22'1 2 \\
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ori ginal val ue), 13 - reporting nmethod (RR=regul ar reports at intervals,
or a null value indicating a request to provide a respohse when the
algorithmprovides a result), - the tinegpgtween nmeasurement reports if
applicable (TIM).

Fig.10.
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5 2) "Measure response". This nessage passes fromthe external _
interface 12 to the handover control C[err] and contains result paraneters
fromthe measurenent algorithmin the prqgessing block in the form )
specified in the request nessage. The response nessage is sent at intervals
dependi ng upon the contents of the request nessage. 10 Figure 12

i [l'ustratesytheloperati on of the enbodi nent of figures 3 and 4 for
measur ement ZBBorting at regular intervals when the renote nmeasurenent
functlonaI|§§:§1ly sends out neasurenents when requested. The process
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case the handover

cont rol
used,

i nfornmed about what pr
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primtives 102 fromthe external interface nodule 12. The processing nodul e
11 then operates the_ required algorithm starts to gather nmeasurenent

i nformation and whe&'ready sends the prepig#essed infornmation 103a back to
the external interf&e 12 whitlohain turn sends information 104a to the
requesting control @ applig¢atdon Cerr]. Wen the processing nodule 11
requires i nf'ormatio%from @él&_ﬁement func®gonal ity 4 it issues a REPORT
~primtive 105, -105a.gont ai @@y A-nf or mat i onyebout what is required to be

neasured, to the ingruct add rQcei ve nodul g 10. The instruct and receive
" nodul e .10, thep i@n% a re,%)o@equest O
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nmessage 106 in a format that will be recognlsed by the renote neasurenent
30 functionality 4. In this case the format will be very S|nple as the
measur ement functionality 4 |s assunedd: be only "on' or 'off', .nmeasuring
only BER and t hen retFZpgg |nned|até?§ in a RepOrt'responSe message .
107. On receipt of th $sage by the instruct and receive nodule 10, the
nmodul e i ssues a RESP

MACRODIVERSITY | _ - EXAMPLE 1
© BEFORE o | AFTER
legldln leg Id._In -

legTld3

legIldé

leg Id Out

e



14 primtive 108 to the processing nodule 11 carrying the nmeasured
paraneter in a standard format. The processing nodule 11 issues further
report request primtives 105a etc. whi ah ﬁ3responded toin asimlar
manner (106a, 107a, 108a). The processl ul e=11 then perforns Al gorithm
A on the data and after 5 tine TIME has -gl apsed Znds a Measureresp
primtive 103a to the external interfacé&nodwe 1::\2 The external interface
nodule 1 2 returns the results of the measu nt—-process 8 the

application Clerr] ghlandover- Control in Tk o
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&~

standard format. (in this case BER and the change in BER (CBER)). The
processi ng nodul e 11 continues perform ng the neasurenent process 105bh/c,
106b/c, 10 19]b/c 108b/c, 103b until ingy{3icted otherw se by.receipt of a
primtive 110f+elating to a bl ank. Measure request 109 received by the

external inteEl modUl e IZ. Figure I3 fTTusiratep the operatron of the
enbodi nent of§§|gunes 3 and 4 for generating a neagurenent| report only when
t he neasured g@ran91er changes 15 by 50% This would be useful, for exanple
to provide a fpigger to initiate a - '
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no

handover process. As in the first exanple the renote neasurenent
functionality 4 only sends out neasurenents when requested. This .
i.Ilustrates how the sane nmeasurenent fun?%hgnal ity 4 can be nade to supply
application process functionality C[err] "naving different requirenents. 20

The handover combpol_application Clerr] cends—g:sse-aze—&-@-k—wﬁ-e—h—as—ks—-f—er‘
t he Recei ve%:Si gnat Level (RXLEV) to be neasurdd, ahd Al gorithmB to be

used. Regul repdtits are not required to be sgnt fiomthe processing
modul e, as igdi cated by the absence of the RR parangter. -
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The processing nodule 11 is infornmed about what processes it has to 25
perform by prinmtives 202 fromthe external Interface nodule 12.v%he-- -
processing nodule 11 then operates the required algorithm starts to gather
measur ement i nformation and when ready sd83S the preprocessed i*nfornmation
203, 204 batk {gN he—equesting-control-—application—\Vhen the-processing
nodul e 11 requireg, information from neasurenment functionality 3 it issues
REPORT printivesgg 205, 30 205a, 205b, 205c, containing information about
what is redOired to be neasured, to the instruct and receive nodule 10.. In

response, tHe instruct and receive
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nodul e 10 t hen sends Repor t request nmessages 106 106a 106b% 106¢c in a

f or mat thw ecegri-sed-by-the renote nepsurgm | SRSt

In this éé*@ﬂ% FHEEE wi 13Gbe dgain rel atg{v;lsy;f&igggmw&;{l it ;@Sty géa}

measur emeh I?‘E?ﬁ%ﬁtfoé‘neﬂalg?‘%/ 4. |t@pw§uniad to.be on} ' @Bm®F Ed’ Eé@%

only BER pHd-1im(s)  :paged..?..to paged..2.... 1 ;’-‘-“me (S) . vd %’t <
P\ Wt Drawing(s) :paged..’s. to paged..? f': g p ge ° page """

jE7 Abstract  :paged ........ to paged '
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5 ~ This inve'nti_on relates to <the oberation, monitoring and control of a
communications system. It is of particular relevance to the operation of
telecommunications networks, but is not limited to such systems. '

in this specification the term 'functional element’' is used to define an
element of a communications system -which performs some function, e.g. .a

10 switching or monitoring function, to the system itself, as distinct from an
'application process element’ which controls a number of "Functional elements” to
achiesve a high level function, usually requiring concerted action from several
functional elements. This high-level function may be a network application éuch as.
2 handover process in a mobile radio system.

15 In a telecommunications network the functiona! elements of the system
are widely distributed. For example, switching functionality is required at nodes
throughout the system. However, in conventional telecommunications networks
application process control is concentrated, requiring a large signalling load to be
carried over the telecommuniéations network. Dﬂspite the distributed nature of the

20 system all elements of the network which interact must have compatlble signalling
formats. - This is a particular problem in a cellular radio network, where mobile
‘units made by a number of different manufacturers can turn Lip anywhere in the
system and have to interact éonsistently with whichever fixed part of the network
they happen to have established communication with. In such a network it is

25 difficult to arrange for enhancement or improvements, because of the need for all
signalling formats to remain com.pa'tible. : Further problems arise in known
systems because of the need for measurements of network conditions e.g. link
periormance .to be made, and the results transmitted to a control centre, either
continuously or cssgontmuously dnpnnalng on the nature of the measurements to

30 be made and the purpose for wmch they are required. This places an ‘additional
signalling overhead on the network. Many measurements are often_only required
in specific. operating curcumstances It is therefore wasteful of signalling capacity

for all possible data to be transmnttnd when much of it is redundant. The limited
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returning it at a set interval in a Report response nessage-10/—10+a;
r i v

107b, 107c. On receipt of these nessages by the instruct_an cej Vi rrloac%hlle
10, the nodule 5 issues RESP primtives 208, 208a, 208Db, Th SRV '

processi ng nodul e carrying the neasured paraneter in a st r ﬂ I The
processi ng nodul e 11 perforns the Al goritym B on the data - '

val ue of the measured paraneter has changed by nore than 50% the processing
modul e 11 sends a Measureresp primtive 203 to the external interface
modul e 12. Tiignallipgr eaRadity; and dbe nuseRAreot different meapyrements tedhe Mmaadsr aiske

measur enent  pLOreSthel Peddiftidrtbl 1t ARG ALAC nd/or the sampling rate that can be

 supported. .
A further limitation on capacity in conventional systems is caused by

- 5 limited routing capabilities. .Partic_ularly in a case where a call requiring very high
bandwidth or data rate is require.d, .there may be no single route available through
the network allowing such capacity. This may be the case even if it is possible to
re-route calls in progress without interruption in order to provide greater capacity
on a particular link. In these 'circumstances, a call requiring a higher bandwidth

10 would either fail or cause another lower priority call already in progress to fail,
although the system as a whole does have sufficient capacity. ' Existing
telecommunic_ation systems normally permit single links from point to point only. If
the link is unreliable, error checking processes may be employed but these require
. additional data in order to perform the error checking. It is known for mobile units

15 to monitor more than one base station simultaneously, in order to identify the one
with the best quality signal. However, in a conventional switched network,
because the switching and control of the call are indivisible, the call is handled
over a single route only.

Another example of concentration of control is the provision of

20 “conference” facilities in a telecommunications network. In conference bridging,
the bridging is set up under the control of a user who sets up a request for bridging
to allow- more than two users to communicate together simultaneously. This
requires an existing link to be bridged to a new one to allow the third caller't'o
communicate with the other two.

.25 In prior art systems, such as that shown in figure 10, bridging is only
possible ih major switching centres 40 and these bridges are of fixed capacity.
Figure 10 shows three terminal units 38a, 38b, 38c arranged to form a
‘conference call’ with each other. Units 38a, 38b are both connected to node 37
but this has no bridging capability. Node 37 and unit 38c are both connected to

30 major switch 40 which has a bridging capability. This means that although units
38a, 38b are both in communication with user 38¢ through the same node 37 and
require a bridge to be made between them, each unit 38a, 38b must be provided

with its own bearer 39a, 39b all the way to tne mobile switching centre 40. If the
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(Handover Control inmthrs—ease)-n a standard format (in this case RXLEV)

204. 1t will bf n..t hat handover controls Cferr] having different
measur enent reqlsQﬁgetH rﬁ geeles 5 and 6), can nevertheless interface with

t he sane neasur ality 4. 15 “Figure 14 illustrates the
operation of th f figures 3 and 4 for neasurenent reporting
when the renote neasurenent functionali ty3sends nmeasurenments at regul ar

intervals. Conparison with Figure 12 will illustrate how different
measur enent Dridging could take place at the base station 37, one of the bearers 39a, 39b

would be released for other purposes. Referring to figurg 11, at a switching centre '
32 where a bridge is to take place, control processes ensure that each meésage
a,b,c coming into fhe switching centre 32 is passed from one caller A, B or C on to
5 all other callers. _ |
According to a first aspect of 'ths_ invention there is provided a method of
operating or controlling a communications system having funcﬁonal elements and
application process elements each controlling a plurality of the functional elements,
the method comprising the transmission of commands by the application process
10 elements to an interface element the commands transmitted by the application
process elements being independent of the type or configuration of the functional
elements, and the conversion of said commands to -commands suitable for
controlling the functional elements. - _ |
- According to a second aspect of the invention there is provided a
15 communications system comprising a plurality of functional elements and one or
more application process elements for controlling or controlled by the functional
elements, characterised in that there is provided an intermediate processor element
to interface betwaen one application process element and a plurality of functional
elements, the application process element or elements being configured to
20 generate commands in a form which is not specific to the configuration or types of
functional elements, and the intermediate processor element being configured to
execute . the commands generated by the appiication process element by
transmitting commands to the functional elements.
According to a third | aspect of the invention there is provided an
25 intermgdiate processing unit for 8 communications system for controlling a number
of functional elements of thé system under the control of or controlled by one or
more application process elements of the system comprising an external interface
module for receiving commands from an application process element in a form not
specific to the configuration or type of the functional elements, an instruct and
30 receive module for executing the corhménds so received and transmitting them to
the functional elements réquired to execute the command, and a processor module
for processing data passing between the functional elements and the application
process element. |
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functionalities 4, 4a can be used to supply the sane appllcatlon process 20

functionality. As in the enbodi ment of Figure 12, {he scheerR laerdr of
application, Clerr], sends a request 101 asking for Rate
(BER) to be 'rreasured, using AlgorithmA, with regu:vi‘mmzm e sent
fromthe processing nodule at tinme intervals of TI n messages. The

processing nodule 11 is inforned about 25. what processes it has to

Do Y P ¢ A e A o F53arhgF S, 8 ARG b icay
separate from the functionality. This in turn allows the functionality, in particular
for switching purposes, to be available at many more locations in the network than
the main application elements.

5 In a preferred method aceording 'to the first. asbect of the invention the
monitoring and control processes required are operated by functiqnal units located
at suitable points throughout the system; The poihts at which these units are
locate.d depend on the particular function they are required to perform. For
instance, in a cellular radio network, the measurement of signal quality takes place

10 at the individual base stations, but handovers and multi-casting require routing at
switching points. Each ofi these ‘functional units is configured to suit the
circumstances of the individual location of the unit. * For instance a bridging
element is configured according to the number of possible links available at the .
switching centre concerned.

15 ) Dedicated signalling links between the intermediate processing units
and the functional elements distributed around the network may be provided.
Where the system being controlled is a telecommunications network, the signalling
may be carried over the traffic bearer links of the network. The intermediate
processing elements need not be located at a node of the bearer network. Using

20 the telecommunications network example, they can be located at any point in the
network and for different functions may be located at different points.

Embodiments of the invention will now be described, by way of
example and with reference to the accompanying drawings, wherein:
Figure 1 is a functional representation of a system according to a

25 first embodiment of the invention;

Figure 2 is a schematic diagram of a network architecture
incorporating the functionality of the system of Figure 1;

Figure 3 shows schematically a mobile radio network in accordance_ '
‘with a sacond embodiment of the invention;

30 ' Figure 4 shows .the' network of Figure 3 in functional terms;

' Figure 5 is a topological diagram of a network according to a third
embodiment of the invention.

Figure 6 shows the network of figure & in functional terms;
This is the replacement sheet
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starts to gather neasurenent information and when ready sends the
preprocessed i nformati on back to the requesting control application 103a,
104a, 103b, 104b. WWen the processing nodul e 11 requires information from
the nmeasurement 30 functionality 4a it issues a report primtive 305,
contai ning information about what is required to be nmeasured, to the
instruct and receive modul e 10. The instPuct and receive nodul e 10 then

T st R IO g For M e ol ok SRR ol
topology of Figure & and the functional aspects of figure 6;
Figure 8 shows in functional terms a system according to é fourth
embodiment of the. invention; ' |
5 Figure 9 shows schematically a mobile radic network in accordance
with the embodiment of figure &; _ ' |
Figure 10 shows a prior art cellular radio network having bridging '
capability only in the main switching centre;
Figure 11 shows schematically the topology of connectibns required

10 in a prior art three-way conference bridge, as described with reference to figure

0 |

Figures 12, 13, 14 are flow charts illustrating the data flows taking
place within the embodiment of Figures. 3.and 4, in relation to a handover control
process; _

15 Figures 15, 16, 17, illustrate three possible changeovers in a
diversity control system which may be controlied by the embodiment of figures 6
and 7; and :

Figures 18, 19 and 20 are fiow charts illustrating the data flows
taking place within the embodiment of Figures 6 and 7 to control the systém of

20 Figures 15, 16 and 17. _ '

| Referring to the q'rawings, in the first embodiment of the invention, a
commuhications system, shown in Figure 1 in functional terms, comprises a

~ telecommunications network incorporating an intermediate .processor function A
interconnecting functional elements in the form of network operating functions

25 (NOFs) B, with an app.lication process element C. The intermediate processor

. function A has three functional modules: an external interface module 51,
processing module 52, and instruct and receive module 53.

In operation, intermediéte processor function A relays data between:

NOFs B and application C in both directions. The application C may be a network

30 service or service element and the data may be, for. example, control messages
going from application C to NOFs B, or measurement or status data going from

NOFs$ 8 to application C.

||II||||||II|||||I|I| s 18 0EC 156
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format wll be again relatively si 'rrpl e in that the nmeasurenent
functionality irsis@hestHEBech@ell@ednly ' on' or 'off’, measuring only BER and

returning it at ﬁm “!“7@ E in a'Repprt response nmessage 307, 307a to
307g (this is th etween this exanple and that in Figure 12 and
serves to illustry ITTerent 5 neasurenent functionality 4, 4a can
be used to performa task using the sane asurenent request 101 from
handover control . (ferr ]Int%prgeéng%euEpdcggsorr}unctlon A per%orms three functions. Instruct
and receive module 53 sends instructions and data to, and receives data from, the
individual network operating function elements. EXter.nal interface module 51
interfaces with thé application C. These two modules 51, 53 are linked by the
5 processing module 52 which, for example, translates (a) instructions from the
application C into the individual instructions for NOF B, and/or {b) data received
from the NOF B into a data format suitablé.for the application platform C.
Although figure 1 has been illustrated for a single application C for
simplicity, there may be a plurality of a;&plications interconnected with respective
1Q or common NOFs by respective or common processing units, as will be seen from
the following description of various other embodiments of the invention.

in intermediate processing unit A, the external interface module 51
provides a common interface to application platform C. This interface offers the
application platform C a set of available commands that prbcessing module 52 can

15 perf_orm independent of the interface to the network operating functions B.

The processing module 52 performs the conversion of application
im;ormation data into information specific to the individual NOFs, and/or performs
the conversion of NOF in.formation into a form suitable for the applica'tion platform
C.

20 The instruct and receive (IR) module 53 communicates with the
| NOFs B, and may have different interfaces to different NOF units in the network.
The IR module 53 converts between primitives used by the processing module 52
and information message formats used by NOFs B.

Instead of, or in addition to, the cbnversion or translation described,
25 the processing module 52 may also perform additional probessing specified by
application platform C. " The NOFs B may take the form 6f functionality
. associated with the network, e.g. embedded software, or they may be.discrete
elements, units or modules e.g. monitoring elements or network control functions.

Similarly, the applications platform C may be a '- function or

30 functionality embedded in the network, e.g. in a service control point or it may be '
embodied in a stand-alone application platform.

Figure 2 illustrates how the generalised system of Figure 1 may be

mapped to a Network Architecture. in functional terms elements A1, A2 represent
Mhig is the replacement shegt
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same format 104a, 104b). On receipt of the messages 307 by the instruct and
receive nodule 4a, the nodul e issues a RESP pri mtlverlﬁ%eetdalaiMnR laced
processi ng nodul e 11 carryi ng the nmeasured paraneter |n

The processing 10 nodule perforns the Al gorithmA on t %l

time TIME has el apsed sends a Measureresp primtive 103a

external interface nodule 12. The external -interface nodule 12 returns the

results of the nmeasurenent process to the Handover Control C[errL in a
standard f or #RRlicglien Mipeessacentitiuppiionality @Rt BA repmrseatoRstvqsl Lrerefing) ) .

The pr o§e55| ARIBAL! euhdubthy BEGReA®N Y g1 RY, BAGepresents an intelligent network

element where Service Control is separated from the switching network and

signalling. is carried over separate links (63, 64, 65}. Functionality scripted with a

(4]

*2" (e.g. A2, B2) represents elements where all functionality is incorporated in the
switching network which carries the si,gna.lling information to provide logical links
{69, 70, 71). As can be seen from Figure 2 both the process control functioﬁality
and the network operating functionality can be located at potentially any node in
the network. These nod_es {72 to 78) may be for example service control points,
10 network management centres, switches etc. Important aspects t6 be noted are
that: _ .
(i} process control functionality is located in specific nodes (72, 73)
throughout the network.
(i) secondly, process control functlonallty for a particular apphcatlon
15 is fixed in a particular network node, e.g. process control A1 in node 72, but for -
different applications or uses of the same (particularly if the base station. are at
different sites), application can be located in different network nodes (e.g. process
- control A2 in node 78). | |
(iii} the network operating functions B1, B2 are located at switching
20 network nodes 73 to 77 and are activated by the process control functionality
wheré needed in a real-time dynamic manner. These functions are closely
associatéd with the bearer network.
{iv) a specific use of process control functionalify A1. ina particulér
network node can be to control a network operating function B1 at a network node
25 75 where there is also present another or the same network opera_tihg function B2
under the control of another process control functionality _A2.
A second embodiment of the invehtion, shown in Figures 3 and 4, is
a communications system having means for collecting and processing data on the
quality of bearer links in the system. In fhis second embodiment the system is a
30 mobile radio telecommunications network. The collected data in this particular
example is to be usad in the handover process of the mobile radio network.
Figure 3 shows a simplified diagram of the mobile radio network,

illustratively a cellular radio network, comprising a mobile unit 1 and three base
This is the replacement sheet



15 neasurenent process until |nstructed ot herw Se recei pt of a
primtive 110 relating to a blank Measure r%ﬁyﬁ,%lt}ﬂa@ﬁeeﬁ icsded ‘by the

external interface nodul e Clerr] as for-the Figure 12. The
processing nodule 11 will then issue a C ose MMI‘E that will be
used by the instruct and receive nodul e to g r ement

functionality specific close nessage 312 § nstructing the 20 nodule to
term nate the_ nodul e's neasurenent collectign process. A third enbodi nent

of this i nPeaiqNen J8s APcofRmAAGMNAYING FRASEANG RIURINEN A | $ast4cag4dndiotor
conbi ni ng frffé\"ﬁ{drfﬁ@' tHES gAY off ARBEOILBLLYr lifkd, | 8%, 3¢, 3d. In the case of

base station 2b the bearer links 3b, 3d are actual links with the mobile unit 1
. currently in operation and carrying traffic. The other two base st atiohs 23, 2¢ arel
5 potential candidate base stations for takmg handover of the mobile unit 1 from
base station 2b and _respéctive links 3a, 3cj are not curiénﬂy carrying traffic to
mobile unit 1. _ |
The base stations 2a-2c are all connected to other parts of the'
network through a base site controller 6 and mobile switching centre 7.

10 The individual base stations 2a, 2b, 2c may be co-located, for
instance to cover dszerent sectors of 2 cell, and the base site controller 6 may also
be co-located with them. The measuring equup-m.ent 4a, 4b, 4c, 4d in the various
base stations 2a, 2b, 2¢ énd'the mobile unit 1 need not be the same, {particularly
if the base stations are at different sites) so the raw data received from each

15 devEce may be different in form. In particulér, modern mobile networks must be
capable of supporting mobile units built by a variety of manufacturers. Although
th-e methods of measurement may differ, the properties to be measured, such as
bit error rate {BER), C/l received power level, or bit rate are similar for each unit.

- The process control unit 5 is located in the base site

20 controlier 6, and is in communication with each of the measurement units 4a-4d.
The necessary signalling is carried over the bearer links 3a, 3b, 3c, 3d, which also
carry thé telecommunications traffic for which the links have been set up. .The
process control unit 5 instructs the measurement units 4a, 4b, 4c, 4d to take
measurements of link performance e.g. BER, C/l, received power level or bit rate.

25_ These units may collect data continuously;'or may only do so in re'sponse to a

. signal from the process controller, 5. '
it will be noted-tﬁat data coliected by unit 4d at the mobile station 1
~ will travel by way of one 'of. the base stations 2b. However, the base station 2b
does not process this data in any way but passes it on to process control unit 5

30 located in the b=2se site controller 8. There is thus a direct logical link 8d between
measurement unit 4d and process control unit 5, as well as logical links 8a, 8b, Sc
between measurement units 4a, 4b, 4c and process control unit 5. The base

station 2b itself also sends data collected at the base station 2b by measurement
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5, nodes 22a-22g are di strr but ed t hroughout a network 20. An incom ng

signal to a networl enR Beedcan be forwarded to nore than one
further node 22b, 2 Itrcastr ng) or conversely two incon ng
signals having arri poi:nt' 22e by different routes (from 22b,
22c) can be conbi ned toget her or onward ¢9ransm ssion. In a nmobile radio

systemthe air interface may formone or nore of the bearer. links so that a

e S L AR, 58y s ol 0 S LR ol RS b 52
not take pl ag daatovdrecantroli mhetidbmire mabilg. svmml'emg aﬂetre Z2gr base site controller 6
to provide the apphcatron functron with data.
The measurement units 4a, 4b, 4c, 4d can be conf’ igured to make
5 different measurements according to instructions received from the processing unit
8. Such changes may be made dynamieally e.g. depending on prevailing
condition's, for example the type of signal‘ e.g. voice or date being c.arried by the
bearer, or in response to preveiling conditions elsewhere in the network, e.g. time
of day/day of week. |
10 ~ The parameter to be measured {e.g. bit error ratio, ch, RSSI) can be
selected dependant on the type of signal which is to be carried by the bearer {e.g.
analogueidigital, different bit rates, etc.). '
As the measurement process control unit 5 is located in the base
site controller 6, measurement collection control is performed at as low a level in
15 the network as possible, whilst minimising the processing power in the base
stations 2a-2c¢ themselves. By locating the process control unit 5 at a localised
level, the data can be compressed and selected at this level, thereby reducing the
“amount of signalling from and to other parts of fhe network.
Furthermore where, for example, the base site controlier 6 includes
20 sufficient processing to identify whrch of the three base stations 2a-2¢ has the
strongest: signal from the mobile unit 1, only that fact need be passed to -the
decision. making unit ({typically located .in the mobile switching centre 7)
determinihg whether a handover is to take place. Indeed, where handover is
between base stations handled by the same base site controller the mobile
. 25 switching centre 7 may not need to be involved at all.

'The monitoring equipment 4a-4d performs the collection of bearer
link quality information in the network. This equipment need only. Have limited
functionality. Its function need only be to monitor a particular physical link and
report measurements to the measurement process control unit 5.

30 . The operation of the system of Figure 3 will now be further
described with reference to Flgure 4 which illustrates the system in functional

terms. In particular measurement functionality g’ corresponds to measuring

equipment 4a-4d, processor function Al cerresponds to process controller 5, and
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By arranging for signals to travel by nore than one route probl ems V\/mch

may be caused by faults in the network can be oWbsﬁ@ﬂéhs i f a
signal is received-over a single link e.g.. that 22b and
22e, which 17 may be unreliable, there is no whet her the
data is correct or not, nor 10

tne apphication function C' cdrre§pohds to e.g. the handover function in BSC 6
andfor MSC 7.
Processor A' has three modules, as illustrated in Figure 4: an
instruct and receive module 10, a processing module 11, and an external interface
.5 module 12. Instruct and receive module 10 is in direct communication with fhe
measurement fun;tionallity B'. This module receives measurement data from the
measurement functionality B', and is configured to recognise data streams as they
come in and convert them into a standard format. Conversely, it also receives
signals from the processing modqle 11 and converts them: into instruction signals
10 recognisable by the individual measuring functionalities B_’. The instruct and
receive module 10 has a functional element which is dedicated to a respective
measurement functionality to which it is connected, and which is configured to be
compatible with it. The functional elements of the instruct and receive module 10
required for each measurement functionality B' may be co-located, e.g. in
15 software. Different functional elements may be embodied in common hardware,
for i;stance if each measurement unit 4a-4d is polled in turn by process controller
5 _using time division, the instruct and receive functionality embodied in the
process controller 5 has to translate in turn between the standard processing of
the processing module 11 and the format required by the measuring function B.
20 This requires the instruct and receive module 10 to be configured in each time slot
for the message format used b\; the individual measurement functionality. B'. The
term "elément" must thus be understood to embrace any function or combination
of functions by which the instruct and receive module can be implemented, and
correspondingly the physical realisation of the elements, modules and units can be
25 by any means, with parts shared or not.

The processing module 11 handles control signals from the external
interface module 12 (to be discussed below}, and also processes measurement
parametears received in a standardised format from the instruct and receive module
10. The processing module 11 controls, through instruct and receive module 10,

30 the measurement function 81, and also performs any.control actions required. In
response to a request for data from the application C' received via external
interface module 12, the processing module 11 sends an instruction to the instruct

and receive module 10 to collect data from the individual measurement function
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IS there any 1§Of correctlng it even if it is known to be incorrect,
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and 22e, the.s

acgict i on protocols requiring extra bits in the
signals froma second |ink between nodes 22c -
conpared, and if they are identical there :

wi |l thus be greater certa| nty that the data stream has not been corrupted.
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30

been received back at the instruct and receive module 10, and translated back into
the common processing format by that module, the processing module 11
performs formatting and/or other processes such as for example an average over a
given time period or a mathematical function of .one or more of. the parameters
received from the measurement functions B'. As a particular examplle, the.
processor Al may- compare the signal strengths measured by the measurem.er'\t
functionality B' associated with (three) candidate base stations {4a-4c) from which
daté was requested, and return a signal to the handover application c', via the
external interface 12, giving the identity of the base station 4b having the
strongest signal. In this example, the absolute values of the signals are not sent
via the external interface module 12 to the application c'.

The external interface 12 sends data signals to and from the
application C'. In the case of handover determination this application c' is the
network control function responsible for handover.  The function itself sends
signals via the external interface module 12, in a standard form, to instruct the
processing module 11 to send start, or stop signals, or a request for data to
measurement functions B'. The network control function C' also receives data
from the measurement functions B’ by way of the process unit A,

‘The measurements may be made for a contmuous period, or a single
lnstantaneous measurement may be required. The instructions to be sent from the
application C' to the process control function Al will obviously differ in these two
cases. Similarly, it the result required.is, for example, a time average, then the
procesé control module 11 provides proceﬁsing and storage and the time averaged
result is transmitted to the measurement control application c! perfodically. In

these circumstances the process control module 11 includes, functionally, a data

- buffer to store the data while these time averages, trends, etc. are being

calculated.

| The network may include many different designs of switches and
miobile units, each with its own measurement functions and physical realisation.
The measurement control function A’ provid_es a way of intelligently 'in_terfacing

these measurement systems with one network management measurement
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10 paths. For exanple, with three paths should a binary digit i n one- of

the bit streans differ fromthe correspondi fg;sdj i fiash h of the other
two then it can be assuned that the two identlls ﬁas‘l‘Bgen Clacreg correct and
the third one is wong. The functionality deﬂf{ mlﬂ)m[ _

| | g8

| | ows both
di versity over the air interface, where B2no 22a) may be in

contact with nmore than one 15 base station (22b, 22c, 22d) sinultaneously,
o e OB o TP R P B cB B B AT Bk e
shoul d ther erdagits N&#!f thieC bPdYessinpast (el Mleaddl@ment data passed to the handover
application C' so that handover decisions can be made. Where the physical
realisation 6f the ;;rocessing functionality Al is located in the base stations 2a-2c
8§ the quantity of data carried by the bearer links 3a-3c is reduced.

The measurement control function may be used for other purposes
than"handover. - For exampie, measurements may be required for fault monitoring,
statistical analysis for future traffic planning, billing, etc. The external interface 12
is configufed to respond to signals from any 5uch.ap;._>lication platforms.

10 Differgnt measurement functions B' may be capable of making
différent measurements. Such differences are handled by the instruct and receive
module 10 of the processing unit Al in order to provide a common data standard
for the use of the network application. ' |

In one variation of this embodiment the individual measurement

15 func_tions B' have very limited functionality. They operate constantly, monitoring a
property of the system. On a request from the process control function Al the
cu-rrent value of the data is reported back to the process control function A'. The
decision as to which data is passed on to the application c' is taken by the
process control A' acting in response to instructions ffom the applications c'.

20 Figure 12, 13 and 14 are flow charts illustrating the data flows taking
place within the system of Figures 3 and 4. In this example the high-level
applicatir:m (C'} is a handover control.

| Two message formats are available to the external application .C":
"Measure request” and "Measure response”
25 1) "M rer _
This message is passed from the handover control C' to the external interface 12
and has fields specifying:
- the parameter(s) to be measured {(in this case the bit error ratio BER),
- the algorithm to be applied to measurements {either ALGA: provide an

30 average value of the parameter and the ch'ange in that value; or ALGB: provide

averaged value of the measured parameter when parameter drops below 50%

original value),
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required S|gnal to be sent: over any single bearer, it is possible to use

several paths 'EnscShee@H acity and each handl ing part of the data

stream 20 ‘“m “l h node there is a multicasting and/or

conbining unit. roll.ed by a process unit described bel ow. -
his allows greater diversity W|th| n thgaystemas nmulticasting is

avai | abl e throughout the network i nstead of onl y at predeterm ned contr ol

points as is possible with existin r rangemnment I
P o oo S Gl B " BT B L M 915 P Vil
mul ticasti ngAdneémg BirBguédtneiprovides RBpEARAVRLE thesbIBErithn beovides a result),

- the time between measurement reports if apphcable (TIME).

5 2) "M rer nse". _

" This message passes from the external interface 12 to the handover control c' and
contains result parameters from the measufement algorithm in the processing block
in the form specified in the request message. The response message is sent at
intervals depending upon the contents of the request message.

10 Figure 12 illustrates the operation of the embodiment of figures 3 and 4
for measurement reporting at regular intervals when the remote measurement
functionality only sends out measurements when requested. The process

" controller 5 must therefore respond to a single request from the handover control

- ¢! for periodic data, by sending periodic requests for data to the measurement

15 functionality 4.

The control application ‘CY, in this case the handover control application,
sends a measurement request 101 asking for the Bit Error Rate (BER) to be
measured. Algorithm A is to be used, in which regular reports are to be sent from
the processing module 11 ‘at time intervals of TIME between messages. The

20 processing module is informed about ‘what processes it has to perform by
primitives 102 from the external i__nterfac'e m-odule 12. The processing module 11
then operates the required algorithm, starts to gather measurement information
and when ready sends the.'pre'ﬁrocessed information 103a back to the external
interface 12 which in turn sends information.104a to the requesting control

25 application C'. When the processing module 11 requires information from
measurement functionality 4. it issues a REPORT primitive 105, 105a containing
information about what is requ'ired- to be measured, to the instruct and receive
module 10. The instruct and receive module 10, then sends a report request
message 106 in a format that will be recognised by the remote measurement

30 functlonahty 4, In this case the format will be very simpie as the ‘measurement
functionality 4 is assumed to be only 'on’ or 'off’, measuring only BER and then
returning it immediately in a Report response message 107. On receipt of this

message by the instruct and receive module 10, the module issues a RESP
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three types. Wthin each base station 22b, 22c, base site controller 22e,
and at the central nobile switching centre zzyn;sheetmsaamema:ed and

multicasting unit 21a, b, ¢ which has the cap eiving
instructions fromthe processing unit 24 in t hing centre
229, to set up any bearer links that ar quw re these units 21
a, 21b, 21c are i nt egr al parts of the ba e statlons thelr node of

operation, and t Ny f.or mat ol ved _var romunit,.to
ot pet - uBtmie 785 et Rat B e A ri R e PRBTIATPY in.g
may be sent osAdaedofmbed |TH‘S<%rdtzéS%ﬁg frhedié he1 Piseees Sfubthel NepoR? request

primiﬁves 105a etc. which are responded to in a similar manner (108a, 107a,
108a). The procesé_ing module 11 then performs Algorithm A on the data and after

-5 time TIME has elapsed sends a Measureresp primitive 103a to the external
interface module 12. The external interface module 12 returns the results of the
measurement process to the application C1 (Handover Control in this case) in a
standard format {in this case BER and the change in BER {CBER)). The processing
module 11 continues perfornﬁing the measurement process 105b/c, 106b/c,

10 | 107b/c, 108b/c, 103b until instructed otherwise by receipt of a primitive 110
relating to a biank Measure' request 109 received by the external interface module
12 | | |

- Figure 13 iliusfrates the operation of the embodiment of figures 3 and 4
| for generating a measurement report only when the measured parameter changes

15" by 50%. This would be useful, for example to provide a trigger to initiate a
hanéover process. As in the first ekample the remote measurement functionality 4
on-ly sends out measurements when requested. This illustrates how the same
measurement functionality 4 can be made to supply application process
functionality C' having different requirements.

20 . The handover control application C! sends message 201 which asks for
the Received Signal Level {(RXLEV) to be measured, and Algorithm B to be used.
Regular .reports are not required to be sent from the processing module, as
indicated by the absence of the RR parameter.

The processing module 11 is informed about what processes it has to

25 perform by primitives 202 from the _external'interface module 12. The processing
module 11 then operates the required algorithm, starts to gather measurement
iﬁformation and when ready sends the preprocessed information 203, 204 back to
the raquesting control application. When the processing module 11 requires
information from measurement functionality 3 it issUes REPORT primitives, 205,

30 205a, 205b, 205¢, containing information about what is required to be measured,
to the instruét and receive module 10. In response, the instruct and receive
module 10 then sends Report request messages 106, 106a, 106b, 106c in a

format that will be recognised by the remote measurement functionality 4. In this
This is the replacement sheet
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18 The nulticasting units 21 a, b, ¢ each take one |ogical inconm ng channel
and distri bamesnéeﬁ{smgﬁaie;ilil@done or nore |logical channels in real tine. In

order to perf : ng the unit must have information about the
i ncom ng | ogi ich is to be distributed and to which | ogical
channel s it shou 15

case the format will be again relatively simple in that the measurement
functionality 4 is éssumed to be only 'on' or 'off', measuring only BER and
returning it at a set interval in a Report response message 107, 107a, 107b, 107c.
On receipt of t’hes.e messages by the instruct and receive module 10, the module
5 issues RESP primitives 208, 208a, 208b, 208¢, to the processing module carrying
~the mea_sured parameter in a standard format. The processing module 11 performs
the Algorithm B on the data and when the value of the measured parameter has
changed by more than 50% the processing module 11 sends a Measureresp
primitive 203 to the external interface module 12. The external interface module

10 12 returns the results of the measurement process to the calling application
(Handover Control in this case) in a standard format (in this case RXLEV) 204.

It will be seen that handover controls C' having different measurement
requirements (Figures 5 and 6), can nevertheless interface with the same
measurement functionality 4. .

15 ~ Figure 14 illustrat_es_Ehg'operation of the embodiment of figures 3 and 4
for measurement reporting when the remote measurement functionality sends
measurements at regular intervals.

Corhparis'on- with Figure 12 will illustrate how different measurement
functionalities 4, 4a can be used to supply the same application process

20 functionality. _

As in the embodiment of Figure 12, the handover cdntrol application, c',
sends a-request 101 asking for the Bit Error Rate. (BER) to be measured, using
Algorithm A,. with regular reports to be sent from the processing module at time
intervals of TIME bétween m'essagés. The processing module 11 is informed about

25. what processes it has to performs by primitives 102 from the external interface
module 12. The processing module 11 then operates the required algorithm A,
starts to g.ather measurement information and when ready sends the preprocessed
information back to the requesting control app!icatidn 103a, 104a, 103b, 104b.
When the processing module 11 requires information from the heasurement

30 functionality 4a it issues a report primitive 305, containing information about what.
is required to be measured, to the instruct and receive mbdule 10. The instruct
and receive module 10 then sends a Report request message 306 in a format that

will be recognised by the remote measurement functionality 4a. In this case the
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S distributed. The conbiner unit perforns the converse. It conbines several
| ogi cal channel s-onto one | ogical channel. TH'hSlteetdhsrheen ni l@gad may take the

form of selective conbination, in which the he i ncom ng

| ogi cal channels are conpared and the trans ﬂ'l m epends on the
respective qualities of the signals. 101¢

mul ti casting/conmbining functional units do not need to be |located at t he

SETS POLNY bl il b SR Ao CORSH R o TR B Bl
assumnd to be only ‘on' or 'off', measuring only BER and returning it at a set
interval in a Repor‘ response message 307, 307a to 307g (thlS is the difference
between this example and that in Figure 12 -and serves to illustrate that d:fferent

5 ‘measurement functionality 4, 4a can be used to perf.orm a task using the same
_ measurement reqﬁest 101 from handover control C' and returning the data in the
same format 104a, 104b). On receipt o."the'messages_307 by the instruct and
receive module 4a, the_hodule issues a RESP primitive 308 to the processing
module 11 carrying the measured parameter in a standard format. The processing
10 module performs the Algorithm A on the data and after time TIME has elapsed
sends a Measureresp primitive 103a, 103b to the external interface module 12.
The external irﬁerféce module 12 returns the results of the measurement process
to the Handover Control C' in a standard format {in this case BER and the change
in BER (CBER 104a, 104b)). The processing module 11 continues performing the
15 me?surement process until instructed otherwise by receipt of a primitive 110
relating to a blank Measure request 109 received by the external interface module
Ci as for the arrangement of Figure 12. The processing module 11 will then issue
a CIdsé primitive 311 that will be used by the instruct and receive module to
generate a measurement functionality specific close message 312 instructing the -
20 module to terminate the module's measurement collection process.
o A third embodiment of this invention is a communications system
having a'multicasting and/or combining function. As shown topologically in figure
5, nodes 22a-22g are distributed throughout a network 20. An incoming signal to
a network node e.g.. 22e can be forwarded to more than one further node 22b,
25 22c li.e. multicasﬁng) or conversely two incoming signals having arrived at the
same point 22e by difierent routes {from 22b, 22c¢) can be combined together for .
onward transmission. In a mobile radio system the air interface may form one or
more of the bearer links so that a mobile unit, (e.g. 222} can be linked with more
than one base station (22b, 22¢, 22d) simultanem.-ély. The combining and splitting
30 functions need not take place at the air interface, e.g. nodes 22e, 22g.
By arranging for signals to travel by more than one route problems
which may be caused by faults in the network can be overcome. For example, if a

signal is received over a single link e.g.. that between nodes 22b and 22e, which
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| arge part of the network. If no one routing has sufficient capacity for

the required serhEsh laggdrt 5 of the traffic (e.g. alternate
ti mesl ots) can be i fferent routes and conbi ned at the
destination. The o e system of Figure 7 will now be further

described with reference to Figure 6 whitgh illustrates the systemin
functional terns. In particular, conbining and nulticasting functionality

B . ' | L] t it - C, d
Punct1 on AL SR B8 i Qe dheE s T e 5611 e iop osfa b RerPeit i s, nay
function Al ds theretargl vaysofi cortettiag ipeves if iCORHGWARLI BWincorrect, other than by

using error correction protocols requiring extra bits in the bit stream. By also

receiving signals fl:om a second link between nodes 22c and 22e, the signals can

5 be compared, and if they are identical there will thus be greater certainty that the

~ data stream has not been corrupted. If they are different then error correction
processing cah request a repeat of that parf of the bit stream. .

Weighting factors cé’n be introduced if it is known that one link is

more reliable than another. Other possibilities occur with a greater number of

10 paths. For example, with three p_aths should a binary digit in one of the bit
streams differ from the corresponding digit in each of the other two then it can be

~ assumed that the two identical streams are correct and the third one is wrong.
The functionality described below allows both diversity over the air
interface, where a mobile unit {e.g. 22a) rhay be in contact with more than one

15 base station (22b, 22c, 22d) simuiltaneously, and also diversity across the
network, allowing routing over a plurality of (paraliel} bearer paths. Another
advantage of such diversity is that should there be insufficient capacity for the
required signal to be sent over any single bearer, it is possible to use several paths
each of lower capacity and each handling part of the data stream.

20 At each node there is a multicasting and/or combining unit. These
are controlled by a process unit described .beIOW‘_ This allows greater diversity
within tr;e system as multicésting is _avaiiable throughout the network instead of
only at predetermined control points as is possible with existing arrangements.

‘ Figure 7 shows a physical -realisétion of this embodiment in a mobile

25 radio network. - The multicasting/ combining function is carried out using units of
th{ee types. Within each'basé station 22b, 22c, base site controller 22e, and at '
the central mobile switching centre 22g, is a combiner and multicasting unit 21a,
b, ¢ which has the capability, on receiving instructions from the processing unit
24 in the mobile switching centre 22g, to set up any bearer links that are 'required.

30 Since these units 21a, 21b, 21c¢ are integral parts of the base stations, their mode
of operation, and the data handling fqrmats involved, will vary from unit to unit.
Instructions to them may be sent over the bearer network itself, or may be sent
over dedicated links direct from the procéssing unit 24.

' This i the replscement sheat
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W th The conbiner and nulticasting functi onal ity Blerr] is an
I NSt I oigd shadi tiad BeeRpBcdOduUl e 25. This receives data fromeach nmulticasting

functi b, ¢) and translates all such received data into a
si ngl eiﬂ Emll mll La format that can be handled by a processing nodul e
26. Co ctions fromthe prodéssing 25 nodul e 26 are handl ed
by the instruct-and-receive nodule 25 and converted into formats which can
be handl ed by the individual cominer and nulticasting units 21 a,b,c. The

i nstruct and recei ve ndfal @ulticasting ynitsc 2il an bofeeath igke rpne logical incoming
channel and distribute the signal to one or more logical channels in rea! time. In

order to perform multicasting the unit must have information about the incoming
logical channel which is to be distfibuted and to which logical channels it should be

5 distributed. The combiner unit performs the converse. It combines several logical
channels onto one logical channel. This combination may take the form of
selective combination, in which the signals from the incoming logical channels are
compared and the transmitted result depends on the respective qualities of the
signals. .

10 - ' The multicasting/combining functional units do .not need to .be
located at the.' same point as the multicasting and combiner application process
unit 24, which can control mu_ltic'asting and combiner units 21a,b,c throughout a
large part of the network. If no one routing has sufficient capacity for the required
service, different parts of the traffic (e.g. alternate timeslots) can be sent over

16 different routes and combined at the destination.

i The oberation of- the system of Figure 7 will now be further
described with reference to Figuré 6 which illustrates the system in. functional
terms. In particular, combining and multicasting functionality g'! corresponds to
combiner/multicast units 21a-c, and processor function A"_ corresponds to process

20 controller 24.. The processing function A.11 itself is in three parts. Communicating
with the - combiner and multicasting functionality B'' is an instruct-and-receive
module é5. This receives data from each multicasting functionality (21a, b, ¢) and
translates all such received data into a single processing data format that can be
handled by a processing module 26. Conversely instructions from the processing

25 module 26 are handled by the instruct-and-receive module 25 and converted into
formats which can be handled by the individual combiner and multicasting units
21a,b,c.

The instruct and receive module 25 is a function operating in -
accordance with the combiner and multicasting function B'' with which it

30 communicates. A separate element of the unit 25 handles the format specific 10
each multicasting function 21a,b,c. These elements may be time slots in the
operating - sequence or data streams carrying addresses associated with the
individuél units. The signals sent from the combiner and multicasting unit B' to
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accordance with the conbiner and nulticasting function B[err] with which it
30 communicates. A separate el enent of the unit 25 handl es Thix&ShéeDH&EMeen Replaced

specific to each multicasting function 2l1la,b,c. These el enent [
slots in the operating sequence or data streans carrying addr mgmnmy I,
associated with the individual units: The signals sent fromt
and nmulticasting unit Blerr] to 19 :

the processing unit A include confirmation that instructions sent to the units B'"
have been successfully carried out, or error messages to indicate that the
instruction has failed for some reason. Such a message might be that the unit
21a,b,c corresponc.ﬁng with the function B'! has all its connections in use.and no
5 further connections can be made. = An associated application c™ sends
instructions to the process cont"rdI unit AV Jequiring the addition of a new path, or
the release of a path which is no longer required, for example because the call has
terminated or because a handover has'taken pléce. Process control unit AY
performs this operation through th_e appropriate combiner/multicaster units 8!, and
10 returns a response to application ch indicating that the requests have been
performed successfully. Error messages are transmitted if this is not the case.

The commands and responses sent between the application c'! and
the external interface'module 28 are the same regardless of which bearer link {and
thus which combiner multicasting units B'') is concerned. The processing unit Al

15 handles any conversions of data format required. This means that the application
c'!' can send signals to the process controller A'' which are identical in all
respects except for the identity of the bearer link to be set up or deleted. It is to
be noted that to set up a bearer link it is necessary to use functionality at the
nodes at each end of that link. Therefore the processing unit A will norrﬁally

20 respond to any instruction from the qpplication platform c™ by sending
instructions to two combining and multicasting functions g™ corresponding to the
nodes 2i a, 21b, 21c required. The selection of these functions can be carried out
in the processing unit A*! or by the zpplication C*'.

The functions of processing unit Al may include the determination

25 -of appropriate timing delays in order that the signals arriving by different routes are
properly synchronised. Since the bearer links may be bf different length, and
particularly if the l;mks involve passing through different numbers of nodes on each
of the two routes, each of which may involve coding delays, then it is unfikely that
the two signals would arrive in synchronisation unless special érrangaments are

30 made to achieve this. . |

The application c!! may require changes to the links arranged in
combiner/multicasting units B'! in response to changss in demand to the system,

in order to maximise the utilisation of the capacity of the network.

This is the replacsment sheet
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h a nessage

m ght be that the unit 21 a, b,c corresponding on B has all
its connections in use and no 5 further czhmnections can be made. An
associated applicatiqon Cerr] _sends instructions tqQ the process control
unit Alerr] requiri nanﬁé“%%'lﬁ f?‘gﬂ- ystemn &0F ﬂél'f'ﬁ’,e' ti’??éerf ’?aé%q‘ﬂ‘?edat?)ath
whi ch is noshgpvgera neshiie’ @fic Al 9¥FTRL ehBesighdieqidity Chbhgd i tresBrat g5l or
because a handover has taken place. Process control unit Alerr]

moveament of the mobile unit. : o

the processing unit A[err'] i nclude confirmatiga &hat, Jdst kdifabdgons sent to
the units B[err] have been successfully carrie nmessages to
indicate that the instruction has failed for s l]“%:mlm [:

The mobility application function C'* consequently ins.tructs process
§ control unit A'? to change the nurﬁber of bearer paths, usually in response to a '

detection of a decline in quality 6f the existing interface .fink. The mobility

“application platform C'* may therefore instruct the process control unit A'" to add

a second bearer !_ink taking an alternative route in order to improve the reliability of

the link should the quality of the signal over the first link drop below a certain

10 level. However, the . opportunities for multicasting and dombining paths are

obviously greater when there is a small amount of traffic on the system.

Therefore, if the traffic level increases it may be necessary for the mobility

multicasting function C™ to reduce the number of paths used by a particular call in

order to allow the increased traffic to use the systam. This means that for the

15 existing call there may be a drop in the quality of the link, but this is necessary in

orqer to handle all the traffic required at peak times. Conversely, if the amount of

traffic falls then more bearer finks become free and can be re-allocatad to increase

diversity for the remaining calls.

Multicasting and combining, although the functions are

20 complementary, may exist as separate functions in one or more units not

necessarily even at the same location. For a call in which data is trave‘liing in both

diractions it is obviousily necessary to have common natwork terminations, but it is

 possible for the two directions of data flow to pass over guite different

combinations of bearers, so that the upstream and downstream paths or plurality

25" of paths are not coincident e.g. in Fig S up via nodes 223, 22b, 22e, 22g; and

down via nodes 22g, 22§, 22d, 22a. However, .in' 8 more typical caée, a

multicasting unit in the upstream dirsction carresponds topologically with 2
combining unit in a downstream direction and vice versa. '

A fourth embodiment, shown in figures 8 and 8, provides a

communication system with a bridging function. Figure @ shows the arrangement

(3]
O

the physical realisation of this embodiment in a mobile radio network. In selected
switcéhing nodes 32a of the network, and also in base stations 372, 37b, there are

bridging units 3Ta;b,c which allow links to be set up betwesn bearers. According
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perfornms this operah—eﬁ—t—heeugh—t—he—approprl ate conbiner/mul ti cast er units
Blerr], and 10 yens esponse . to application CJerr] indicating that

t he requests have ac§?1|ccessfully Error nmessages are
transmtted if th% ﬁ iﬂ The conmands and responses sent

bet ween the applic d the expernal interface nodule 28 are the

sane regardl ess of which bearer |link (and thus which conmbiner nulticasting
units Blerr]) is concerned. The processing unit Alerr] 15 handl es any

conver st onsylyghBoldrR! by SRNGAY 1o 1o I BABRCA HBSAR RAUdRAE! ]

can send S|gn stot ess roller A are |
be physically separate, bridging can be provided at points in the network where

there is no control intelligence.
Accerding to this embodiment, by arranging for the intelligence and
5 the function controlled by the intelligence to by physically eeparate, bridging can
b‘= provrded at points in the network where there is no control intelligence.
Figure 8 shows the functional re!at:or'shlps between the various
elements of the embodiment. _
in this figure, two applications C'"' make use of the'bridging
10 funetions. These applications both send instructions to set up bridging links to

11 which ‘processes the instructions and pasees them to the

111

processor unit A’
appropriate bridging functions.Bm. The processor unit A comprises three
modules, an external interface 33 for handling incoming signals from applications
C'", and if necessary converting them to a common format, a processing module
15 35 for allocating the signals to the appropriate bridging units, and an instruct and
receive module 36 for formatting and transmiitting the processed signals to the
bridging unit. _
~ An application C'"* which requires the use of the bridging control
function can communicate With the external interface module 33 of the processing
20 unit A'"'. Such applications may include handover or conference bridging. These
two ap'plications are quite different in the way that theay operate.

Handover happens automatically as a result of changes in signal
quality measured between a mobile unit and the base stations nearest to it. As the
quality declines from one base station and increases at the next base station a

25 decision is taken by the handover applicaticn platiorm that the mobile units
communication should be handed over from the first base station to the second. In
preparation for this a “bridge" is set up between the existing base station-te-
network link and the new base station-to-network link. Therefore when the
decision to handover is made there is then no delay in establishing the new link. In

30 this embodiment handover is treated as a discrete event.  This is a simple case
and assumes that diversity, as described in the previous embodiment is net also

being used. However, the diversity of the previous embodiment could be
This is the replecermeni sheet
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respects except for the identity of the bearer link to be set up or
del et ed. |t ThisSheet Hye¢BevnReglacehat to set up a bearer link it is necessary to
use functionﬁl “i[m des at each end of that link. Therefore the

i

processing u IHHMHI norrmal ly-20 respond to any instruction from
the application pla err] by sendi ®ginstructions to two conbining
and rmulticasting functions B[err] corresponding to the nodes 21 .a, 21 b, 21
c required. The  select 'horh,of _tcﬂgge fuglqcsé{ipons can be carpied out in the
processi ng (FAMOIREE Withothig, briqaing, am PBh tey RPVide $nhesahiapAeyRs” owhere
processi ng WidaidbRy FdceRRY frohl B (AR JHRiYsEIsRAIdrOR a time but |

different weightings are given to the signals depending on the quality of each

signal.

5 The functions B''' must be capable of operation as part of different
network elements_.. and therefore have different formats for their operating
instructions.  Signals are sent to the individual functional units B''' giving

instructions to them as to the connections to be made. The bridging function '

111 10 confirm that the instructions

send information back to the processing unit A
10 have been performed or have failed. These signals are converted into a standard
format within the instruct and receive module 36 of the processing unit A'"'. The
external interface module 33 of the processing unit AT may communicate with
more than one application Cm for example with 2 handover applfcation and a
conference bridging application. These may themselves each have their own data
15 formats. Data in these formats is converted by the interface module 33 into a
common format for processing. The processing module 35 within the processing

unit 34 converts the instructions from one of the applications c'

11t

to set up
bridges into instructions to be sent to the bridging function B This process
includes the selection of which of the physical units 31a,b,c are to be used to set
20 up the individual bridge. Processing unit A" alss sends instructions specifying
the bandwidth . required in the bridge, and receives information back from the

bridging function g'!t

if for any reason a bridge cannot be set up as required.
Figure 8 shows a mobile radio.r_aet\,vork having a bridging process
control unit 34 located in a8 mobile switching cenire 40 and bridging units 31a.
25 31b, 31c, which may be ‘at any point at a lower functional level in the network
e.g. base site control units 32 or base stations 37. For handovers the use of &
bridging unit 31a in the base site controi unit 32 aliow a mobile to be connected o
two base stations 37a, 37b simultaneously, faciiitating handover. "This ensures
that no data is lost during the handover. Once the bridge is established in the base
30 site controller 32 and it is confirmed both that ths bridge is in place and data is

being received from the mobile unit through the new base station 37b, the first

- base’'station 37a can be released. Were such a bridging function not available, the

This is the replacement sheat
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25 of appropriate timng delays in order that the signals arriving by
different routes are properly synchroni sed. Sm Sheliifas BRARSJIackd Nks may be

of different length, and particularly if the |i ssi ng through
di fferent nunbers of nodes on each of the two rm%llmgwﬂ whi ch may

i nvol ve coding delays, then it is unlikelysthat | s woul d

ar th| ve | nhsynchLoni sation unless special arrangenents are 30 made to
achieve this e _ap |ca nay, ui re .changes_to_t

T anged i n ShOBRBRTRAT RIASPHG ver b Eiee FefQROT T brbRoingh 068 new
demand to t heasaVsib@oh 37b is effectively linked to the mobile unit.

A difference between the simple conference bridging function and

multicasting is that in multicasting all paths eventually reach the same destination

"

and the signal is combined, whilst in conference bridging the paths all end at
different places and the signals are carried in their entirety to each location.
However, the two functions may be combined with each bridged path itself being
split and combihed. Moreover, both multicasting and bridging may be used in
providing "soft h.andover". For the bridging functionality the mobile unit, as seen
10 from different base stations during handover, is considered to be two separate
terminations, but in terms of the muiticasting funcfionality it is a combining and
multicasting node.

In all of the described embodiments the basic functions, e.g.
controlling switching measurement and other functions required of the network are
15 built in at the place where the function is required. The operating parameters of
these functions are compatible with the equipment at that location, but are for this
reason different from the parameters of other functions. That is to say, because
the'equipment controlled at different locations in the network is itself different, the
control functions are different. Similarly, the applications e.g. services or service
20 elements which control such operations as handover, bridging, macro diversity,
etc. are not necessarily fully compatible with each other or with the basic network
functioné-. They may also be located at different places in the network. Process
control functions provide the necessary interface in order to allow the basic
network functions to be as simple as possible, (decision making being transferred
25 elsewhere in the network). ' The processing control unit includes an interface
module in order to convert the formats of the signalling data rsceived from the
basic network functions into a common format which can be handled by the
" processing module itseif. The processing module interprets the instructions from
the application and determines.what instructions need to be sent to the basic

30 network functions. .
The operation of the invention will now be described with reference
to Figures 15 to 20. Figures 15, 16 and 17 illustrate three possible changeovers

which can be effected in a simple diversity control system.
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in order to maximse the utiTisation of the capacity of the network. '20
In a nobile radi o BkSh&iHastHiS @ﬁ r of bearer links required to support. a

nobile unit may var qual i ty changes in response to novenent
of the nobile unit. ,”

Figures 18, 19 and 20 are flow charts illustrating the data flows:

taking place within the system of Figures 6 and 7 in order to control the system of
figures 15,16, and- 17. In this system bridging functionality is used to provide the
extra connections r.equired for the muilticasting and combining functions.

5 In each of Figures 15, 16 and 17 the left hand part shows the initial

state and the right hand part the final, deszred state.

) In Figure 15 a connnctton between points A and B (Iﬂg 1d1, leg 1d2)
is to be released, leaving a single connection (leg Id3, leg Id4} between thos'e
points. Conversely in Figure 16 a second connection leg Id3, leg Id4 is to be

10 added to an existing connection (leg lld1, leg 1id2).

In Figure 17 a second connection leg Id 1 is added in paraliel to an existing
bearer link leg Id2 between the same two nodes B, C thus adding a fink to an
existing group.

Six message formats are available to external application c'.

15 These messages set up "bridges” between bearer links in order to allow
combinihg and multicasting to take place. Thus in this embodiment the combiner
an-d multicasting units 21a, 21b, 21c have bridging functionality. A bridge is
required if more than two nodes are inte_rconnet:ted: a simple point-to- point link
between two nodes uses only one bearer link and nesds no bridging functionality.

20 The six message formats are:

1) : "Se P

;l'his message instructs the processing fnodu!e 26 to form a new bridging
group. This message has parameters specifying the constituent legs that form the
bridging group and specifies the incoming and outgoing Iegs It also identifies the

25 type of bridging to be parformed (i.e. selective combining active path, etc.). '

2) "Se Pr nse”. _

This meséage raturns aérouo ID (GRP Id} which identifies the bridging

group and the status of the bridging group (i.e. active).
3} "Add-Leg request”.

30 This message instructs the processing module 28 to control the addition of

an additional leg to an existing bridging group. This message has parameters

indicating the leg that should be added to the bridging group (Leg ID} and two legs
to which the identified leg should be connected and the identity of the bridging

Thia is the repiscement sheat
1 8 DEC W%

Diniee



The nmobility application function C consequently instructs process 5
control unit Alerr] to change the nunber of bearer paths, llﬁiklﬂieht)ﬂakﬁeenRemlaced

response to a detection of a decline in quality of the existj
link. The nobility application platform Cerr] may thereforMﬂ mlﬁﬂll
process control unit Alerr] to add a secoiyl bearer |ink taki
alternative route in order to inprove the rellablllty of the Iink should
t he quallty of t er the first w a,certain 1
| evel o8 18R B0 prd-aSsihh e 4 ShRRa TS HoeE e ot hpipdoes: o
obvi ously graﬁ‘ﬂt@ﬁs WREI AT fhel I8g@uidtBbiuitBriddin@f traffic on the system
4} "Add-Lea response”.

This response is a Status parameter indicating whether the procedure is

successful.

5) ” leteleo r +".

o

. This message instructs the processing module 26 to control the deletion of
a leg, identified by the Iég ID, irom the bridging group, identified by the GRP ID. if
the group consequently ceases to exist the group will be deleted.
10
6) "Deleteleg r
The response indicates whether the operation has been successful and
whether the _bridgihg group siill exists.
rigure 18 shows the operation of the embodiment of figures 6 and 7
15 to delete a leg from a bridging group.- As shown in Figure 15, the control
application requires the dropping of one of the two links between point A and B.
The control application c'', in this case the handover control
application, sends message 401 for the deletion of a leg or legs, Legld 1, from
bridging group GRPID {214, 21¢). The processing unit 26 is informed about what
20 procedure it has to perform, in this case the deletion of a leg from the bridging
group, by primitive 402 from the external interface module 28. .The processing
module 26 then proceeds to delete the leg by contacting each of the remote
bridging units 21a, 21c. in turn by messages 403a, 404a and 403b, 404b
respectively and deleting relevant legs from the remote bridging units. [f one
25 active leg is deleted from a path, in the example Legld 1 then the al'gorithm in the
processing moduie 28 will also delste any associatad legs that have become
unused, in the example Legld 2 (see Figure 15). When the processing module 26
requires to delete a leg from the bridge controlied by the remote bridge
fuhctionality Z1a, 21c it transmits to the instruct and receive module 25 a REL
30 primitive, 4032, containing information about the Legld to be deleted and a local
identifier uniquely identifying the bridge at the node. The instruct and receiver
module then sends a Release request message 404z, in a format that will be

recognised by the remote bridging functionality. In this case the format will be
This is the replacement sheet
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Therefore, if the traffic level increases it Tmay be necessary for the
mobility nulticasting function Cferr] to redqggsﬁggqugqggggq{re 18ded pat hs used by
a particular call in order to allow the i ncre use the
system This nmeans that for the 15 existi ng be a drop in
the quality of the link, but this is necmary andle all the
traffic required at peak times. Conversely, if the am)unt of traffic falls
then nore be Mo

e oty PeRifiveh) 3RS ORR ook RRGBRALT P “?%%%n%'ﬁw%?@@%s?ﬁ%%gh
the functi ofrsm abeidge and if the bridge then only has one leg coming in and one leg coming

out (i.e. there is only one bearer link remaining so the bridge is no longer required)
the bridge is deleted. The response message 405a indicates whether the bridging
5 functionality is still active. On receipt of this message by the instruct and receive
module 25, the module issues a RES primitive 4082 carrying the status to the
processing modeie 26. The processing module 28 then continuss to delete any
other legs from bridges controlled by other bridgihg functionality (In the example
Combiner 21c¢) using messages' 403b, 404b, 405b, 406b. When the processing
10 functionality 26 has completed deleting legs from bridges it returns a deiresp
primitive 407 to the external interface module 28 indicating which legs have been
deleted (LeglD1, LegiD2) and the overall status {Status parameter) of the bridging
group. The external interface module issues a SetupGrP response 408 containing

the parameters includes in the delresp primitive.
15 Figure 19 shows the operation of the embodiment of figures 6 and 7

- to create a new bridging group. The control application, in this case the handover
cc;ntrol application C11, asks for the setting up of a bridging group between points
A and B (Figure 16) consisting of the identified legs (LegIDIN,LegID1, LeglD2,
LeglD3, LeglD4, LEGIDOUT).This is transmitted in-a request message 501.

20 The processing module 286 is informed about what procedure it has
perform, in this case ths creation of a bridging group from a collection of.!.egs, by a
primitive 502 from the external interface moduls 28. The processing module 26
then proceeds to creaie bridges, controlled by bridging functionality, 21a, 21b, 21¢
at nodes where the processing module 26 calculates bridging needs to created.

25 When the processing module 28 requires to set up a bridge using the remote
bridge functionality 272, 21b, 21c from a group of lzgs it issues to the Instruct-
and-Receive module 23 an ADD primitive 503 conizining information about the
Leglids required to form the remote bridge at a2 nede, to the instruct and receive
module 25. The instruct and receive module 25 then sends a Setup request

30 message 504a in a format that will be recognised by the rsmote bridging
functionality 21a. In this case the format will be again relatively simple in that the
bridging functionality 21b is assumed to simply create a bridge. The format

specifies the legs that are to form a bridge and the type of bridge required. The
This is the replacement sheet
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necessarily even mﬂe iron. For a call in which data is
i s. obvi ously necessary to have conmon

travelling in bot

network termnatio E‘ ossible for the two directions of data
flow to pass over erent conbi nati ons of bearers, so that the
upstreanLandeomnstreanlpaths or plurality 25 of paths are not coincident
e.g. in |g vi a node a, 22b, 2 2001 221
2od, 22a. WBWRASE, e Peragenes e wratne S KRGO ERRT I e
upstream d'erﬁE'dH%r&iHﬁ REPAIEE. t@@@ééajmcai this whdéd3age by th° processmg module

26 carrying the status, the processing module 28 then continues to form any other

20 conpl ement a may exi st as s&parate functions in one or nore units not-

bridges required. {in the example bridging functionality 21b). When the processing
5 module 26 has completed creating bridges it returns a grpsetres primitive 507
continuing a GRPID, allowing simple identification of the bridging group, and the
overall status (Status parameter) of the rﬁessage 508 containing the parameters
present in the grpsetres primitive 507.
Figure 20 illustrates the addition of a leg to an existing bridging
10 group using the embodiment of figures 6 and 7. The control application, in this
case the handover control application, sends a request 601 asking for the addition
of one or more legs, LeglD, to the existing bridging group GRPID. (See Figure 17).
The processing module 26 is informed about what procedure it has to perform, in
the case the addition of a leg to an existing bridging group, by a primitive 602 from
15 the external interface module. The processing module then proceeds to add the
leg(s) by contacting each of the remote bridging units in turn and adding relevant
legs to remote bridging units in forming new bridges. When the processing module
26 requires to add a leg to a bridge controlled by a remote bridge functionality
| 21b, it issues an add primitive 6033 containing information about the Legld to be
20 added and a local identifier uniquely identifying the bridge at the node, to the
instruct and receive module 25. The instruct and recsive module 25 then sends an
Add reqv:Jest message 604a in a format that will be recognised by the remote -
-bridging functionality 21b. In this case the format will be again relatively simple in
that the bridging funcrionality 21b ns assumed to simply add a leg to a bridge and'
25 hence requires only the legld and the local bridgs reference. The response
message 605a indicates the status of the bridge fi.e. active or not active}. On
receipt of this messag.e by the instruct and receive module 25, the module issues
an address primitive 508a to the processing moduie carrying the status. The
processing module then continues to either add new legs to bridges controlled by
30 other bridging functionality 21b or to setup & new bridge (In the example a SETUP
request 604b is sent to bridging functionality 21a). (Messages 603b, 604b, 605b,
608b). When the processing functionality has compieted adding legs to bridges or

creating new bridges it returns a primitive 67 to the external interface module 28

Thig is the replacement sheet

‘pate: 1 8 DEC 1998



conbining unit in a dowmstreamdirection and vice versa. A fourth

enbodi nent, shown in figures 8 and 9, provides ﬁus%ﬁeetﬂs b&edon system
with a bridging function. Figure 9 shows the arr yS|caI
realisation of this enbodinment in a nobile radi o ﬂ Iected

swi tching nodes 32a of the network, and &sso in atlons 37a, 37D,
there are bridging units 3l1a,b,c which allow links to be set up between

bearers. AcCifliifhg the overall status of the add operation. The external interface module
28 issues a Addleg response 608 containing the parameters included in the
primitive 607. B
The emb.odiments described - above are referred to a. cellular
5 telecommunications network in which the traffic-bearing links also carrying the
necessary control signalling to operate the present embodiment. The invention
may be applied to any communications system in which_control and meonitoring
functions are required at points distributed throughout the system. Dedicated
signalling links may be used if the system to which the invenﬁon is applied has no

10 other suitable links' available.
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21 to the enbodi nent, by arranging for the intelligence and the functio_rl It

controls to be physically separate, bridging can be provi ded—at—pornts—n
the network where there is no control intelligence. Accordi 1;1@ 0 '
enbodi ment, by arranging for the intelligence and 5 the func

$ Sheet £ ed
by the intelligence to by physically sepggate, bridging can t”miu mﬁﬁr
points in the network where there is no control intelligence.

CLAIMS

1. A method of operating or controlling a communications system
having functional .eiements and application process elements each controlling a
5 plurality of the functional elements, the method comprising the transmission of
commands by the .app!ication process e_lements- to an interface element the
commands transmitted by the application process elements being independent of
the'type or configuration of the functional elements, and the conversion of said

commands to commands suitable for controlling the functional elements.

10
2. ~ A method according to claim 1 in which two or more of the
functional elements and application process elements use data in different formats
and the processing includes conversion of data generated by one of the elements
into a format appropriate for the eiement or elements for which the data is
15 intended. '

3. A method according to claim 1 or 2 in which at least two of the
functional elements and application process elements use different operating
protocols, and the processing includes translation of incoming data into a protocol

20 suitable for the element or elements for which the data is intended.

4, . A method according to any preceding claim in which the processing

includes addressing signalling packets to individual functional elements.

25 5. A method according to any preceding claim wherein the processing
inciudes the selection of the functional elements and/or application process

slements to which the data flow is to be transmitted.

6. A method according to any precading claim wherein the application
30 process element controls a high level service function and the processing of data

includes the operation of functions in support of the high level service function.

| “!IIIIC, "'IIL, IIIJI "Ilsl " I!Il This is the replacement sheet
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Figure 8 sho tionshi ps between the various el enents of

t he enbodi nent . ). n,t hi igure, two applications Cferr] nake use of the
bridgi ng 10 fuﬁ?ﬁﬁiﬁﬁéﬂfﬂﬂﬁ ﬁ plications both send instructions to set up

bridging links t t Alerr] which processes the instructions
and passes them ate bridgnpg functions B[err]. The processor
unit Alerr] conprises three nodules, an external interface 33 for handling

i ncom ng signals fromapplications Cferr], and if necessary converting them
to a common #ormat, a ﬁrr@@gy.g:[ Agcaratng © claim 6 wherein the processing includes the

setting up of a handover of a user terminal ifrom one network termination to

another.

8. A method according to claim 6 or claim 7 in which the processing

QI

includes the setting up of multicast functions by suitable functional units.
9. A method according to claim 6, 7 or 8 wherein the processing
controls a functional element to combine a plurality of data streams arriving at a

10 node into one outgoing data stream.

10. A method according to claim 9 wherein the processing controls the

synchronisation of the incoming data streams.

15 11. A method according to any of claims 6 to 10 in which the functional

elements include a capability to form bridges between bearer links, wherein the

processing includes the creation and release of such bearer bridges.

12. A method according to claim 11 wherein the processing includes the
20 arrangement of a bridging connection as part of a handover operation of a user

terminal from one network termination to another.

13. A method according to any preceding claim wherein the processing

inciudes the processing of measurement data.

25
14. A method according to claim 13 whsrein the processing includes
mathemartical operations performed on the data irom one or more functional
elements.

30
15. A method according' to claim 14 wherein the processing includes the

calculation of a time average of data received from a network operating function.

* c L M s *
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15 35 for allocating the signals to the appropriate bridgi ng—units,—and—an
I nstruct and receive nodule 36 for formatting and transmtting..t.h
processed signals to the bridging unit. An application C[err] et Has Been Replaced
requires the use of the bridging control function can comuni cat ““l HHI IIl
external interface nodule 33 of the procggsing 20 unit Alerr].

app:ications may i nclude handover or conference bridging. These two
applications are quite different in the way, that the erat ndover
happens aut dfatical 'y As “éF"F@@uPF"%d"\Shéﬁgégk %‘i"ﬁ'ﬁg P wherein the

processing comprises collecting measurement data ‘rom more than one functional

element and performing a comparison between such data.

5 17. A method according to claim 16 wh.érein the measurement data is a

measure of 2 quality of a signal.

18. A method according to ciaim 16 or claim 17 wherein the processing
includes the identification of the functional element from which the measurement

10 value is closest to a predetermined or optimum vaiue.

19. A method accord'ing to any of claims 13 to 18 when dependant on
claim 7, wherein the processing unit uses the measurement data to control
handover of a user terminal from one network termination to another.

15 |
20. A method according | to any preceding claim wherein the

communications system includes one or more mobile units.

21, A method according to claim 20 whnerein the communications

20 systam is a cellular radio system.

22. A method according to any preceding claim wherein the

communications system includes fixed termination points.

25 23, A communications system  comprising a p!uréiity of functional
elements and one or more application process elements for controlling or controlled
oy the functional elements, characterised in that there is provided an intermediate
processor element to interface between one application process element and a
plurality of functional elements, the application process element or elements being

30 configured to generate commands in a form which is not specific to the

. configuration or types of functionél elements, and the intermediate processor
elemént being configured to execute the commands generated by the application

process element by transmitting commands to the functional elements.

MO N B O i e the éplacemant she
* c L L] 1] *

1 8 OEC \96
‘Date: '




qual ity neasured between a nobile unit and the—base stations nearest to it.
As the quality declines fromone base station ra‘. gsﬁe&q{agg&ggﬁged he next

base station a 25 decision is taken by the ha ' on platform
that the nobile units comruni cation should be h m“

the first
base station to the second. In preparatiagp for t s set up

bet ween the existing base station-to- network |ink and the new base
station-to-network link. Therefore when the decision to handover is nmade
there is thed4no del ay A ncesmumiqasionasystaem meaondingto claing023 immdienitvgi aent

handover is &5?@5?thsfuﬂcgéﬁ§re%rﬂeﬁt\éeg'rgd apgﬁuaﬁioi’\Sprgcégsnagﬁeﬁﬁsﬁave different
data protocols, an.d wherein the intermediate processor element has means for
5 converting data signals into the protodol or protocols appropriate to the intended
destination element or e_.lements.
25. A corﬁmunications system according to claim 23 or 24 in which the
intermediate processor element has means for determining in response to a given
10 command from a application element which of a plurality functional elements are

to be operated.

26. - A communications system according to claims 23, 24, or 25 in
which the intermediate processor element has a respective interface sub-element
15 for _each of one or more functional or application process elements, and the
interface sub-elements have means for adapting data into a format suitable for the

respective element.

27. A communications system according to any of claims 23 to 26 in
20 which a common interface sub-element of the intermediate processor comprises
£

means for sending and receiving signals to and from each of a plurality of

functional or application process elements.

28. A communications system according to either one of claims 26 or 27
25 wherein the respective common interface sub-elements for sending data to each
functional and/or application process element has means for providing a data signal

having an address code for the intended functional or application process element.

29. A communications system according to any one of claims 23 to 28

30 having a plurality of application process elements.

0T his i the repiacement shet
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and assunes that diversity, as described in the previous.enbodinent I S not
“al so being used. However, the diversity of t IThisfheertiaoBeen®efled ment coul d
be 22 conbined with this bridging enbodi mantJ umﬂH "soft

handover"™ where signals are received fromnore station at a
30. A communications system according to any one of claims 23 to 29,

ti me but 33

having dedicated signalling links for transmitting signals between the intermediate

processor and the functional elements and the application process elements.

5 31. A communications system according to any one of claims 23 to 30

wherein the system is a telecommunications system.

32. - A communications system according to claim 31 wherein the system
is a cellular radio network.

10
33. _ A communications systerﬁ according to claim 31 or 32 wherein at -
least some signalling links for transmitting signais between the processor function
element and the functional elements and/or tne application elements are provided
by telecommunications links of the network.

15 X
34. A communications system accerding to any one of claims 23 to 33
wherein the functional elements include means for measuring operating

characteristics of the system.

20 35. A communications system according to any one of claims 23 to 34
wherein the functional elements comprise means for creating bridges between

bearer links of the system.

38. A communications system according to any one of claims 23 to 35
25 wherein the functional elements comprise means for multicasting and/or combining

data flows carried by bearer links of the system.

37. A communications system according to any one of claims 23 to 36
having an application process element for control of handover of a mobile terminal

30 from one system termination to another.

This s e reépistement sheet
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different wei ghtingm‘gTTWe signal s depending on the quality of

each signal . + asBeyi‘ fabgdct i ons B[err] nust be capabl e of
operation as part mw& wor k el ements, and therefore have

different formats f ing instructions. Signals are sent to
t he indivi dual funct err] giaing instructions to themas to
t he connections to be made The br| dgi ng function B[err] send information

back to the rocessmg unit Alerr] to confirmthat the inst
have been pét&-orned or AhgRIBMUAIGREANS PHEieM 8Fqaiding t&raé"VCB?R/EF Féd“?ksabt%w

standard having an appiication process element for controlling establishment of conference

bridges.

5 39. A communications system according to any one of claims 23 to 38
having an application process element controlling diversity routing over

communication paths of the system.

40, A communications system according to any of claims 23 to 38

10 wherein the system includes at least one mobile unit.

41, A communications system according to claim 40, wherein the

communications system is a cellular network

15 42. A communicatiohs system according to any of claims 23 to 41,

wherein the communications system includes at least one fixed terminal.

43. An’ intermediate processing unit for a communications system for
cantroliing a number of functlonal elements of the system under the control of or
20 controlled by one or more application process elements of the system comprising
an external interface module for receiving commands from an application 'process
element.in a-form not specific to the configuration or type of the functional
elements, an instruct and receive module for executing the commands so received
and transmitting them to ihe functional elements required to execute the
25 command, and a processor module for processing data passing between the

functional elements and the application process element.

. &4, An intermediate processing unit according to claim 43 in which the
instruct and receive module converts signals between a processing format used by
30 the processing module and individual operating formats used by the individual

functional elements.

~ This is iement sheat
Wy,
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format wthin the instruct and receive nodule 36 of them\
Alerr]. The external interface nmodule 33 of the processi ribhisShest HAFRE] RepldBY

conmuni cate with nore than one application Cferr] for exa
handover application and a conference bridging applicati on y’
t hemsel ves each have their own data 15 khgrmats. Data in thes

converted by the interface nodule 33 into a common format for processing.

The processi ng modul e 35 within the processing unit 34 converts the
i nstructions#$rom one &N intermegintec afacsasing] wnit peeardingt toiclainisdg8soi Midoin

I nstructi ons,hnbgnseHsefulet B8 PlelceN thddtile tdRibrREE " Feand NS RE REERG the

functional elements to or from which signals are to be distributed and/or received.

5 486. An intermediate processing unit according to claim 45 ‘comprising

means for communicating with each functional element sequentially.

47. An intermediate processing unit according to claim 45 in which the
instruct and receive module comprises means for sending messages each with an

10 associated address code corresponding to an individual functional element.

48, An intermediate processing unit according to any one of claims 43 to
47 wherein the external interface module comprises means for converting signals
from the processing module into a format useable by an associated application

15 process element.

* € L M s *
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i ncludes the selection of which of the physical units 31 a,b,c are to be
used to set 20 wup the individual bridge. Processing unit Alerr] also sends
i nstructions specifying the bandwidth required in the bridge, and receives
i nformation back fromthe bridging function Blerr] if for any reason a

bri dge cannot be set up as required. Figére 9 shows a nobil e radi o network
havi ng a bridgi ng process control unit | ocated in a nobile swtching
centre 40 and bridging units 3l1a, 25 31b, 31c, which nay be at any point
at a lower functional level in the network e.g. base S|te control units 32
or base stations 37. For handovers the use of a

7 COMMUNICATIONS SYSTEM

A rethod of operating or controlling a communicatio
5 having functional elements for perfcrming renitoring or
control functions o

function elements, the
‘flowing between the functional elerents and the control

interface betwean these

-
vsing data flow <o and frow
rmethod comprising processing data

function elements to provide an
10 elements.

No Figure

%k%%wwWﬁmN%@i
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bridging unit 31 a in the base site control unit 32 allow a nobile to be
connected to two base stations 37a, 37b sinultaneously,facilitating

handover .
bridge is established in the base 30

This ensures that no data is |ost during the handover.

Once the

confirmed both that the bridge is in pIaoF1 nd data is b

the nobile unit through the new base station 37b,

site controller 32 %heetﬂ-lasBeenRe laced
ei
the fir

37a can be rel eased. Were such a bridging function not avaMa&ﬂ

Fig.1.

)

70 APPLICATION

7 EXTERNAL
INTERFACE

NETWORK
OPERATING
FUNCTION

RECEIVE

- NETWORK
OPERATING

FUNCTION

INSTRUCT AND

NETWORK
OPERATING
FUNCTION
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23 first base station 37a would have to be rel eased before it is certain
that the new base station 37b is effectively linked to 1 -t
di fference between the sinple conference bridging functiﬂqs gasting

n ti
is that in multicasting all paths eventually reach the sa q wfﬁ S
and the signal is conbined, whilst in conference bridgi nglﬂl FE ;ﬂHJIII Len
at different places and the signals are carried in their h

| ocati on. 213

F|g3 : ba

§ 6 S 7
od S XN e [
. - r ’___.\l‘
’ MS CU- 81s (O H U BSC MSC
' . ) l ]
- )
‘ 1/ Zb/ h.b/ N /7
| , )
- 1/ 3¢
A BTS Q\A_c

Fig.4.
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However,

being.split and conbi ned. Mboreover,
"soft handover™

used in_ providing
nobile unit, as see

considered to be two separate term nati O
mul ticasting functionality it is a conbi
of the described enbodi nents.the basic functions,

n 10

of _the

e.g. tontrolling

i

ﬁiv but in ter
ﬁg and mul tic stlng node.

the two functions may be conbi ned with each bridged deH rtsetf
both nulticasting and bridg
For the bridging functional
fron1d|fferent base stations during ha

en Re; laced

I n aH

swi t chi ng neasurenent and oTEer1E§Knions required of tpe network are

)

COMBINE
UNIT

21c

MULTICASTING

EXTERNAL
INTERFACE

2L <

R&

INSTRUCT AND
RECEIVE

COMBINER &
MULTICASTING
UNIT

B”

25

(OMBINER &
{ULTICASTING
UNIT

B”

2‘|c/_

This i& the ropiscement sheet

‘Deig:

1 8 DEC 9%



15 built

in at the place where the function is reqwred The operating

parameters of these functions are conpatible with the equrprent—at—that—

| ocati on,
functi ons.

| ocations in the netvvork is itself diff&fdnt,

different. SimFiQ/ Ilcations
el enent s which -su D‘Qr ations
diversity, etc. are not necesparily fuyl

with the basic network functi

but are for this reason different fromthe parane
That is to say, because the equi pnent controlfl
t he control
services or s

ers. of other

R

e,4.
ﬁzha gver, bridging, macro

bnBTIHEY)

y corypatl bI e wth each other or
ray— atso—ben| ocated at different

pl aces in the hetwrk. Procesk \
Za 22z .
\ e \ 229
!7."3——'
Ms H— 8IS OB Ossc dmsc
, .
[ ] [\\ ______
22h  21b
FIQS -C"’ i

TO APPLICATION
r

-,

31a 1h

INTE

RFACE

33

RE

INSTRUCT nND

o om a

oLt

‘BRIDGING
UNIT

VE 36

BIH

31c .

Fig.9. 37a—, /
81s (]
z8 32
\ \31:} | L0
I '."'"'I_'
MS ——! 8TS Q () esc dwsc
‘ \
O
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control functions provide the necessary interface in order to allow the
basi c.-network functions to be as sinple as possible; (decision making being
transferred 25 elsewhere in the network). The processing controf—unit—
includes an interface nodule in order to convert the forshedHal BSn Replaced

signalling data received fromthe basic Et.]%vork functions
format which can be handl ed by the procesSing nodul e itsel ﬂl’ﬂﬂ" h:"ng
nodul e interprets the instructions fromthe application a at

instructions need to be sent to the basic 30 network functions.

’

Fig.10.

38a ' N
) 37 LO 38¢c
) 39a, _MsC_/ /
) -
39b
38b)

Fig.11.

p o
ILu
~
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now be descri bed ﬁﬁth reference to
6/13

1 6 and 17 illustrate three possi

changeovers which can be effected in a sinple diversity cOiisrSatet§is
19 and 20 are flow charts illustrating the d

The operation of. the invention wll
Figures 15 to 20. Figures 15,

24 Figures 18,
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In this system bridging furetionali-ty is

|
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Thi §

i
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In each of Figures 1 5,

state an

and 17.
used to provide the extra connections required forthe nulti

taking place within the systemof Figures 6 and 7 in order to control
5

system of. figures 15, 16,
| eft hand part shows the initial

conbi ni ng functi ons.
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required if nore than two nodes are interconnected: a sinple point-to-

point |Iink between two nodes uses only one bearer '|ink and needs no

bridging functionality. 20 The six nessage formats are: 1) Ths&mafhsBum .
"SetupG P request”. This nessage instructs the processing rm] ﬁﬁ',

a new bridging group. This nmessage has paraneters specifying
- constituent legs that formthe bridging group and specifies
and outgoing legs. It _also |dent|f|es @9 25 type of bridgi ng. to be

perforned (i.e. sel ecFygc b ni ng acti Ve path, etc.).
. MACRODIVERSITY - EXAMPLE 1
BEFORE | _ AFTER
legld In leg Id In
H
A

legld1" legIld3

legid 2 | legldt

leg Id Out

This is the repiacement sheat
18 OFC 199

Deis:



2) "SetupG P response”. This nessage returns a Goup ID (GRP Id)
which identifies the bridging group and the status of the bridging group
(i.e. active). 3) "Add- Leg request". 30 This Shaerisas Be® Repla
instructs the processing nodule.26 to control the addltlon

|l eg to an existing bridging, group. This nessage has para } !"
the leg that should be added to the bridging group (Leg ID) a

which the identified | eg should be connected and the identity of the :
bri dgi ng _
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1

iliilf HQIImIFIi

i

isIh

(The processing modul e 26 calculates fromits own
This response is a Status paraneter indic

know edge and this information the | egs that require bridgi rid

25 group (GRP I1D).

"Add- Leg response".
the procedure is
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e

This nessage instructs th

"Del et eLeg request™.

;T

i dent i fTihe@h

10 6)

identified by the GRP ID.
be del et ed.
The response indicategpmBet her the operatio

the deletion of a leg,

1 8 DEC W38

Dnie:

5)

fromthe bridging group,
and

consequently ceases to exist the group wll

processi ng nodule 26 to control
"Del et eLeg response".

5 successful.
leg I D
successf ul
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whet her the bridging group still eki sts. Figure 18 shows the operation of
t he enbodi nent of figures 6 and 7 15 to delete Ai%e&ménhgﬂmgi ng

group, As:shown in Figure 15, the control applicati ' e droppi ng
of one of the two |inks between point A and B. _The_mmmum It at i on
Clerr], in this case the handover control applicati'é¥ - age 401
for the deletion of a leg or |egs, Legl dnﬂjﬁf grom bridging group GRPID {21
a, 21c). The processing unit 26 is infor 13bout what 20 'procCedure it has
to perform in th_i,.p\ ' : tetert
w
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gr?oup; by primtive 402 fromthe external interface nodul e 28. The«sss He
processi ng reEktil AACEMENR SHERTSC e e 86 tojdel ete the leg by contacting each of
t he reno} ewlirdscigghtiog units. . Rlogpagdd¥e, |in turn by nessages 403a, 404a and

- 403b, 40p I iSRRS) | vqiageaan‘utdqiagmﬁig rlel evant legs fromthe renote bridging
uni ts. fm(mwg@(@otpa\ggdl‘kgoliﬁgdﬂ@ted'.from a path, in the exanple Legtd 1
t hen the Ikt i rpth@ .precsgsd ng Module 26 will also del ete any

associ at p Iegs t hat have beconme unusdd, in the exanple Legld 2 (see Fi gure
15). Wheh D[.QCE G gl ' ui rles to delete a leg fromthe bridge
C:O_nt rolle Y & Tt "' v . ) ’

COMMUNICATIONS SYSTEM

5 - This invention relates to -the operation, _monitoring and control of a
communications syste-m It is of particular relevance to the operation of
telecommumcauons networks, but is not limited to such systems.

In this specrflcanon the term, "functional °lement is used to define an
element of a communications system whxch performs some functlon, e.g. a
10 swntchmg or monitoring functlon, to the system ltself as distinct from an
"application process element' which controls a number of '.'Funotlonai elements” to -
achieve a high level function, usually requiring concerted action from several
functional elements. This high-level function may be a network applicetion such as
a handover process in a mobile radio system. ' |
15 . In a telecommunications. network the functional elements of the system
are widely distributed. For example, switching functxonahty is required at nodes
throughout th_e system. Howeve'r, in conventional telecommUnications_networks
application process control is concentrated, requiring a large signalling load to be
carried over the telecommunications network. Despite the distributed nature of the
20 system all elements of the network which interact must have compatible signalling
formats. * This is a particular problem in a cellular radio network, where mobile
units made by a number of different'mandfacturers can turn up anywhere in the
system and have to interact consistently with whichever fixed part of the network
they happen to have established communication with._ in such a network it is
25 - difficult to arrange for enhancement or improvements, because of the need for all
signalling formats to remain compatible. Further problems arise in known
- systems because of the need for-.meesurements of network conditions e.g.. link
performance to be made, and the results trahsm‘itted to a control centre, either
continuously or discontinuously depending on the nature of the measurements to
30 be made and the purpose for which they 'are required. This places an additional
srgnalhng overhead on the network Many measurements are often only requ1red'
in speclflc operatlng circumstances. It is therefore wasteful of s:gnallmg capacnty '

for all possible data to be transmitted when much of it is redundant. The limited

This is the replacement sheet
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functionality 2la, 21c it transnits to the instruct and receive module 25 a
REL 30 primtive, 403a, containing informati on about the Legld to be -
del eted and a local identifier uniquely identifying the bridge at the node.
The instruct and receiver nodul e then sen a Rel ease request nessage 404a,
in a format that will be recogni sed by the renote bridging functionality.
In thi's case the format- will be

signalling capacity and the number of dlfferent measurements to be made also.

reduce the resolution of the measurement and/or the samplmg rate that can be
supported. ) '
A further limitation on capacity in conventional systems is caused .by

limited routing capabilities. Particularly in a. case where a call requiring very high

[$)]

‘bandwidth or data rate is required, 't.here may be no single route available through

the network allowing such capacity. This may be the case even if it is possible to

re-route calls in progress without interruption in order to provide greater capacity

on a particular link. In these circumstances, a call requiring a higher bandwidth

10 would either fail or cause anotﬁer lower priorityl call already in progress to. fail,

although the system as a whole does have sufficient capacity. Existing

teleeommunication systems normally permit single links from point to point only. If

the link is unreliable, error checking processes may be employed but these require

additional data in order to perform the error checking. It is known for mobile units

15 to monitor more than one base station simultaneously, in order to identify the one

with the. best quality signal. However, in a conventional switched network,

.beca'use the switching and cbntro_l of the call are indivisible, the call is handled
over a single route only. | _ |

Another example of concentration of control is the provision of

2_0 "conferehce" facilities in a teleco'mmunications network. In conference bridgihg,

the bridg.ing is set up under the control 6\‘ a user who sets up a. request for'bridging

to allow more than two users to communicate together simultaneously. This

requires an existing link to be _bridged' to a new one to allow the third caller to

communicate with the other two. o -

25 “In prior art systems, such as that shown in figure 10, bridging is only

pOSS|ble in-major switching centres 40 and these bridges are- of flxed capacity.

Figure 10 shows three terminal umts 38a, 38b 38c arranged to form a

'conferencé call’ with each other. Units 38a, 38b are both connected to node 37

but this has no bridging capability. Node'37'and unit 38c are both connected to

30 major switch 40 which _has a bridging capability. This means that although units

38a, 38b are both in communication with.user 38c through the same node 37. and

require a bridge to be made between them, each unit 38a, 38b must be provided

‘with its own bearer 39a, 39b all the way to the mobile switchihg centre 40. If the

This is the repimcement sh_eet
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26 relatively sinple in that the bridging functionality is assumed to -
sinply delete a leg froma bridge and if the bridge then only has one |eg
comng in and one leg comng out (i.e. there is only one bearer |ink

remai ning so the bridge is no IOnger'requiéed) the bridge is deleted: The
response nessage 405a indicates whether th& bridging 5 functionality is
still active. On receipt of this nessage by the instruct and receive nodul e

25, the nodubfdgifgUesuld thkS phidemht. itNe B astafsr W7D Bnkhsf Sleablsrets 3088 39
processing nodul e 26. The processing nodule 26 then continues to delete any
.~ would be released for other purposes. Referring to figure 11, at a switching centre
32 where a bridge is to take place,. control processes ensure that each message
a,b,c coming into t.he switchihg centre 32 is passed from one caller A, B or C on to
5 all other callers. _
| According to a ﬁrst aspect of the invention there is provided a method of
operating or controlling a communications. system having functional elements and
application process elements each controlling a plurality of the functional elements,
the method compr_ising the transmission of corhmands by the application process
10 elements to an interface element the commands transmitted by the application
process elements being indepéndent of the type or cénfiguration of the functional
elements, and the conversion of said commands to ~commands suitable for
controlling the functional elements. _
According to a second aspect of the invention there is provided a
15 communications system comprising a plurality of functional elements and bne or
.more application process elements for contro_lling or controlled by the functional
elements, characterised in that there is provided an_intei"mediate processor element
to interface between one application process element and a plurality of functional
elements, the application process element or elements being configured to
20 generate commands in a form which is not specific to the configuration or types of
functional elements, and the intermediaté processor' element béing configured to
execute . the commands generated by the application process element by
transmitting commands to the functional elements.
According to.a third .asp'ect of the invention there is provided an
25 intermediate proqessing unit for a communications system for controlling a number
of functional elemehts of the systerh under the control of or controlled by one or
more application process elements of the system comprising an external interface
module for receiving commands frbr_n an application process element in a form not
specific to the configuration or type of the functional elements, an instrucf and
30 receive module for exec.uting the commands so received and trénsmitting them to
the functional elefn‘ents required to execute the command; and a proéeséof module
for processing data passing between.the functional elements and the application

process element.
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ot‘her l'egs from bridges controlled by other bridging functionality (In the
exanpl e Conbi ner 21c) using nessages 403b, 404b, 405b, 406b. Wen the .
processing 10 functionality 26 has conpleted deleting legs frombridges it
returns a delresp primtive 407 to t he extgrnal i nterface nodul e 28

I ndi cati ng which | egs have been del eted (Legl D1, Legl D2) and the overal
status (Status paraneter) of the erdglng group. The external interface

modul e i ssues a Seﬂ'bli%Gn'?eﬁﬁ@rme&ﬁs“@ﬁ viAteliRjeRtdgin ke PREWOI € el PRYdicaly i n
the delresp primtiyve. Figure 19 shows the o eratlon of the
enbodl ment Ofeqqratgr@gm6th§nfdm7tlonallty This in"turn allows the functionality, in particular

for swntchmg purposes, to be available at many more locations in the network than -
the main application elements. _ |

5 In a preferred method according to the first -as.pect of the invention the
monitoring and control 'prpcesses required are operated by functional units located
at suitable points throughout the system. The points at which these_ units ‘are
located depend on the particular function. they are required to perfofm. "For
instance, in a cellular radio network, the measurement of signal quality takes place

10 at the individual base stations, but héndbvérs and tnﬁlti-éésting réﬁuife routing at
switching points. Each of these functional units is configured to suit the
circumstances of the individual location of the unit. For instance a bridging
element is configured according to the numbér of possible links available at the
switching centre concerned. _.

15 . Dedicated signalling links betweeh the intermediate processing units
and the functional elements distributed around the network may be provided.
Where the system being controlled is a telecommunications network, the signalling:
may be carried over the traffic bearer links of the network. The intermediate
processing elements need not be Iocﬁated at a node of the bearér network. Using

20 the telecommunications network example, they can be located at any point in the
network, ‘and for'diﬁerent functi_o_ns may be located at different points.

. Embodiments of the invention will now bé described, by way of
example and with reference to the accompanying drawi'ngs, wherein:
Figuré 1 is a functional representation of a system according to a

25 first embodiment of the invention;

Figure. 2 is a schematic diagram -of a hetwork architecture
lncorporatmg the functlonahty of the system of Figure 1; '
Figure 3 shows schematlcally a mobile radio network in accordance
with a second embodiment of the invention; _
30 ' ' Figure 4 sho’ws the network of Figure 3 in functional terms:
| - Figure 5 is a topological diagram of a network according to a third
_ embodlment of the invention.

F:gure 6 shows the network of figure 5 in functlonal terms,

This is the replacement sheet

-~ 2 DEC 997

Date;



td create a new bridging group. The control application, in this case the
handover control application Cl1l, asks for the setting up of a bridging
group between points A and B (Figure 16) consisting of the identified |egs
(Legl DI N, Legl D1, Legl D2, Legl D3, Legl D4, LEG DOUT).This is transnitted in a
request nessage 501. 20 The @ ocessi ng nodul e 26 i s inforned
about what procedure it has perform in this case the creation of a '

D 0n0 0o L s Shaa e pkaen s ol T TRy S e
create bri dgeppelogyrdfriidured dnd thel fugetiondl ussédtopalfigse 621 a,. 21 b, 21 c
| Figure 8 shows ln functional terms a system according to a fourth
embodiment of the. invention; | _ | _
5 - Figure 9 shows schematically a mobile radio hetyvo‘rk in accordance
with the embodiment of figure 8; ' B
_ Flgure 10 shows a prior art cellular radio  network havmg brldglng
capability only in the mam swntchmg centre; | )
Figure 11 shows schematlcally the topology of connections required
10 in a prior art three-way conference brldge, as described ‘with reference to figure
10; . o | .
Figures 12, 13, 14 are flow charts illustrating the data flows taking
place within the embodiment of Figures 3 and 4, in relation to a handover control
process; ' |
15 Figures 15, 16, 17, illustrate three possible changeovers in a
diversity oontrol systerh which may be controlled by the embodiment of figures 6
.and 7; and _ |
Figures 18, 19 and '_20 are flow charts illustrating the data flows
taking place within the embodiment of Figures 6 and 7 to control the system of
20 Figures 15, 16 and 17. _ |
Referring to the drawings, in the first embodlment of the lnventlon,
communications system, shown in Figure 1 in functlonal terms, compnses a
telecommunications network lncorporatmg an intermediate processor function A -
interconnecting functional. elements in the form of network operating. functions .
25 (NOFo)".B-, with an application pr'oce'ss element C. The intermediate processor
function A has three functional modules: an external -interface module 51,
processing module 52, and instruct and receive module 53. ' "
In operation, intermediate proceés‘or function A relays data between
NOFs B and application C in both directions. 'The application C may be a network
30 service or service element and the data may be, for, e>;ample, control messages
going from application C to NOFs B, or measurement ofr status data going from

- NOFS$ B to application C.
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at nodes where the processing nodul e 26 cal cul ates bri dgi ng needs so
created. 25 When the processing nodule 26 requires to set up. a bridge using
the renote bridge functionality 21a, 21b, 21c froma group of legs it

i ssues to the Instruct- and-Receive nodul g 25 an ADD primtive 503

contai ning infornmation about 'the Legl'ds required to-formthe renote bridge
at a node, to the instruct and receive nodule 25. The instruct. and receive
modul e 25 then sends ans'ermfﬁhartequ@%qsseofuwgga‘g@eefgzras ithreg fupeviens. tihstruati | |

be recogni S%d@écéub@ rh&dE & 3PLd gl uQ&chH{?JﬁE adef[t%])fo, rdcdivel due§ A, LG

format will be again re atlve y sinple
' individual network operatmg function elements. External interface module 51

interfaces with the application C. These two modules 51, 53 are linked by the
5 processing module 52 which,_'for example, translates (a) instructions from the
application C into the individ.ual ihstructions for NOF-B and/or {b) data received .
from the NOF B into a data format suitable for the application platform C. _
Although figure 1 has been illustrated for a single apphcatlon C for
snmpllcxty, there may be a plurality of applications interconnected with respective . o
10 or common NOFs by respective or common processmg unlts, as will be seen from
the following description of various other embodiments of the invention.

In intermediate processing unit A, the external mterface module 51

' provndes a common mterface to application platform C. This interface offers the
application platform C a set of available commands that processing module 52 can
15 perform independent of the interface to the network operating functions B.

The processing module 52 performs the conversion of applicaﬁon
information data into information specific to the individual NOFs, and/or performs
the conversion of NOF information into a form suitable for the application platform
c _ _ |

20 The instruct and receive (IR) module 53 communicates with _thé

~ NOFs B, and may have different interfacses to different NOF units in the network.
The IR rr;odule 53 converts between primitives used by the procéssing module 52
and information message formats used by NOFs B. _ |

Instead of, or in addition to, the conversion or translation described, |

25 the processing module 52. may also perform additional processing specified by
_application platform C. | The NOIFs B may take the for_m of functionality
as'sociated With'the network, e.g. embedded software, or they may be. discrete
elements, units or modules'e.g. monitoring elements or n'etyvork cohtr_ol functions.

Similarly, the applications platform C may be a function or

30 functionality'embedded .in the network, e.g. in a service contrdl point 6r it may be
embodied in a stand-alone applicati.on platform. . '

Figure 2 illustrates how' the generalised system of Figure 1 may be

mapped to a Network Architecture. -In functional terms elements A1, A2 represent
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‘bfidgihg functionality 21b is assuned to sinply create a bridge. The
format specifies the legs that are to forma bridge and the type of bridge
required. The 27 response nmessage 505a indicates whether the bridging
functionality 21 bis active or the Opé’raL/J on has failed. On receipt of
this message by the processing nodul e . :
applic_ation process.control functionality and B1, B2 represent network operating
functions. Functionality scripted. "l1 " e.g. A1, B1 represents an intelligent network
element where Service Control is séparated “from the sWitching network and
signalling is carrieci.over separate links (63, 64, 65). Fun'ctionality scripted with a
5 “2" {e.g. A2 B2) represents elements where all functlonallty is incorporated in the
switching network which carries the signalling mrormatlon to provide logical links
(69, 70, 71). As can be seen from Figure 2 both the process .control functionality
and the network operating functionality can be I_ocatod at potentially any node in
the network. These.nodes‘ (72 to 78) may be for example service control point.s,
10 network management centres, switches etc. Important aspects to be noted are
that: o | _ - |
(i) process conttol fdnctionality is located in specific nodes (72, 78)
throughout the network. | | _
(ii) secondly, process control functionality for a particular application
15 is fixed in a particular network node, e.g. process control Al in nodé 72, but for
different applications or uses of'the sarne (particularly if the base station are at
different sites), application can be located in different network nodes (e.g. process
control A2 in node 78). o | |
(i} the network operating functions B1, B2 are located at switching
20 network nodes 73 to 77 énd are activated by the process control f_unctionality
where needed -in a real-time | dynamio manner. These functions ére closely
associatod with the bearer network.
| (iv) a specific use of ptocess control functionality A1 in a particular
network node can be to control a network operating function B1 at a network node
25 75 whére there is also present another or the same network operating function B2
under the control of another prooess control functionality A2.
- A second embodiment of the invention, shown in Figures 3 and 4, is
a commumcatlons system having means for collectlng and processing data on the
quality of bearer links in the system. In this second embodiment the system is a _
30 mobile radio telecomml._lnicati-o.ns network. The collected data in this particular
~ example is to be used in the handover process of the mobile radio network.
Figure 3 shows a sirnpliﬁed diagram of the mobile radio network,

illustratively a cellular radio network, cotnprising a mobile unit 1 and three base
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26 carrying the status, the processing nodule 26 then continues to formany
other bridges required. (In the exanple bridging functionality 21 b). Wen
-the processing 5 nodule 26 has conpleted creating bridges it - returns a
grpsetres primtive 507 continuing a GRPI®, allowing sinple identification
of the bridging group, and the overall status (Status paraneter) of the
message 508 containing the parameters present in the grpsetres primtive
507. Fi gur esilionk| @sf r2t,e2ct keclduivingnmeéasuringe gatipmantefrst4tng 46y i4iifieg 10

group USiNg L g AmS We Ritliny” bt TeSHetTe bR s B8, 38032 1RO LA ot | 1
| base station 2b the bearer hnks 3b, 3d are actual links with the mobile unit 1
~currently in operation and ca’rrying'trafﬁc. The other two base stations 2a, 2c are
.5 potential candidate base stations for taking handover of the mobile unit 1 from
‘base station 2b and respective links 3a, 3¢ are not ourrentl_y carrying traffic to
mobile unit 1. | '

The base stations 2a- 2¢c are all connected to other parts of the

network through a base site controller 6 and mobile switching centre 7.

10 - The individual base stations 2a, 2b, 2c may be co-iocated, for
instance to cover different sectors of a cell, and the base site controller 6 may also
be co-located with them. The measuring equiprﬁent 4a, 4b, 4c, 4d in the various

" base stations 2a, 2b, 2¢ and the mobile unit 1 need not be the same, (particularly
if the base stations are at different sites) so the raw data received from each

15 device may be different in form. In particular; modern mobile networks must be
capable of supporting mobile units built by a variety of manufacturers. Although
the methods of measurement may differ, the properties to be measured, such as
bit error rate (BEH), C/l, received power level, or bit rate are similar for each unit.

_ | " The process control unit 5 is located in the base site

20 controller 6, and is in communication with each of the measurement units 4a-4d.
The necessary signalling is carried over the bearer links 3a, 3b, 3o, 3d, which also _
carry the telecommunications traffic for which the links have been set up. The

‘process controi unit 5 instructs the measurement units 4a, 4b 4c, 4d to take

measurements of link performance e.g. 'BER, C/l, received power level or bit rate.

- 25 These Units may collect data continuously, or may only do so in response to a
signal from the process controller, 5. ' _

| 'lt will be noted that. data collected by unit 4d at the mobile station 1

will travel by way of one of the base stations 2b. However, the base station 2b

does not process this data in any way but passes it on to process control unit 5

30 located in the base site _controller 6. There is thus a direct logrcal link 8d between
measurement unit 4d and process control unit 5, as well as logical links 8a, 8b, 8¢
between measurement units 4a, 4b, 4c and process control unit 5. The base

station 2b itself also sends data_collecteé at the base-station 2b by measurement
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cdse the handover control application, sends a request 601 asking for the
addi tion of one or nore legs, LeglD, to the existing bridging group GRPID
(See Figure 17). The processing nodule 26 is informed about what procedure
it has to perform in the case the additi of a leg to an existing
bridging group, by a primtive 602 from 15 the external interface nodul e.
The processing nodul e then proceeds to add the leg(s) by contacting each of

the renote luhitdth.nTheprécess tonhtiohuAind dsbinAgctedlte\Gandppliegor fucEidRLE e.g.
bridging units in form ngl new bridges. Wien the processing nodul e 26
requi res to 2aRNAQVPEGOREOIUBFTigRdn EERH"PO?"Y'@EF"E%/ Cﬂ‘tf%r?o?'ebiﬁq 8ig controller 6

functional ity provnde the appllcatlon function with data.
The measurem_ent units 4a, 4b, 4c, 4d can be configured to make _

5 different measurements according to instructions received from the processing unit

5. - _Such changes may be made dynamically e.g. depending on prevailing

conditions, for example th.e type of signal e.g. voice or data being carried by the

bearer, or in response to prevailing conditions elsewhere in the network,.e.g. time

of day/day of week. - ' o |

10 ' The parameter to be measured (e.g. bit error ratio, C/lI, RSSI) can be

selected dependant on the type of'signal which is to be carried by the bearer (e.g.
analogue/digital, different bit rates, etc.)." '

As the measurement process control unit 5 is located in the base
site controller 6, measurement collection control is performed at as low a level in

15 the network as possib]'e,' whilst minimising the processing power in the base
stations 2a-2c themselves. By locating the process control unit 5 at a localised
level, the data can be compressed and selected at this level, thereby reducing the
amount of signalling from and to other parts of the network. |

' Furthermore where, for example, the base site controller 6 includes

20 . sufficient processing to identify which of the three base stations 2a-2c has the
strongest: signal from the mobile unit 1, only that fact .need be passed to the
decision making unit {(typically located. in the mobile -switching centre 7)
determining whether a handover is to tal<e place. Indeed, where handover is
between base stations handled by the same base site controller the mobile

25 switching centre 7 may not need to be lnvolved at all.

The monitoring equipment 4a-4d performs the collectlon of bearer
llnk quality information in the network. This equipment need only have limited
functionality. Its function need only be to .monit'or a particular physical link and
report measurements to the measl.!rement process control unit 5. |

30 The operation of the system of Figure 3 Will now be_ further

* described with reference to Figure _'_4 which illustrates the system in functional
terms. In particular m-easureme'nt 'functionality'B’ corresponds to measuring

equipm'en't 4a-4d, processor function A’ corresponds to process controller 5, and
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2fb, it issues an add prinitive 603a containing information about the Legld
to be 20 added and a local identifier uniquely identifying the bridge at
the node, to the instruct and receive nodul e 25. The instruct and receive
nmodul e 25 then sends an Add request nessa 604a in-a format that will be
recogni sed by the renote bridging functioﬁSHity 21 b. In this case the.
format will be again relatively sinple in that the bridging functionality
21 b is assy@d bm:aiioﬁpmhcadﬁl @ kefesporisbid daf Mathathiovee fgkctiondin BSS &nly
the legld and tﬁe | ocal bridge reference The response nessage 605a

i ndi cat es t laedior M6 7of the bridge (i.e. active or not active). On

Processor A' has three modules, as illustrated in Figure 4: an

_instruct and receive module 10, a processing module 11, and an external interface

4}

module 12. 'Instruct and receive module 10 is in direct communication with the
- measurement functionality B'. This module receives measurement data from the -
“measurement functionality B', and is configured to recognise data streams as they
come in and convert them into a standard format. Conversely, it also receives
'signals from the processing module 11 and converts them into instruction signals
10 recognisable by the individual measuring functionalities B'. The instruct and
receive module 10 has a functional element which is dedicated to a respective
_ measurement functionality to which it is connected, and which is configured to be
compatible with it. The functional elements of the instruct and receive module 10
required for each measurement. functionality B’ may be co-located, e.g. in
15 software. Different functional elements may bé embodied in commen hardware,
for instance if each measurement unit 4a-4d is polled in turn bybrocess controller
5 using time division, the instruct and receive functionality embodied in the
process controller 5 has to translate in turn between the standard processing of
. the processing module 11 and the format required by the measuring function B.
20 This requires the instruct and rece-i.\'r.e_ module 10 to be configured in each time slot
- for the message format used by the individual measurement functionality B'. The
term "e_lernent"'. must thus be understood to embrace any function or combination
of functions by which the .instruct and receive module can be implemented, and
correspondingly the physical realisation of the elements, modules and units can be -
‘25 by any means, with parts shared or not. ' _ '
) The processing module 11 handles control signals from the external
interface module 12 {to be discussed below), and also processes measurement
| parameters received in a standardised format from the instruct and receive moduie
10. The processing module 11 -controls, through instruct and receive module 10,
30.- the measurement functlon 8', and also performs any.control actions required. In
response to a request for data from the application c! recerved via external
interface module 12, the processing m_odule 1 send.s.an instruction to the rnstruct_

and receive module 10 to collect'data from_the_ individual measurement function
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recei pt of this message by the instruct and receive nodul e 25, the nodul e

i ssues an address primtive 606a to the processing nodule carrying the
status. The processing nodul e then continues to either add new legs to )
bridges controlled by 30 other bridging fynctionality 21 b or to setup a
new bridge (In the exanple a SETUP request 604b is sent to bridging
functionality 21 a). (Messages 603b, 604b, 605b, 60%%) When the processing
functional i By Hd®sedngruations sdelitiagslasess by ghprinstgess wcevei mgdwew Gintages

it returns ﬁ'leofcjrmart irgﬁm%é I:Ts\Ptﬂé]ﬁveg%ﬁrgm@ﬂ{ fLilrQ:tt_ﬁEE%o.e ﬁ?QMe%sgéments having
been received back at the instruct and receive module 10, and translated baek into
the common proeessing format by that module, the processing module 11
5 performs formatting and/or other processes such as for example an average over a
given time period or a mathematical function of one or more of the parameters _
received from the- measurement functions g'. As a particular eiample, the
processor Al may compare the signal strengths measured by the _'measurement_
functionality B' associated with (three) candidate base stations '(4a44c) from which
10 data was requested, and return a signal to the hand'ove'r”application C', via the
external interface 12, giving the identity of the base station 4b having the
strongest signal. In this example, the absolute values of the signals are not sent
"via the external interface module 12 to the application c'.
The external interface 12 sends data signals to and from the
15 application C'. In the case of handover determination this apphcatxon c' is the
network control function responsible for handover Th_e function itself sends
signals via the external interface module 12, in a standard form, to instruct the
processing module 11 to send start, or stop signals, or a request for data to
measurement functions B'. The network control function C' also.receives data
20 from the measurement functions B’ by way of t_he process ﬁnit A’._
The measurements may be made for a continuous period, or a single
. instantaneous measurement may be required. The instructions to be sent from the
| application C' to the process control functlon A ‘will obviously dlffer in these two
cases. Slmllarly, if the result required is, for. example, a time average, then the
25  process control module 11 provides processing and storage and the ﬁme averaged
reeult is tranemitted to the measurement control application c' periodically. In
these circumstances the process control module 11 ineludes, functionally, a data
buffer to store the data while' these time averages, trends, etc. are being
calculated. | - | '
30 | | The network may include many dlfferent desngns of switches and
mobile units, each with its own measurement functions and physwal realisation.
The measurement control function A1 prov;des a way of intelligently interfacing

these measurement ‘'systems Wlth one network management measurement
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28 indicati ng the overall status of the add operation. The external
interface nodul e 28 issues a AddLeg response 608 containing the paraneters
included in the primtive 607. The enbodinents described above are
referred to a cellular 5 tel ecomunicatipns network in WhICh t he
traffic-bearing links also carrying the :

application c'. Pre-processmg is performed in the processmg function A and the
results of the processing of the measurement data passed to the handover
application C' so that handover decisions can be made. Where the phyéical
realisation of the p.rocessing functionality Al is located in the base stations 2a-2c

the quantity of data carried by the bearer links 3a-3c is reduced.

n

The measurément control function may be used fdr other purposes
-than handover. For example, measurements i'nay be required for fault monitoring,
'statlstlcal analysis for future traffic planmng, billing, etc. The external lnterface 12
is configured to respond to signals from any such apphcatlon platforms.

10 " Different measurement functions B' may be capable of making
different measurements.- Such differences are handled by the instruct and receive
module 10 of tﬁe processing unit. Al in order to provide a common data standard

" for the use of the network application. S
In one variation of this embodiment the individual measurement

15 functions B' have very limited functionality. They operate constantly, .monitorin'g a
property of the system. On a request from the process control function Al the
current vaiue of the data is reporfed back to the process control function A'. The
decision as to which data is passed on to the application c! is taken by the
process control A’ acting in respbnse to instructions from the applications cl. .

20 Figure 12; 13 and 14 are f__low charts illustrating the data flows taking
place within the system of Figures 3 and 4. In this exémple the high-level
applicatic:m (C') is a handover control. | _

Two meséage formats are available to the external applicaﬁon ch:
"Measure request” and "Measure response”
25 1) -~ "Measure request". |
This message is passed from the handover control c’ to the external interface 12
and has fields specifying: _
- the parameter(s) to be measured (in thié case the bit error ratio BER),
- the algorithm to be.applied to measurements (either ALGA: provide an

30 average value of the parameter and the.change in that value; or ALGB: provide

averaged value of the measured parameter when parameter drops below 50%

origirial value),
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nécessary control signalling to operate the present enbodi nent. The

I nvention fmay be applied to any communi cati ons sys+ n in which control and
noni toring functions are required at points distributed throughout the
system Dedicated signalling Iinks may be used if the systemto which the
invention is applied has no 10 other sui tabPe 1inks avail abl e.

- reporting method (RR=regular reports at intervals, or a null value
indicating a request to provide a response when the algorithm provides a result),

- the time between measurement reports if applicable (TIME).

5 2) " rer e,

This message passes from the external interface 12 to the handover control c' and
contains fesult parameters from the measurémenf algorithm in the processing block
in the form specified in the request message. The response.message _is éent at
intervals depending upon the cbntehté of the requeét message.

10 Figure 12 illustrates the operation of the embodiment of figures 3 and 4
for measurement reporting at regular intervals when the remote measurement
functionality only sends out measurements \':vh.en requested. The process

"controller 5 must therefore reépond to a single request from the handover control

c' for periodic data, by sending periodic requests for data to the measurement

15 functionality 4. _ .

The control application C_1, in this case the handover control application,
sends a measurement request 101 asking for the Bit Error Rate (BER) to be
measured. Algorithm A is to be used, in which regular repbrts'ére to be sent from
the processing module 11 at time intervals of TlME'betweeri messages. The

20 processing module is informed .ab.out--what processes' it has to perform by
primitives 102 from the external interfac'e module 12. The processing mbdule 11
then ope;rates the required algorithm, starts to gather measurement information
and when ready sends ‘the preprocessed information 103a back to the external
interface’ 12 which in turn sends information 104a to the requesting control

25 application C'. When the prchssing module 11 requires information from
measurement functionality 4 .it issues a REPORT primitive 105, 105a containing
ini‘ou"matiori about what is reqﬁire_d to be measured, to the instruct and receive
module 10. The instruct and receive module 10, then sends a report request
message 106 in a format that will bé recognised by the remote measuremént

30 ,func_:ti;)nality 4. In this case the format will be very simple as the measurement
functionality 4 is assumed to be only 'on' or 'off’, measuring only BER and then
returning it immediately in a Report response message 107. On receipt of this

message by the instruct and receive module 10, the module issues a RESP
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29 CLAI'MS 1. A nmet hod of operating or controlling a conmunications
system havi ng functional elenents and application process el enents each
controlling a 5 plurality of the functional elenents; the nmethod conprising
the transm ssion of commands by the appllcatlon process elenments to an

I nterface el enent the conmands transmtted ﬁy t he application proces.

enents bei ng i ndependent of the type or conflguratlon of the functional

elements, and;f#iGe CRIY 5 $he pr8lesitl®module 11 carrying the measured parameter in a

standard format. The processing module 11 issues further report request
primitives - 105a etc. which are responded to in a similar manner (106a, 107a,

108a). The processing module 11_'then performs Algorithm A on the data and after

[$]]

time- TIME has elapsed sends a Measureresp primitive 103a to the external
-~ interface module 12. The external interface.module 12 returns the rasu_.llts' of the
measurement. process to the applicatioh c! {Handover Control in this case) in a
standard format (in this case BER and the change in' BER (CBER})). The procesaing
_modble 11 continues performing the measurement process 105b/c, 106b/c.
10 107b/lc, 108b/c, “103b until lnstructed otherwise by receipt of a primitive 110
relating to a blank Measure request 109 recelved by the external interface module '
12. _
lFigure' 13- illustrates the operation of the embodiment of figures 3 and 4
for generating a measurement report only when the measured parameter changes
15 by 50%.. This would be useful, for example to provide a trigger 'to initiate a
handover process. As in the first example the remote measurement functionality 4
only sends out measurements-Whén-requested. This illusfrates how the same
measurement functionality 4 can be made to supply application probess
functionality C' having different .r-equirements. .
20 : The handover control app!ic.ation c! 'send_s message 201 which asks for
' the Received Signal Level (RXLEV) to be measured, and Algorithm B to be used.
Regular 'reports are not required to be sent from the processing module, as-
indicated by the absence of the' RR parameter. ]
- The processing module 11 is informed about what processes_ it has to
25 perfornr By primitives 202 from the external Iﬁterfa‘c_e module 12. The processing
module 11 then operates the required algorithm, starts to gather measurement
information and when ready sends the preprocessed information 203, 204 back to
.the requesting control application. When the processing module 11 requires
.lnformatlon from measurement functlonahty 3 it issues REPORT prlmmves, 205,
30 20ba, 205b, 2050, contalnmg mformatlon about what is required to be measured,
“to the instruct and receive module 10.. In response, the instruct and receive
mod_L'lla 10 then sends Report request messages' 106, _1'06a, 106b, 106¢ in a

format that will be recognised by the remote measurement functionality 4. In this
This is the replacement sheet
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comands to conmmands suitable for controlling the functional elements. 10
2. _ A net hod according to claim. 1 in which two or nore of the

functional elenents and application process ‘el ements use data in different
formats and the processing includes c_onver1%i on of data generated by one of
the elenments into.a format appropriate for~“the element or elenents for

which the data is 15 intended. 3. A nmet hod according to claim1
or 2 in whighs@t tHeeaBimbtOwl BenGagain relatively simple in that the measurement

functionality 4 is assumed to be- only. ‘on' or 'off', measuring only BER and
returning it at a set interval in a Report responsé message 107, 107a, 107b, 107c.

On receipt of these messages by the instruct and receive module 10, the module

(4]

issues RESP primitives 208, 208a, 208b, 208c, to the processing module carrying
the méasured parameter in a standard format. The processing module 11 performs
the Algorithm B on the data and when the value of the measured pa'rametgr has
changed by more than 50% the pfocessing module 11 sends a Measureresp
primitive 203 to the external interface module 12. The external interface module

10 12 returns the results of the measdrement, process to the calling application

{Handover Control in this case) in a standard format {in this case RXLEV) 204.
it will be seen that handover controls c’ having different measurement
requirements (Figures 5 and 6), can nevertheless interface with the same
measurement functionality 4. ' _

15 Figure 14 illustrates the operation of the embodiment of figﬁfes 3 and 4
for measurement reporting whén the femote measurement functionality sends
measurements at regular intervals. - | _

Comparison with Figure 12 will illustrate' how different measurement
- functionalities 4, 4a can be used to supply the 'same_ application process

20 functionality. . | |
. As in the embodiment of Figure 12, the handov—ér control application', c',
sends a.request 101 asking for the Bit-Error Rate (BER) to be measured, using
Algorithm A, with regular reports to be sent from the processing module at time
intervals of TIME between messages. The processing modﬁle 11 is informed about

25. what pfocesses it has to performs by primitives 102 from the external interface
module 12. The processing module 11 then operates the required algorithm A,
st.arts to gather measurement information and when ready sends the preprocessed
information back to the requesting control application 103a, 104a, 103b, 104b.
When the processing module 11 requires information from the measurement

30 . functionality 4a it issues a report primitive 305, containing information about what

is required to be measured, to the instrﬁct and receive module 10. The instruct

and receive module 10 then sends a Re'port request méssage 306 in a format that

will be recognised by ‘the remote measurement functionality 4a, .In this case the

Tris is the repiscsmen shest

~ 2 DEC 197

Daie:



functional el enents and appl i cation process el enents use different
operating protocols, and the processing includes translation of incom ng
-data into a protocol 20 suitable for the elenent or elenments for which the

data is intended. 4. . A met hod according to-any preceding claimin
whi ch the processing includes addressing si@nalling packets to individual
functional elenents. 25 5. A net hod according to any preceding

el enents andP
be t_.r ansm tta?s‘iurhed to be only ‘on’ or 'off', measuring only BER and returning it at a set

cl ai mwherein the processing i nclydes the, se]ection of the fupctional
PHPaEdg'F'i keitagsin IS?'BEléég %weﬂfem §L?"ot%i“&??sf'ﬁ‘é“‘%l‘ét netighality iso

interval in a Report response message 307, 307a to 307g (this is the difference
between this exarr;pie and that in Figure 12 and serves to illustrate that different
5 nﬁeasurement functionality 4, 4a can be used to perform a task using the same
" measurement request 101 from handover qontrol c! and returning the data in the
‘same format 104a, 104b). On. receipt of the messages 307 by the_ instruct and
receive module 4a, the module 'issue_s a RESP primitive 308 to the processing
module 11 carrying the measured parameter in a standard format. The processing
10 module performs the Algorithm A on the data and after time TIME has _elapse_d. '
sends a Measureresp primitiVe '103a;'103b to the external interface module 12.
The external interface module 12 returns the results of the measurement process
-to the_ Handover Control C' in a standard f_ormat (in this case BER and the change
in BER {CBER 104a, 104b)}). The processing module 11 continues performing the
15 measurement process until instructed otherwise by receipt of a pﬁmitive 110
relating to a blank Measure request 109 received by the external interface module
C' as for the arrangement of Figure 12. The processing module 11 will then issue
a C!ose. primitive 311 “that will be used .by the instruct and receive module to
generate a measurement functiona.iity speciﬁc close message 312 instructing the
20 module to terminate the module's :me_asurement collection process.
- A third embodiment of this invention is a'communications system
having a multicasting and/or combining function. As shown topologically in figure
5, nodes 22a-229 aré distributed .throughout a network 20." An incoming signal to
a network_ node e.g.. 22e 'éan be forwarded to'moré than one further node 22b,
25 22c (ie” multicasting) or convérsely 'tw6 incoming signals having arri\fed at the
same point 22e by different routes {from 22b, 22¢) can be combined together for
. oﬁward transmission. .ln a mobile radio system the air inferface,fnay form one or
more of the bearer links so that a mobile Uhit, (e.g. 22a) can be linked with more
than one base station (22b,.22c, 22d) simulténeously. The combining and éplitting '
30 functions need not take .pla.ce at the air interface, e.g. hddes 22e, 229;
| ' By arranging for sigrial_s to travel by more-than one route problems
which may be caused by faults in the network can be overéome. For example, if a

signal is received over a single link e.g.. ;chat between nodes' 22b and 22e, which
| - This is the replacement sheet
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6." ; A net hod accord| ng to any preced| ng cl ai mwherein the
application 30 process elenment controls a high I'evel service function and
the processing of data includes the operation of functions in support of
the high I evel service function. 307 1 A net hod according to
claimé®6 V\,herel n the proce55| ng includes thg
may be unrellable, there is. no way of te!hng whether the data is correct or not, nor
is there any way of correcting it _eyen' if it is known to be incorrect, other than by
using error correction protocols requiring extra bits in the bit stream. By also

receiving signals from a second link between nodes 22¢ and 22e, the signals can

o

‘be compared, and if they are identical there will thus be greater certainty that the
data stream has not been corrupfed f .they are different then error correction
processmg can request a repeat of that part of the bit stream.

Weighting factors can be introduced if it is known that one hnk is
more reliable than another. Other pos51blhtles occur with a greater number of
10 paths.  For example, with three paths should a binary digit in one of the bit

streams differ from the corresponding digit in each of ‘the other two then it can be
assumed that the two identical streams are correct and the third one is wrong. |
The functi'onality described below allows both diversity over the air
interface, where a mobile unit {e.g. 22a) may be in contact with more than one
15 base station (22b, 22c, 22d) simultaneously, and also diversity across the
network, allowing routing over a plurality of (parallel} bearer paths. Another
~advantage of such diversity is that should there be inéufficient capacity for the
required signal to be sent over any single bearer, it is pdssible to use several paths
each of lower capacity and each handling part of the data stream. | e
20 At each node there is. a multicasting and/or combining uhit. These
are controlied by a'process Lmit described below. This allows greater diversity
within the system as mulﬁcasting is available throughoﬁt_the network instead of
only at predetermined control poin'ts'as is possible with existing arrangements.
' Figure 7 shows a physical realisation of thls embodiment jn a mobile
25 radio network. The multlcastlng/ comblnmg fUI‘lC'tIOﬂ is carried out usnng umts of
three types. Within each base station 22b, 22c, base site controller 22e, and at
the central mobile switching centre _229, is a combiner and multicasting unit 21a,
b, ¢ which'ha_s the capability, on receiving instructions from the processing uni_t
24 in the mobile switching centre 229, to set up eny bearer links that are required.
30 Since these unite 21a, 21b, 21c are integral parts of the base stations, their mode
of operaﬁbn, and the data handling formats involved, will vary from unit to unit.
Instractions to them may be sent over the bearer nétwork‘ itself, or may be sent

over dedicated links direct from the proeeésing unit 24.
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setting up of a handover of a user termnal fromone network termnation to’
~another. 5 8. A nmethod according to claim6 or claim?7 in which
.the processing |ncludes the setting up of nulticast functions by suitable
functional units. 9. A met hod ac %{dlng to-claim6, 7 or 8 wherein
t he processing controls a functional ele to conbine a plurality of data
streans arriving at a 10 node into one outgoing data stream 10. A

met hod accordi ng to C M RUIMERIRgNUAIRE AROARSE | EhCRIKE! Ohe 1641€al incoming
channel and distribute the signal to one or more logical channels in real time.' in
order to perform multicasting the unit must have information about the incoming
logical channel whi'ch is to be distributed and to which logical channels it should be
5 distributed. 'The combiner unit performs the converse. It combines several logical |
' channels onto one logical channel This combination may take the form of
selective combination, in which the sngnals from the incoming loglcal channels are
compared and the transmitted result depends on the respective qualmes of the
signels. . _

10 _ The multicasti-ngicombining functional units do .not need to be
located at the same point as the multicasting and combiner application process
unit 24, which can control multicasting and combiner units 21a,b,c throughout a
large part of the netvyork. If no one'routing has sufficient capacity for the required
service;.different parts of the traffic (e.g. alternate timeslots) can be sent over

156 different routes and combined at the destination. | ,

The operation of the systefn of Figure 7 .will_ now be further
~ described with reference to Figure 6 which illustrates the system in functional
terms. In particular, combining and multicasting functionality B! corresponds to
combiner/multicast units 21 a-c, and processor function A'? corresponds to process

20 controller 24. The processing function AV itself fs in thr-ee parts. | Communicating
with the combiner and muilticasting functlonahty B" is an mstruct~and-rece|ve

- module 25 This receives data from each multicasting functronahty (21a, b, c) and
'translates all such received data into a single brocessing data format that can be
handled by a processing module 26. Cenv_ers'ely instructions from the processing

25 module’26 are handled by the instruct-and-receive module 25 and converted into
fo_rmets which can be handled by the individual combiner and multicasting units
21a,b,e. L o | ' '

The instruct and receive module 25 is a function operating in
accordance with the combiner and multicasting: function B'' with which it

30 communicates. A separate element of the unit 25 handles the format specific to .
each multicasting function. 21a,b,c. These elements nray be time slots in the

' epera‘ﬁng sequence or data streams carrying addresses'_associated “with the

individual units. The signals sent from the combiner and multicasting unit B! to
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synchroni sation of the incomng data streams. 15 11.- - A nethod
according to any of clainms 6 to 10 in which the functional elenments include
a capability to formbridges between bearer |inks, wherein the processing

i ncl udes the creation and rel ease of such arer bridges. 12. A

met hod according to claim1l wherein the processing includes the 20
arrangenent of a bridging connection as.part of a handover operation of a

user terni nathd peressiag waitwat'kintREgIcAAtRaIdrOtHRR MdiRictiohs sent to the dnitgEMod
according to a 3/ lg)ere%C?sglcgegss%lﬁ/l Tam%r %Iu'? topeer%rocr;neesssslaggs to indicate that the
instruction has falled for some reason. Such a message might be that the unit
21a,b,c corresponeling'with the function B! has all its con'nection.s in use and no-
5 further connections can be made. An associated application _ C’_1 sends
instructions to the process control unit _A1_1 requiring the addition of a new path, or
* the release of a path which is no lenger required, for example because the call has
terminated or because a handover has taken place. Prdcess control uhit AV
performs this operation through the appropriate combiner/multicaster units 8", and
10 Teturns a-response to application C'! indicating that the requests have been
| performed successfully. Error messages are transmitted if this is not the case.

The commands and responses sent between the_epplication c' and
the external interface module 28 are the same regardless of which bearer link (and
thus which combiner multicasting units B'") is concerned. The processing unit A"’

15 handles any conversions of data format required. This means that the application
Cc'' can send signals to the process controller A'' which are identical in all
respects except for the identity of the bearer link to be set up or deleted. It is to
be noted that to set up a bearer link it is necessary to use functionality at the
nodes at each end of that link.  Therefore the processmg unit A" will normally

20 respond to any instruction from the application platform c! by sending _ _

| instructions to two comblmng and multlcastlng functions B correspondmg to the -
nodes 21 a, 21b, 21c requrred The selection of these functlons can be carried out
: m the processmg unit A" or by the appllcatlon c'. _
| The functions. of processing unit A" may lnclude the determmatlon

25 of approgriate timing delays in order that the sngnals arriving by different routes are
properly synchronrsed Slnce the bearer links may be of different length, and
particularly if the links involve passing through drfferent numbers of nodes on each

' of the two routes, each of which may involve coding delays, then it is unlikely that
the two signals would arrive in synchromsatlon unless spec;al arrangements are

30 made to achieve this. . _

The application C”'may require changes to the links arranged in
combmer/multtcastlng units B in response to changes in demand to the system,

in order to maximise the utlhsatlon of the capacrty of the network.
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i icl udés the processing of neasurenent data. 25 14. A net hod
according to claim13 wherein the processing includes mathemati cal
operations performed on the data fromone or nore functional elenents. 30
'15. A nmet hod according to claim 14 erein the processing includes
the calculation of a tinme average of data ecei ved froma network operating
function. :

In a mobile radio system, the.'number of bearer links 're.quired to
support a’ mobile unit may vary as the signal qu.'ality changes in response to
movement of the mobrle unit. . '

_ The mobility apphcatlon functlon c! consequently instructs process

5 control unit A" to change the number of bearer paths, usually in response to a
| detection of a decline in quality of the existing interface link. The mobility
application platform c' may therefore instruct the process control unif Al to add
- a second bearer link taking an altern.ative route in order.to improve _the reliability of
the link should the quality of the signal over the first link drop below a certain

10 level. However, the opportur\ities for multicasting and cembining paths are
obviously grea{er when there is a small amount of traffic on the system.
Therefore, if the traffic Ie\)e! increases it rhay be necessary for the mobility
mﬁlticasti_ng function C'* to reduce the number of paths used by a particular call in
order to allow the increased traffic to use the system. This means that for the
15 existing call_there may be a drop in the quality of the link, but this is necessary in
| order to handle all the traffic required at peak times. Conversely, if the amount of
traffic falls then more bearer links become free and can be re-allocat'ed_to increase

~ diversity for the remaining calls. | | |
Multicasting 'and_ cembining, although the funt:t_ions ~are
- 20 | eomplementary, may exist as  separate functions in one or more unite not.
.. necesserily even at the same location. For a carl in which data is travelling in both
directions it is obviously necessary to have common neiwork termin'at'ions, but it is
possible for the two directions of data ﬂeW_ to pass over quite different
combinations of bearers, so that the upetream and downstream pathe or plurality
. 25 of paths are not coincident e.g. in _Fig 5 up via 'node.s 2_2a; 22b, '225," 22g; and -
down via nodes 22g, 22f, 22d, 22a.. However, in a more tYpical case, a
multicasting unit in the upst'rea'm direction corresponds topelogically with a
_ combining unit in a downstream direction and vice versa. _ '.
| A fourth embodiment, shown in figures 8 and 9, provides a
30 communication system with a bridging function. Figure 9 shows the arrangement
the physical reallsatlon of this embodrment m a mobile radio network. In selected
switching nodes 32a of the network, and also in base statidns 37a, 37b, there are.

bridging units 31a,b,c which allow links to be set up between bearers. According
This is the repiacement sheet
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- 31°16. A met hod according to either claims 14 or 15 wherein the
processi ng conprises collecting neasurenent data from nore than one
functional el ement and perform ng a conparison between such data. 5 17.
A nmet hod according to claim16 wherein thez.{reasurerrent data is a-

to the embodiment, by arranging for the intelligence and the function it controls to
be physically separate, bridging can be provided at points i'n_the network where
there is no control mtelhgence ' |

According to thrs embodrment by arrangmg for the |ntell|gence and

[$1]

the function controlled by the mtelhgence to by physrcally separate, bridging can
be provrded at points in the network where there is no control intelligence.

Figure 8 shows the functronal relationships between the varlous
elements of the embodiment. _ ' _ _ |

in this figure, two applications C'"' make use of the bridging
10 functions. These applicetions both send instructions to set up bridging links to
processor unit A''' which pro'cesses the instructions and passes.them_ to the

M The processor unit A" comprises three

appropriate bridging functions B
modules, an external interface 33 for handling incoming signals from applications
c'", and if necessary converting th_e_rn to a common format, a processing module

15 35 for allocating the signals to the appropriate bridging units, and an instruct and
receive module 36 for formatting and transmitting the processed signals to the
bridging unit. _ o '

'An'application_' ¢! which requires the .use of the bridg'ing control

function can eornmunicate with the external interface module 33 of the proceesing

20 unit Am.. Such applications may include handover or'conference'bridging. These
two applications .are quite different in the way that they operate.

_ Handover happens automatically as a result of changes in signal
quality measured between a mobile unit and the base stations nearest to it. As the
quality declines from one base station and increases at the next base station a -

25 decision is taken by the 'hénd_oVer applicatian platform that the mobile units
communication should be. handed over from the first base station to the second. In
preparation.for this a "bridge" is-sﬂet up between the existing base station-to-
network link and the new base station-to-network link. Therefore ‘when the
decision to handover is made there is then no delay in estabhshlng the new link. ln

30 this embodiment handover is treated as a discrete event.  This is a simple case
and assumes that diversity, as described.in the previous-ernbodiment is not also

being used. However, the diversity of the previous ‘embodiment could be
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measuré of a quality of a signal. 18. A net hod according to claim 16
or .claim 17 wherein the processing includes the identification of the
functional elenent fromwhich the neasurenent 10 value is closest to a
predet.er mi ned or opti mum val ue. 19. - __A nethod according to any of
clainms 13 to 18 when dependant on cl ai m 722 wherein the processing unit uses
the nmeasurenent data to control handover of a user termnal from one '

network ter ghR@idedNwith ANOtH¥dgind 2mbodiment to provide a "soft handover” where

signals are received from more than one base station at a time but
different weightings -are given td the signals depending on the quality of each
signal. | |

5 The functions B''! must be capable of operation as part of different
network elements, and therefore have different formats for their operating
instructions.  Signals are sent to the .in'dividual functional units B''' giving

_ instructions to them as to the connections to be made. The bridging function g

Y11 46 confirm that the instructions

send information back to the proc_:e'ssing unit A
10 have been performed or have failed. These signals are converted into a standard
format within the instruct and receive module 36 of the processing unit A The

external interface module 33 of the pro_cessing'unit A

may . communicate with
“rore than one application c'Y for example with a handover application and a
- conference bridging application. These may themselves each have fh_eir own data
15 formats. Data in these formats is converted by the interface module 33 into a
common format for processing. The processing module 35 within the processing
unit 34 converts the instructions from one of the applications c''? to set up
bridges into instructions to be sent to the bridging function B'"''. This process
includes the selection of which of the physical units 31a,b,c are to be used to set

20 up the individual bridge. Processing unit A also send_s instructions spelcifying _
thé banc.iwidth required in the bridge, and receives information back from the

Y11 if for any reason a bridge cannot be set up as required.

bridging function B

| Figure 9 shows a mobile radio network having a bridging proceés

control unit 34_ located in a mobile sv.vitch.ing centre 40 and -bridging units 31a,

25 31b, 31¢, which may be at a-ny point ét a lower fun_ctional level in the network
e.g. base site control units 32 or base stations 37. For handové_rs the use of a

. bllidging unit 31a in the baée site control unit 32 allow a mobile to be connected to
two base stations 37a, 37b simultaneously, facilitating handover. This ensures
that no data is lost during the handover. Once the bridge i_s established in the base

30 site controller 32 and it is confirmed both that the bridgé is in place and data is

being received from the mobile dn_it through the new base station 37b, the first

base 'station 37a can be released. Were such a bridging function not available, the
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20. . A method according to any preceding claim wherein the
communi cations systemincl udes one or nore nobile units. 21. A

-met hod according to claim 20 wherein the comruni cations 20 systemis a
cellular-radio system 22. - A neth according to any preceding
claim wherein the communications systemincludes fixed term nation
points. 25 23. A communi cations system conprising a plurality of
functional titstrimse statish Ge wouldohaveatopbe celeased rforelss searintimt fthe new
control li ngbor contr q

ase station .s%beis-effectively linked to the mobile unit. -
A difference between the simple conference bridging function and

multicasting is that in multicaéting all paths eventually reach the same destination

(4]

and the signal is _combined, whilst in confer_enée bridging the paths all end at
different places and the signals are ca_rried in their entirety to.each location... .
However, the two functions may be combined with each bridged path itself being
split and combined. Moreover, both multicasting and bridging may be ué_ed in
providing "soft handover®. For the bridging functionality the mobile unit, as seen
10 from different base station_s- during handover, is considered to be two separate
terminations, but in terms of the multicasting functionality it is a cbmbining and
multicasting node. ' o
In all of the described embodiments the basic functions, e.g.
controlling switching measurement and other functions required of the network are
15 built in at the place where the function is required_. The operating par’ameters of
these functions are compatible with the equipment at that location, but are for this
reason different from the parameters of other functions. That. is to say, because
the equipment controlled at different locations in the network is itself different, the
control functions are different. Similarly, the apphcatlons e.g. services or service |
20 elements which control such operatlons as handover, bridging, macro diversity,
etc. are not necessarlly fully compatible w:th each other or with the basic network
'functrons. They may also be located at dlfferent places in the network. Process
control functions provide the necessary interface in order to allow the basic
nefwo_rk functions to be as,simplé_as possible, (dec_isioh making-being_tr’an_sferred
25 elsewheré in the network). The_prdceésing control unit includes an interface
mgdule in order to convert the formats of tl';e sighalling data received from the
basic network functions into a common format which can be"handled by the
processing module itself. The processing module mterprets the mstructlons from
the appllcatlon and determmes what mstructrons need to be sent to the basrc
30 network functions. - '
The opera'tion of the invention will now be described with reference
to Figures. 15 to 20. Figures 15, 1_6 and 17 illustrate three possible changeovers

which can be effected in a simple diversity control system.
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by the ‘functional elenments, characterised in that theré is provided an

I nternmedi ate processor elenment to interface between one application process
element and a plurality of functional elenents, the application process-

el enent or elenents being 30 configured :120 generate commands in a form
which is not specific to the configuratio br ‘types of functional elenents,
and the internediate processor elenent being configured to execute the
commands generated by FrB@re@p’PQ' QQt b ZU QF@?ﬁwﬁlcﬁgﬁgtlll@é&r&fﬁnm bhtaNBows

commands to the functional elenents.
taking place within the system of Flgures 6 and 7 in order to control the system of

figures 15,18, and 17. In this system bridging _functionality is used to provide the

extra connections required for the multicasting and combining functions.

[83]

In each of Figures 15, 16 and 17 the left hand part shows the rmtlal
state and the right hand part the final, desired, state. '

In Figure 15 a connection between points A and B (leg ld1, leg Id2)
is to be released, leaving a single connection (leg 1d3, leg Id4) between those
points. Conversely in Flgure 16 a second connection leg 1d3, leg Id4 is to be
10 added to an existing connection (leg lid1, leg 1id2). _

In Figure 17 a second connection leg Id 1 is added in parallel to an existing

.bearer link leg 1d2 between the same two nodes B, C thus adding a link to an
existing group.

Six message formats are available to external application C'*.

15 - . These messages set up "bridges” between bearer links in orr:Jer to allow
combining and multicasting to take place. Thus in this. embodiment the combiner
and multicasting units 21a, 21b, 21c have bridging functionality. A bridge is
required if more than two nodes are interconnected: a simple point-to- point link
between two nodes uses only one bearer 'Ii'nk and needs no bridging functionality.

20 The six message formats are: | '
1) K " P ast”.
'i'his message instructs the processing module 26 to form a new bridging
group. - This message has parameters specifying the constituent leg_s'thaf form the
' bri'dging group and specifies the incoming and-outgoiﬁg’ legs. ‘It also identifies the
25 type of bﬁdging to be performed (i.e. selective combining active path, etc.}.
2) . Gr '
' This message returns a Group ID (GRP Id} which ldentlfles the bridging
group and the status of the bridging group (i.e. active).
3) "Add-Leq request”. .

30 This message mstructs the processing module, 26 to control the addition of
an addmonal leg to an exrstmg bndgmg group. Th|s message has parameters
lndrcatmg the leg that should be added to the bridging group (Leg ID) and two legs
to which the |dentrf|ed leg should be connected and -the identity of the bridging
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32 24.° A comuni cations system according to claim23 in which two
or nore of the functional elenents and application process el enents have
different data protocols, and wherein the internediate processor elenent
has nmeans for 5 converting data si gnal S |n2tso t he protocol or protocols
appropriate to the I nt ended
group (GRP ID). (The processing module 26 calculates from ltS own knowledge
and this information the legs that require brldgma )
4) -Lea response”.

This response is a Status parameter indicating whether the procedure is
successful. o '
5) "Deletel ea request”.

This message instructs the processi'ng module 26 to control the deletion of

[43]

a leg, identified by the leg ID, from the bridging group, identified by the GRP ID. If
the group consequently ceases to exist the group will be deleted.
10
6) “Del response”.
The response indicates whether the operétion has been successful -and
whether the bridging group still. exists.
Figure 18 shows the operation of the embodiment of ngures 6 and 7
15 to delete a leg from a brldglng group. As shown in Figure 15, the control
application requnres the dropping of one of the two links between point A and B. '
The control.-application C”_, in this case the handover control
application, sends message 401 for the deletion of a leg or legs, Legld 1, from
bridging group GRPID (213, 21'c). “The processing unit 26 IS inform_ed about what
20 procedure it has to perform, in this case the deletion of é leg from the bridging . .
group, by pu_;imitive 402 from t'he. external interfacé module 28. .The processing
module 26 then proceeds to delete the leg by contacting each of the remote
bridging units 21a, 21c, in turn by" rﬁessages 403a, 404a and _403b, 404b
_-'re_spectively and deleting relevant legs from the remote bridging units. - If one
25 active leg is deleted from a path, in the example Legld '1. then the algorithm in the
processing module 26 will also delete any associated legs that have become
uﬁus)ed, in the example Legld 2 (see Figure 15). When the processing module 26
requires to delete a leg from the bridge controlled by the remote bridge _
‘functiona!ity 21a, 216 it -transmits to the instruct and receive module 25 a REL
30 primitive, 403a, containing in_formétion about the Legld to be deleted and a local
identifier uniquely ide'ntifying the bridge at the node. The instruct and receiver
module then sends a Releaselreguest message 404a, in a format that will be

recognised by the remote br_idgin'g fuhctionality_.- In this case the format will be
Thiig is the replacement sheet
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desti nation ej ement or el ements. 25. A communi cations system
according to claim23 or 24 in which the internedi ate processor el enent has
nmeans for determning in response to a given 10 cormand froma application
el ement which of a plurality functional -el ggents are to be operated. 26.

A communi cations system according to clains 23, 24, or 25 in which the

i nternmedi ate processor element has a respective |nterface sub- el enent 15
for each of r@iﬁslVGh’ﬁimpéefmthﬂtltbhdwldgmgefppbmm&\ors @somdstoeih-pb/ndeleteamtbgt he

from a bridge and if the bridge then only has one leg coming in and one leg coming
- out (i.e. there is only one bearer link remalnlng so the bridge is no longer required)

the bridge is deleted The response message 405a lndicates whether the bridging

[$)]

functionality is still active. On receipt of this message by the instruct and receive
module 25, t'he module issues a RES primitive 406a carrying the status to the
processing module 26. The processing module 20 then continues to delete any
other legs from bridges controlled by other bridging functionality {In the example
Combiner 21c) using messages 403b, 404b, 405b, 406b. When the processing

10 functionality 26 has completed dele'ting legs from bridges it returns a delresp
primitive 407 to the external interface module 28 indicating which legs have been
deleted (LegiD1, LeglD2) and the overall status {Status parameter) of the bridging
group. The external interface module issues a SetupGrP resoonse 408 containing
the parameters includes in the_delresp primitive. _

15 Figure 18 shows the operation of the embodiment of figures 6 and 7
to create a new bridging group. The control application, in this ease the handover_
control application C11, asks for the setting up of a bridging group between points
A and B (Figure 16) consisting of the identified legs {LegIDIN,LegID1, LeglD2,
LegiD3, LeglD4, LEGIDOUT).This is transmitted in a requ.est meseage 501.

20 - ' The proceesing mbdule 26 is informed about what procedure it has
pe.rform, in this case the creation of a bridging group from a collection of legs, by a
primitive'502 from the external interface module 28. The processing module 26
then proceeds to create bridges, controlled by bridging functionality, 21a, 21b, 21¢c
at nodes where the processing rnodule_26 calculates bridging needs so_created.

25 When thé processing module 26 requires to set up a bridge using the remote

- bridge functionality 21a, 21b, 21c from a group of legs it issues to the lnstruct- :
and-Receive module 25 an ADD p_rimitive 503 containing information about the
Leglds required to form the remote bridge at a node, to the instruct and receive
module 25. The instruct and receive module 25 then sends a Setup request

_30 message 504a in a format that will be recognised' by the remote bridging
functionality 21a. In this case tne format will be again relatively simple in that the
bridglng functionality 21b is assumed to simply create a bridge. The format

"specifies the legs that are to form a brid'ge and the type of bridge required. The
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i nterface sub-el ements have rreané for adapting data into a format suitable
for the respective elenent. 27. A communi cati ons: system according to
any of clains 23 to 26 in 20 which a common interface sub-el enent of the
i nt ermedi ate processor conprises neans fokysending and receiving signals to
and from each of a plurality of functional or application process elenents.
28. A comuni cati‘ons systém according to either one of clains 26 or
27 25 wher edsponse messpge 6066 indicates whetbel doe bgdging Ifanetinralifyo 21k dnditiee
data t 0 eac gr the operation has failed. On receipt of this message by the processing module
26 carrying the status, the processing module 26 then continues to form any other
‘bridges required. (l;'l the example bridging functionality 21 b).. When the processing
5 module 26 has completed cre'ating bridge's it returns a grpsetres primitive 507
continuing a GRPID, allowing simple ldentlflcatlon of the bridging group, and the
overall status (Status parameter). of thr yessage 508 containing the parameters
present in the grpsetres primitive 507. _ ' | '
_ Figure 20 illustrates the addition of a leg to. an existing brldglng
10 group using the embodiment of flgures 6 and 7. The control application, in this
case the handover control application, sends a request’ 6_01 asking for the addition
of one or more légs, LeglD, to the existing bridgi'ng group GRPID. (See Figure 17).
' The processing module 26 is informed about what procedure it has to perform, in
~ the case the addition of a leg to an existing bridging group, by a primitive 602 from
15 the external interface module. The processing module then proceeds to0 add the
leg{s) by contacting each of the remote bridging units in turn and adding relevant
legs to remote bridging units in forming new bridges. When the processing module
26 requires to add a leg to a bridge controlled 'by a remote bridge functionality
21b, it issues an add primitive 603a conta_ining information about the Legld to be
20 added and a local identifier uniqu’e'l.y identifying the bridge at the node, to the
instruct and receive module 25. The instruct and receive _modulé 25 then sends an
Add_ reqt.Jest_message 604a in a format that will be recognised by the remote
-bridging functionality 21b. In this case the format will.be again relatively simple in .
that the bridging functionality 21b is assumed to simply add a leg to a-bridge and
25 hence fequires only the legld and the local bridge reference. The res'pon'se
" message 605a indicates the status of the 'bnlidge {i.e. acti\./e or not active). Oon
rec':eipt of this message by the fnstruct and receive module 25, thé module issugs_
an address primitive 606a to thé- processing module carrying the status. T_‘he.
. processing module then continues to either add new legs to bridges controlled by
30" other bridging functiona!ity 21b or to setﬁp a new bridge (In the example a SETUP -
request 604b is sent to bridging funétibhality 21 a). {Messdges 603b, 604b, 605b,
606b). When the processing functlonahty has completed adding legs to bndges or

creating new bndges it returns a prlmmve 67 to. the external interface module 28
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functi onal - and/ or application process el enent has means for. providing a
data signal having an address code for the intended functional or

application process elenent. 29. A conmmruni cati ons system accordi ng
to any one of clainms 23 to 28 30 haV| ng a plurality of application process
el ement s. 33 58 _

indicating the overall status of the add operation. The ex_ternal interface module
28 issues a Addleg response 608 containing the parameters included in the
pnmmve 607, _
The embodlments described above are referred' to a cellular
5 telecommunications network in which the traffic-bearing links alse_carrying the
nece‘seary cor\{rol signa.lling' to operate the present embodiment. The invention
may. be applied to any comrriunications sys* - in which control and monitoring
functions are required at. points distributed throughout the system. Dedicated |
srgnalllng links may be used if ‘the system to which the invention is applied has no

10 other surtable links avallable
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_30. * A conmmuni cations system according to any one of clains 23 to
29, having dedicated signalling links for transmtting signals between the
“internmedi ate processor and the functionaf elements and the application

process elenments. 5 31. A conmuni ions systemaccording to any’
one of claims 23 to 30 wherein the systemis a tel ecomrunications system
32. A communi cations system according to cl ai m 31 wherein the

systemis a cellular radlo net wor k. 10QLA1M_$.

1. . A method of operatlng or comrolhng a communlcatlons system

“having functicnal e!ements and apphcatlon process elements each controlling a

[$1}

plurality of the. functional elements, the method comprising the' transmission of
commands by - the appiieétion'process.'element.s to an interface element the
commands transmitted by the application proces. erhents being ihdepencjent of
 the type or configuration of the functional elements, and the conversion of said
commands to commands suitable for controlling the functional elements. '
2. A method according to claim 1 in which two or more of the
functional elements and appiicatio'n' process elements use det_a in different formats
and the processing includes conversion of data generated by one of t'ne elements
into a format appropriate for the element or elements for which the data is
15 intended. | | .

3. A method according to claim-1 or 2 in which at least two of the
functional elements and application process elements use different operating'
protocols, and the processing includes translation of incoming data into a protocol

20 suitable for the element or elements for which the data is intended.

4.. . A methed according to any preceding.claim in which the processing

includes addressing signalling packets to individual functional elements.

- 25 b, A method ac'c':ording 10 any preceding-cfaim ‘wherein the processing
mcludes the selection of the functional elements and/or apphcatlon process

. elements to which the data flow is to be transmitted.

6. A method according to any preceding claim wherein the application |
30 process element controls a high level service function and the processing of data °

includes the operation of functions in support of the high level service function.
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33. s A communi cations system according . to claim31 or 32 wherein at

| east some signalling |inks for transmtting signals between the processor
function elenment and the functional elenments and/or the application
el.enents are provided by tel ecommunications |Iinks of the network. 15 34.

A communi cations system according to any %{ae of clainms 23 to 33 wherein the
functional elenents include neans for neasuring operating characteristics
of the system o ' ' : -
7. A method according to claim 6 wherein the processing includes the

setting up of a handover of a user terminal irom one network termination to

another.

o1

8. - A method according to claim 6 or claim 7 in which the processing

includes the setting up of multicast functions by suitable functional units.

9. - A method according to claim 8, 7 or 8 wherein the processing
controls a functional element to combine a plurality of data streams arriving at a

10 node into one outgoing data stream.

10. A method according to claim 9 wherein the processing controls the

synchronisation of the incoming data streams.

15 11.. A method according to any of claims 6 to 10 in which the functional
elements include a capability to form bridges between bearer linké, wherein the

processing inciudes the creation and release of such bearer bridges.

12. A method according to claim 11 wherein the processing includes the
20 -arrangement of a bridging connection as part of a handover operation of a user

terminal from one network termination to another.

13. A method according to any preceding claim. whenf_ei__q .th_e' procgssing
_ includes the processing of measurement data. _ | o
25 R

14. A method according to claim 13 wherein.the processing includes
mathematical operations performed on the data from one or more functional
elements. | . N

30 _
15. A method act:ording to claim 14 wherein the processing includes the

calculation of a time average of data ;eceii/ed from a network operating function.
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20 35’ : A communi cations system-according to any one of clains 23
to 34 wherein the functional elenents conprise neans for creating bridges
bet ween bearer |inks of the system 36. : A conmmuni cations system
according to any one of clainms 23 to 35 25.wherein the functional elenents
conprise means for multicasting and/or comblning data flows carried by
bearer |inks of the system 37. A communi cations system accordi ng

to any one ofgclaims 23 trﬂe%.@ haui 18ind" +8PRK, St SRsPACesS & enent . f or
control of handaver of a nmobile tarm fal Bith &AL S 18 ARGl Othe
. processing comprises collecting measurement data from more than one functional

elemen‘_c and performing a comparison between such data.

-5 17. A method according to claim 16 wherein the measurement data is a

measure of a.quality of a signal.

18. - A method according to claim 16 or ciaim 17 wherein the proceséing
includes the identification of the functional element from which the measurement

10 value is closest to a predetermined or optimum value.

19. ' A method according to any of claims 13 to 18 when dependant on
claim 7, wherein the processing unit uses the measurement data to control
handover of a user terminal from one network termination to another.

15 |
20. A method according. to any preceding claim wherein the

. communications system includes one or more mobile units.

21. A method according to claim 20 wherein the communications

20 system is a cellular radio system.

122, A method ac'cordihg to any preceding _Claim wherein the
communications system includés.ﬁxed termination points. |
25 23, ~ A communications system comprising a plurality of functional
elements and one or more application process elements fbr controlling or controlied
'by the functional elements, charaéterised in that there is 'provided an intermediate
processor elem_ent to interface between one application process element and a
plurality of functional elements, the application process element or elements being
. 30 configured to generate commands i_ri a form which is not specific to the
“configuration or types of functional elements, and the’ intermediate pfoceésor_
elemént'being configured to execute the commands generéied by the application

process element by transmitting commands to the functional elements.
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30 fromone systemterm nation to another. 1 38. A

communi cations system according to any one of clainms 23 to 37 havi ng an
application process elenent for controlling establlshnent of conference
bri dges.

32

24. _ A commumcat:ons system accordma to claim 23 in which two or -
more of the functlonal elements and application process elements have dlfferent

data protocols, and wherein the intermediate processor element has means for

m

~ converting data signals into the protocol or protocols appropriate to the lntended

destination element or °Iem=nts

25. A communications system according to claim 23 or 24 in which the
intermediate processor element has means for determining in response to a given
10 ‘command from a application element which of a plurality functional elements are

to be operated.

- 26. | A communications system according to claims 23, 24, or 25 in
| which the intermediate processor element has a respective interface sub-element
15 for each of one or more functional or application process elements, and the
interface sub-elements have means for adapting data into a format suitable for the

respective element.

27. A communications system according to any of claims 23 to 26 in
20 'which a common interface sub-element of the intermediate processor comprises
means for ‘sending and receiving signals to and from each of a plurahty of

functlonal or appllcatlon process elements

28. A communications system according to either one of claims 26 or 27
25 whereir the respective common interface sub-elements for sending data to each
' fu_nctional and/or application process element has means for providing a data signal

having an address code for the intended functional or application process element.

28, A communlcatlons system according to any one of claims 23 to 28

30 having a plurality of appllcatlon process elements
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5:39.“ A. commruni cati ons systénlaccording to any one of clainms 23 to
38 having an application process elenent controlling diversity routing

over communi cation ths of the system 40. - A communi-cations system
according to any of clains 23 to 38 10 whséei n the systemincludes at |east
one nobile unit. 41. A comuni cat Fons system according to claim

40, wherein the comunications systemis a cellular network 15 42.
A communi cagoons syst q@nrfinitaiibns Gy8fif @bcédfig™® &% oh® of laims 23 to 29,

having dedicated signalling links for transmitting signals between the intermediate

processor and the functional elements and the application process elements.

[$)]

31. A communications system according to any oné of claims 23 to 30

- wherein the system is a telecommunications system.

32. A communications system according to claim 31 wherein the system
is a cellular radio network. ' '

10
33. . A communications system according td'clai_m 31 or 32 wherein at
least some signalling links. for tr.ansmitting signals between the processor function
element and the functional elements and/or ihe application elements are provided
by telecommunications links of the network. |

15
34. A communications system according to any one of claims 23 to 33
wherein the functional elements include means for measuring ' operating

characteristics of the system.

20 35. : A commumcatlons system accord.ng to any one of claims 23 to 34
whereln the functional elements. comprlse means for creatlng bridges between

bearer Imks of the system.

36. A communications system according to any one of claims 23 to 35
25 wherein the functional elements comprise means for multieastin_g and/or combining

data flows carried by bearer links of the system.

37.. A communications system according to'eny one of claims 23 to 36
having an application process element for control of handover of a mobile terminal

30 from one system termination to another.

MU 7 oo
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wher ei n" t he comuni cations systemincludes at |east one fixed terninal. 43.
An internediate processing unit for a communi cations systemfor controlling
a nunber- of functional elements of the systemunder the control of or 20
‘controlled by one or nore application process el ements of the system
conprisiing an external interface nodul e fo84receiving commands from an
application process elenent in a formnot- specific to the configuration or
type of the nctional ,el ements, an instruct and receive m)guke f

executing t heocommands AsEPTPEWEIGAEIENS fYStEML ASRPTPISY THeRTS £ cq\'@s%& 2dnal
el enents reqndviRl ahCappRE&EErE pFdtRss element for controliing establishment of conference

bridges.

39. ~A communications system according to any one of claims 23 to 38

(¢)]

having an application. process element controlling diversity routing over

communicatiol  :ths of the sysiem,

"~ 40. - A communications system according to any of claims 23 to 38

10 wherein the system includes at least one mobile unit.

41. A communications system accoi'ding to claim 40, wherein the

communications system is a callular network

15 42. A communications system according to any of claims 23 to 41,

wherein the communications system includes at least one fixed terminal.

43. . An'intermediaté brocessing unit for é communications system for
controlliing a number of functional elements of the system under the control of or

20 controlled by one or more application process elémeh_ts of the system comprising
~an external interface module for receiving commands from an application process
elenﬁent-in a- form not specific to the configuration or type of the functional
elements, an instruct and receive module for executing the commands so received

and - transmitting them  to the functional elements required to execute the
25 command, an.d a processor. module- for processing data passing between the

functional elements and the application process element.

44, An intermediate processing unit according to claim 43 in which the
instruct and receive module converts signals between a processing format gsed by
30 the processing module and individual operating formats used by the individual

‘functional elements.
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25 command, and a processor. nodul e for processing data paSS|ng betmeen
the functional elenents and the application process el enent. 44. An
i nt ermedi ate processing unit according to claim43 in which the instruct
and receive nodul e converts signals between a processing format used by 30
t he processing nodul e and i ndi vi dual operaﬂing formats used by t he

I ndi vi dual functional elenents.

45, . An mtermedlate processing unit accordmg to claims 43 or 44 in
which the instruct and receive module comprises means for selecting the

functional elements to or from which signals are to be distributed and/or received.

48, 7 An intermediate processing unit according to claim 45 comprising

1

means for communicating with each functional element sequentially.

47. -An intermediate processing unit accdrding to claim 45 in which the
instruct and receive module comprises means for sending messages each with an

10 associated address code corresponding to an individual functional element.

48, An intermediate proces'sing unit according to any one of claims 43 to
.4'7 wherein the external interface module comprises means for converting signals
from the processing module into a format useablé by an associated application

15 process element.
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35 45. ' An intermedi ate processing unit according to clainms 43 or 44
in which the instruct and receive nodul e conprises neans for selecting the
functional elenents to or fromwhich signals are to be distributed and/ or

recei ved. 46. An internediate processing unit according to cIa|n145
conpri sing means for communicating with each functional el ement
sequential ly. 47. An internedi at ¢/pgocessing unit according to

claim45 in which the
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instruct and receive nodul e conpri ses means for sending nessages each with
an 10 associ ated address code corresponding to an individual functional
el ement. 48. An internedi ate processing unit according to any one
of clains 43 to 47 wherein the external interface nodule conprises neans
for converting signals fromthe processing/ﬂfdule into a format useabl e by
an associ ated application 1 5 process el enent. ' _
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