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Network manager 20 receives operating parameter values and NRT from each
base station in the n" cluster, and current size of set of operating parameter
values for the n™ cluster, kg

Network manager 20 creates a first graph for the first cluster based on the
operating parameter values and NRT data

Network manager 20 partitions the first graph into k sub-graphs and stores a first
conflict value in memory

Network manager 20 creates a second graph for the first cluster based on the
operating parameter values and NRT data

Network manager 20 partitions the second graph into k sub-graphs and stores a
second conflict value in memory

Network manager 20 calculates an overall conflict value for the value of kK in
memory based on the first and second conflict values

Evaluate overall

K++ conflict value for other (87)
Yes values of k?
No
N+ Yes Evaluate other (88)
Clusters?

Network manager 20 determines whether to initiate an operating parameter value
related change based on the one or more overall conflict values

Figure 4
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CELLULAR TELECOMMUNICATIONS NETWORK

Field of the Invention
The present invention relates to a cellular telecommunications network and a method of

operating the same.

Background

A cellular telecommunications network includes a plurality of base stations which each
serve a plurality of User Equipment (UE) within the base station’s coverage area (known
as a “cell’). The base station must operate within defined sets of operating parameters,
such as transmission power, Physical Cell Identifier (PCl), or Inter-Cell Interference
Coordination (ICIC) resource assignment. The selection of a particular operating
parameter from each set of operating parameters has a significant impact on the overall
performance of the cellular network due to the likelihood of interference should any two
base stations have conflicting values for a particular operating parameter (e.g. two
neighbouring base stations having the same PCI| value, such that a UE or other
neighbouring base station cannot discern between their transmissions without the further
computational burden of decoding a unique identifier, such as the E-UTRAN Cell Global
Identifier (ECGI)).

In recent years, Heterogeneous Networks (HetNets) have become an increasingly
popular solution to the growing demand for cellular networking services. HetNets include
a number of different base stations which are of different forms, such as macro base
stations and the various base stations which are generally referred to as “small cells”
(such as femto base stations, pico base stations, metro base stations and micro base
stations). Prior to the introduction of HetNets, cellular network operators were able to
pre-plan the location and operating parameters of each macro base station in order to
minimise any operating parameter conflict (and therefore maximise performance).
However, the small cells of HetNets are often deployed in an ad-hoc manner (for
example, by being positioned by the end-user and having Its operating parameters
selected by Self-Organising Network (SON) algorithms, which may differ between

network operators), such that the likelihood of operating parameter conflict increases.

Another technique employed by cellular network operators is that of ‘pooling’, in which a

set of operating parameters are divided into subsets which are designated to a particular
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group of base stations. An example of this technigque is PCI pooling, in which the set of
504 PCI values are divided into subsets, and a particular group of base stations (such
as a group associated with a particular operator, or a group associated with a particular
transmission range) must use one of those subsets. This can be useful for the base
station’s SON algorithms, as certain characteristics of their neighbours can be
determined simply by decoding their PCls. However, the reduction in size of the set of
operating parameters available to a group of base stations increases the likelihood of

neighbouring base stations having conflicting operating parameters.

Accordingly, an operator of a cellular network having a plurality of such pools is
presented with an optimisation problem for the size of each subset of operating
parameters for each pool. That is, as a subset for one pool increases, the likelihood of
a conflict within that pool decreases. However, an increase in a subset for one pool
typically results in a reduction in a subset for another pool, such that the likelihood of a
conflict in the other pool may increase. A further problem is known in that any change in
the subset for a pool may require a period of service interruption whilst each base station
(and its connected UES) reconfigure.

It is therefore desirable to alleviate some or all of the above problems.

Summary of the Invention

According to a first aspect of the invention, there is provided a method of operating a
cellular telecommunications network comprising a plurality of base stations, wherein
each base station of the plurality of base stations has an operational parameter being
one of a set of values, wherein the set includes k values, the method comprising the
steps of: defining a first graph comprising a first plurality of nodes and a first plurality of
edges, wherein a node of the first plurality of nodes represents a first base station of the
plurality of base stations, and an edge of the first plurality of edges represents a first
neighbouring relationship between two base stations of the plurality of base stations,
wherein each edge of the first plurality of edges has an associated first weight value;
partitioning the first graph into a first set of sub-graphs, wherein the first set of sub-graphs
iIncludes k sub-graphs, each having a subset of the first plurality of nodes and a subset
of the first plurality of edges, such as to minimise a first sum value of all first weight values
associated with each edge of each subset of the first plurality of edges in all sub-graphs

of the first set of sub-graphs; calculating a first conflict value based on the first sum value;
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and Initiating a change relating to the operating parameter to one or more base stations

in the plurality of base stations if the first conflict value satisfies a condition.

Embodiments of the present invention have the benefits of allowing a cellular network
operator to objectively evaluate whether a change in an operating parameter would be
beneficial based on the first conflict value. The change may be whether the size of the
set of operating parameter values should be increased or decreased, or whether the
values for a base station of the plurality of base stations should be reselected.

The method may further comprise the steps of: partitioning the first graph into a second
set of sub-graphs, wherein the second set of sub-graphs includes m sub-graphs, each
having a subset of the first plurality of nodes and a subset of the first plurality of edges,
such as to minimise a second sum value of the first weight values associated with each
edge of each subset of the first plurality of edges in all sub-graphs of the second set of
sub-graphs; and calculating a second conflict value based on the second sum value,
wherein the step of initiating a change includes determining whether the set of values for
the operational parameter should have k or m values based on the first and second
conflict values. Thus, the cellular network operator may determine whether to change
the size of an operating parameter set (from k to m) based on their respective conflict
values. It may be determined to initiate such a change if the second conflict value

satisfies a threshold.

The method may further comprise the steps of: defining a second graph comprising a
second plurality of nodes and a second plurality of edges, wherein a node of the second
plurality of nodes represents a second base station of the plurality of base stations, and
an edge of the second plurality of edges represents a second neighbouring relationship
between two base stations of the plurality of base stations, wherein each edge of the
second plurality of edges has an associated second weight value; partitioning the second
graph into a third set of sub-graphs, wherein the third set of sub-graphs includes k sub-
graphs, each having a subset of the second plurality of nodes and a subset of the second
plurality of edges, such as to minimise a third sum value of the second weight values
associated with each edge of each subset of the second plurality of edges in all sub-
graphs of the third set of sub-graphs; and calculating the first conflict value based on the

first and third sum values. Thus, the conflict value may be determined by evaluating a
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plurality of graphs which each represent a particular conflict (e.g. the first graph
representing a PCI collision and the second graph representing a PCI confusion).

The method may further comprise the steps of: partitioning the second graph into a fourth
set of sub-graphs, wherein the fourth set of sub-graphs includes m values, each having
a subset of the second plurality of nodes and a subset of the second plurality of edges,
such as to minimise a fourth sum value of the second weight values associated with each
edge of each subset of the plurality of edges in all sub-graphs of the fourth set of sub-
graphs; and calculating the second conflict value based on the second and fourth sum
values. The cellular operator may therefore determine whether or not to initiate a change
INn the size of an operating parameter set based on a conflict value which is evaluated
based on the first and second graphs.

The operational parameter may be a Physical Cell Identifier, PCI, and the set may be a
PCIl pool. Furthermore, the first weight value may represent a PCI conflict and the

second weight value may represent a PCIl confusion.

If it is determined that the set should have m values, then the method may further
comprise the step of: causing the first base station of the plurality of base stations to
reconfigure the operational parameter based on the set of values, wherein the set

INcludes m values.

The step of determining whether to initiate a change may include determining whether
the first base station in the plurality of base stations should reselect its operational
parameter based on the first conflict value.

According to a second aspect of the invention, there is provided a computer program
comprising instructions which, when the program iIs executed by a computer, cause the
computer to carry out the steps of the method of the first aspect of the invention. The
computer program may be provided on a computer readable medium.

According to a third aspect of the present invention, there is provided a network node for
a cellular telecommunications network, the network node comprising a receiver
configured to receive an operational parameter value associated with each base station
of a plurality of base stations, wherein the operational parameter values are each one of
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a set of values; and a processor configured to carry out the method of the first aspect of
the invention. The network node may be part of a cellular network.

Briet Description of the Figures

In order that the present invention may be better understood, embodiments thereof will
now be described, by way of example only, with reference to the accompanying drawings
IN which:

Figure 1 i1s a schematic diagram of an embodiment of a cellular telecommunications
network of the present invention;

Figure 2 is a schematic diagram of a base station of the network of Figure 1;

Figure 3 is a schematic diagram of a network manager of the network of Figure 1;
Figure 4 is a flow diagram of an embodiment of a method of the present invention;
Figure 5 is a first graph used in the method of Figure 4; and

Figure 6 is a second graph used in the method of Figure 4.

Detailed Description of Embodiments

An embodiment of a cellular telecommunications network 1 will now be described with
reference to Figures 1 to 3. The cellular network 1 is a Heterogeneous Network (HetNet)
having a macro base station 10 with a coverage area 12 (typically known as a “cell”).
The cellular network 1 includes a first, second and third cluster 100, 200, 300 of femto
base stations. In this example, the first cluster 100 includes ten femto base stations, the
second cluster 200 includes twenty-five femto base stations, and the third cluster 300
includes thirty-five femto base stations. In Figure 1, an outline of the overall coverage
areas of the first, second and third clusters 100, 200, 300 is shown (rather than the

coverage area of each femto base station) for simplicity.

Figure 1 also illustrates a network manager 20 of the cellular network 1, which is
connected to the macro base station and each femto base station of the first, second
and third cluster. The cellular network 1 further includes several User Equipment (UE)
connected to each base station, but these are not shown in Figure 1 for simplicity.

Figure 2 illustrates a first femto base station 110 of the first cluster of base stations. The
femto base station 110 includes a first transceiver 111, a processor 113, memory 115
and a second transceiver 117, all connected via bus 119. In this embodiment, the first
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transceiver 111 is an antenna configured for cellular communications according to the
3" Generation Partnership Project (3GPP) Long Term Evolution (LTE) protocol, such
that any connected UEs may be provided with voice and data services, which will
typically use the processor 113 and memory 115 modules. In this embodiment, the
second transceiver 117 is a fibre optic connection to the cellular core network (known as
a “backhaul”), such that the femto base station 110 may connect to the network manager
20, packet-data networks (e.g. the Internet), and other core network services.

Several processes of the first femto base station 110 will now be described. As noted in
the Background section above, cellular networking protocols (such as LTE) define
several operating parameters, each having a set of values, and each base station must
use one or more values of each of these sets of values in order to operate in accordance
with the protocol. For example, the Physical Cell |dentifier (PCIl) is an operating
parameter which has a set of values between 0 and 503. Each base station must select
and use one of these values. In this embodiment, the processor 113 of the first femto
base station 110 includes a plurality of Self-Organised Network (SON) algorithms,
including one SON algorithm to select the PCI value from the set of PCIl values. In a
second process, the first femto base station 110 is configured to populate a Neighbour
Relations Table, NRT, which identifies nearby base stations and several of their
operating parameters, which is stored in memory 115. This may be populated by
instructing its connected UEs to search for nearby base stations and prepare
measurement reports, or by a Network Listen function in which the first femto base
station 110 mimics these UE functions to directly determine the identities and operating
parameters of its neighbours (e.g. by the cooperation of the processor 113, first
transceiver 111, and memory 115). In this embodiment, the first femto base station 110
Is configured to report its selected values of each operating parameter (e.g. PCIl) and its

NRT to the network manager 20 via the second transceiver 117.

The macro base station 10 and other femto base stations of the first, second and third
clusters 100, 200, 300 include the same elements as the first femto base station 110
described above, although there may be differences depending on the deployment
scenario (for example, the macro base station 10 will have a greater transmission power
such that it may transmit over a greater coverage area, and Is more likely to have Its
operating parameter values selected by the cellular network operator rather than by a
SON algorithm).
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Figure 3 illustrates the network manager 20 in more detail. The network manager 20
includes a first transceiver 21, a processor 23 and memory 25, all connected via bus 27.
The first transceiver 21 is an optical fibre connection with each base station of the cellular
network 1 and to other cellular core entities. In this embodiment, memory 25 includes a
database having several tables, which will now be described. A first table i1s a base
station table, which identifies each base station in the cellular network, their operating
parameter values, and the contents of their NRTs (as reported from each base station).
A second table is a network table, which identifies certain properties for each operating
parameter (such as the subset of values allocated to a cluster, any unallocated values
within each cluster, and several operator defined thresholds). The value of this data will
become clear upon review of the method of the present invention.

An embodiment of a method of the present invention will now be described, with
reference to Figures 4 to 6, in which a cellular network operator is optimising PCI
allocations within the cellular network 1. In a first step (S1), the network manager 20
receives the PCI for each base station in the cellular network 1 (including the macro base
station 10, and each femto base station of the first, second and third cluster 100, 200,
300), and stores these values in memory. The network manager 20 also receives the
NRT for each base station in the cellular network 1, which identifies each base station’s
neighbour, and stores these values in memory. This data allows the network manager
20 to identify any two neighbours which have a direct PCI conflict (that is, two base
stations whose respective coverage areas cover the other base station and whose PCI
values are the same), any two neighbours which have an indirect conflict (that is, two
base stations whose respective coverage areas cover the other base station and whose
PCI values are not the same but are known to interfere, such as a mod-3, mod-6 or mod-
30 conflict), and any two base stations which have a PCI confusion (that is, two base
stations whose PCI values are the same and whose respective coverage areas do not
cover each other but cover a common neighbouring base station).

In step S2, the network manager 20 creates a first graph 500 for the first cluster 100 of
base stations in the cellular network 1 based on this data. The first graph 500, as shown
In Figure 5, includes a plurality of nodes 500a...500j, which represent all ten femto base
stations in the first cluster 100. The first graph 500 also includes a plurality of edges
550a...550e which each terminate at two of the plurality of nodes 500a...500j. In this
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first graph 500, an edge terminates at two of the plurality of nodes 500a...500j if the two
femto base stations represented by those two nodes have a direct or indirect PCI conflict.

In step S3, the network manager 20 partitions the first graph 500 into k sub-graphs,
wherein k is the size of the PCI pool (e.g. if the PCI pool includes values 0, 10, 12, 13,
and 14, then the value of k is 5), such that each sub-graph includes a subset of the
plurality of nodes 500a...500] and a subset of the plurality of edges 550a...550e in such

a way so as to minimise the following equation:

Conflict = Y eages X1Y1 T X2Y2 + X3Y3 + X4 Ya (1)

Where x; denotes a first edge type in a sub-graph representing a direct PCI conflict and
y11s a first weighting representing an impact on network performance for the first edge
type, x> denotes a second edge type in a sub-graph representing a mod-3 PCI conflict
and y- is a second weighting representing an impact on network performance for the
second edge type, xzdenotes a third edge type in a sub-graph representing a mod-6 PCI
conflict and y3 Is a third weighting representing an impact on network performance for
the third edge type, and x; denotes a fourth edge type in a sub-graph representing a
mod-30 PCI conflict and y, is a fourth weighting representing an impact on network
performance for the fourth edge type. These weightings, which are stored in the second
table in memory 25, are defined by the cellular network operator and, in this example,
are yi=1, y»=0.2, y5=0.05, y,=0.05.

The process of partitioning the first graph 500 into k sub-graphs so as to minimise the
total weight of all edges joining nodes in all sub-graphs is known as the “minimum k-
partition”™ problem. There are several technigues that may be used by the network
manager 20 to perform this process and, in this embodiment, the network manager 20
uses the lterative Clustering Heuristic (ICH) technique detailed in “A branch-and-cut
algorithm based on semidefinite programming for the minimum k-partition problem”
(Ghaddar, B., Anjos, M.F. & Liers, F. Ann Oper Res (2011) 188: 155.
doi:10.1007/s104/79-008-0481-4), although as an alternative the network manager 20
may also use the technique detailed in “Semidefinite relaxations for partitioning,
assignment and ordering problems” (Rendl, F. Ann Oper Res (2016) 240: 1109.
doi:10.1007/s10479-015-2015-1). These articles are hereby incorporated by reference

In their entirety. For completeness, the ICH technigue will now be summarised.
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Given a graph G(V,E) with n vertices, weights w; between vertices / and j, and number

of partitions k, and the following Semidefinite Programming (SDP) relaxation:

MiN )i jev,i<j Wi j w_lz{ﬁ (2)
s.t. X;; =1 VieV (3)
Xjz— VijeV,i<j (4
X 0 (5)

Then the heuristic is described in the following algorithm:

~ W h =

Initialise a parameter r, the current number of partitions, to zero;

Initialise a parameter m, the current number of nodes, to n;

Initialise a tolerance tol, for example, to/ = 1.7;

Solve the SDP relaxation (equations 2 to 5) with m nodes and get the optimal
solution X*;

Take each triplet of vertices /, j, and h and sum the values on their edges: T;;, =
X'+ X+ Xin

Sort the values of T,

(a) Choose vertices 4, /, and hwith T;;;, = tol to be in the same partition

(b) If any vertices remain unassigned to a partition, choose vertices with

Tijn < tol to be In separate partitions

(C) Update rto be the number of current partitions

If r> Kk,

(a) Aggregate the vertices that are in the same partition into a single vertex.
Call these new vertices 1°, 2°,....,r.

(b) Set m=r and create the new aggregate weight matrix with entries w; ;» =

Ziei’,jej’ Wi ;
(c) Return to step 4.
End

It is noted that equation (5) means that the matrix Xis required to be positive semidefinite,

or in other words the scalar value v’ Xv is non-negative for any vector v. Furthermore,

SDP programs can be solved using known software such as DSDP (hiips./neos-

(Fitio /A GV X

SOTVer.ora/mnens/soivers/sgn: DS DP/SEIFA b

) or

CVXPY

grafen/lalest).
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Following step S3, the network manager 20 stores the PCI conflict value (being the value

of the sum of equation 1) in memory 25.

In step S4, the network manager 20 creates a second graph 600 for the first cluster 100
of base stations in the cellular network based on the data stored in memory 25. As
shown in Figure 6, the second graph 600 also includes the plurality of nodes 500a...500j,
which represent all ten femto base stations in the first cluster 100. The second graph
600 also includes a plurality of edges 650a...650c which each terminate at two of the
plurality of nodes 500a...500j. In the second graph 600, an edge terminates at two of
the plurality of nodes 500a...500j if the two femto base stations represented by those

two nodes have a PCI confusion.

In step S5, the network manager 20 partitions the second graph 600 into k sub-graphs,
wherein kis again the size of the PCI pool, such that each sub-graph includes a subset
of the plurality of nodes 500a...500] and a subset of the plurality of edges 650a...650b

In order to minimise the following equation:

Conflict = X411 eages X5Ys (6)

Where x5 denotes a fifth edge type in a sub-graph representing a PCI confusion and ys
1S a first weighting representing an impact on network performance for the fifth edge type.
The fifth weighting Is again stored in the second table in memory 25, is defined by the
cellular network operator, and in this example takes the value 0.25. The process of
partitioning the second graph 600 into k sub-graphs so as to minimise the weight of the
edges joining nodes in all sub-graphs is again performed using the technique referred to
above. Following this step, the network manager 20 stores the PCI confusion conflict
value (being the value of the sum of equation 6) in memory 25. In step S6, the PCI
conflict and PCI| confusion values are summed to create an overall PCI conflict value

based on the current PCI pool size.

In step S7, the network manager 20 re-evaluates equations (1) and (6) for a plurality of
alternative PCI pool sizes. In this example, the alternative PCI pool sizes, m;...my, are
3, 4, 6 and /7, such that the first and second graphs are each partitioned into m;...ms sub-

graphs so as to minimise the total weight of the edges joining nodes in all sub-graphs.
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The overall PCI conflict value for each of the plurality of alternative PCI pool sizes are

then stored in memory 25.

In step S8, the network manager 20 determines if there are any other clusters in the
cellular network 1 which need to be evaluated. In this example, the network manager 20
determines that the second and third clusters 200, 300 should also be evaluated, and
the method loops back to step S2 and evaluates the overall PCI conflict values for the
current PCI pool size and a plurality of alternative PCI pool sizes for the second and third

clusters 200, 300. These values are stored iIn memory 25.

Once the network manager 20 has evaluated these overall PCI conflict values for all PCI
pool sizes for each cluster 100, 200, 300, the method proceeds to step S9, in which the
network manager 20 determines whether to initiate a PCI value related change in any
one of the clusters 100, 200, 300 in the cellular network 1 based on the overall PCI
conflict values and the data stored in the network table in memory 25 (such as the cellular

network operator’s thresholds). Several examples will now be discussed.

In a first example, the network manager 20 compares the overall PCI conflict values for
the current PCI pool size and the plurality of alternative PCI pool sizes for the first, second
and third clusters 100, 200, 300 to a threshold (representing the cellular network
operator’'s acceptable level of conflict). In doing so, the network manager 20 determines
that the first cluster's current PCI pool size is not acceptable (as the overall PCI conflict
value of the current PCI pool size is greater than the threshold), and the second and third
cluster’'s current PCI pool size is acceptable (as the overall PCIl conflict value of the
current PCIl pool size is less than the threshold). The network manager 20 also
determines that an alternative PCI pool size for the first cluster 100 to increase the PCI
pool size by one value would lead to an overall PCI conflict value that would be less than
the threshold. Accordingly, it is determined that a change in PCI pool size for the first
cluster to increase its PCI pool size by one value is beneficial.

In this example, the network manager 20 further determines whether such a change
should be implemented based on data relating to the cellular network and the overall PCI
conflict values of the other clusters. Accordingly, the network manager 20 determines
(from the network table stored in memory 25), whether there are any unallocated PCI

values in the cellular network that may be allocated to the first cluster 100. In this
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example, there are no such unallocated values. The network manager 20 therefore
determines whether any of the alternative PCI pool sizes for the second and third clusters
200, 300 that have fewer PCI values than the current PCI pool sizes for those clusters
would be acceptable (i.e. if the overall PCI conflict value of those alternative PCI pool
sizes are also less than the threshold). In this example, the network manager 20
determines that the second cluster 200 may reduce its PCI pool size by one value, and
reallocate that PCI value to the first cluster 100. The network manager 20 may then
instruct each femto base station in the first and second clusters 100, 200 that their PCI
pool sizes have changed and, if necessary, they should perform a PCI reselection
operation.

Thus, in general terms, the network manager 20 is able to evaluate the optimum PCI
pool size for each cluster in the cellular network 1 (being the smallest PCI pool size that
satisfies a threshold representing an acceptable level of conflict as defined by the cellular
network operator), and initiate a change in the relevant clusters such that each base

station in the cluster adopts the optimum PCI pool size.

In a further enhancement of the above first example, the network manager 20 is also
able to determine (following a determination that the current PCI pool size of one or more
clusters is not the optimum PCI pool size) whether or not to initiate a change in those
one or more clusters. This decision may be based on an evaluation of the level of service
disruption to each UE connected to each femto base station in those one or more clusters
as the PCI values are reselected to be within the new PCI pool size. This may be based
on the number of active sessions associated with all femto base station in those clusters,
the proportion of UEs of all femto base stations in those clusters in idle mode, the time
of day, the settling time for PCI reselection algorithms, etc. Following this decision, the
network manager 20 may then initiate a change in the manner described above, or may

instead loop back to step S1.

In the above embodiments, the network manager determines whether or not a particular
operating parameter pool size I1s acceptable or not by comparison to a threshold. These
thresholds may be set by the network operator by calibration and may be varied
according to their policy on acceptability on operating parameter conflict. Furthermore,
these thresholds may include several components, such that a PCI conflict threshold
may include a direct PCI conflict threshold, a mod-3 PCI conflict threshold, etc., and the
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cellular network operator may define a PCI conflict value as acceptable or not based on
one or more of these thresholds.

Furthermore, the skilled person will understand that the weightings used for each edge
type may be set by the network operator by calibration and are representative of the
network operator's perceived impact on network performance of a particular conflict. In
particular, these weightings may be based on the number of cellular network operators
that exist in a particular cluster, the level of conflict between those operators’ SON
algorithms, the level of synchronisation between base stations in the cluster, the level of
overlap of coverage areas between base stations in the cluster (based on measured

pathloss), etc.

In the above embodiments, the method is performed in a network manager which is
configured to receive the relevant data from each base station in the network. However,
the skilled person will understand many other nodes in the network may be configured
to receive this data and perform the above method. For example, a base station may be
configured to receive the data (e.g. over an X2 interface), and perform the above method.

Furthermore, the skilled person will understand that the above embodiments use the PCI
as the operating parameter as an example only, and that the present invention may be
applied to other operating parameters which have a defined set of values (such as ICIC
resource assignment, transmission power, etc.). For example, the network manager
may build a graph having a plurality of nodes representing base stations in a cluster and
a plurality of edges representing ICIC colour conflict between any two nodes of the
plurality of nodes. The weighting for these edges may then be based the operator's
perceived impact on network performance from such colour conflict, which may be based
on the types of colour selection SON algorithms, the level of colour-selection SON
coordination, the operator’'s policy on edge user experience versus peak rate, form of
fractional frequency reuse, etc.

In the above embodiments, a cluster was a group of base stations that were assigned a
particular subset of the set of operating parameter values, wherein the grouping was
based on those base stations’ locations. However, the skilled person will understand

that this form of grouping is non-essential and may instead be based on other
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characteristics, such as the base station’s operator, or the transmission range of the
base station.

The skilled person will also understand that the embodiments of the present invention
may be utilised by a cellular network operator on initial network configuration or for
ongoing optimisation.

The skilled person will understand that any combination of features is permissible within
the scope of the invention, as claimed.
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CLAIMS

1. A method of operating a cellular telecommunications network comprising a
plurality of base stations, wherein each base station of the plurality of base stations has
an operational parameter being one of a set of values, wherein the set includes k
values, the method comprising the steps of:

defining a first graph comprising a first plurality of nodes and a first plurality of edges,
wherein a node of the first plurality of nodes represents a first base station of the
plurality of base stations, and an edge of the first plurality of edges represents a first
neighbouring relationship between two base stations of the plurality of base stations,
wherein each edge of the first plurality of edges has an associated first weight value;
partitioning the first graph into a first set of sub-graphs, wherein the first set of sub-
graphs includes k sub-graphs, each having a subset of the first plurality of nodes and a
subset of the first plurality of edges, such as to minimise a first sum value of all first
weight values associated with each edge of each subset of the first plurality of edges in
all sub-graphs of the first set of sub-graphs;

calculating a first conflict value based on the first sum value; and

Initiating a change relating to the operating parameter to one or more base stations In
the plurality of base stations if the first conflict value satisfies a condition.

2. A method as claimed in Claim 1, further comprising the steps of:

partitioning the first graph into a second set of sub-graphs, wherein the second set of
sub-graphs includes m sub-graphs, each having a subset of the first plurality of nodes
and a subset of the first plurality of edges, such as to minimise a second sum value of
the first weight values associated with each edge of each subset of the first plurality of
edges in all sub-graphs of the second set of sub-graphs; and

calculating a second conflict value based on the second sum value,

wherein the step of initiating a change includes determining whether the set of values
for the operational parameter should have k or m values based on the first and second

conflict values.

3. A method as claimed in Claim 2, wherein the step of initiating a change includes
determining whether the set of values for the operational parameter should have k or m
values based on the first and second conflict values and on whether the second conflict
value satisfies a threshold.
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4. A method as claimed in any one of Claims 1 to 3, further comprising the steps of:
defining a second graph comprising a second plurality of nodes and a second plurality
of edges, wherein a node of the second plurality of nodes represents a second base
station of the plurality of base stations, and an edge of the second plurality of edges
represents a second neighbouring relationship between two base stations of the plurality
of base stations, wherein each edge of the second plurality of edges has an associated
second weight value;

partitioning the second graph into a third set of sub-graphs, wherein the third set of
sub-graphs includes k sub-graphs, each having a subset of the second plurality of
nodes and a subset of the second plurality of edges, such as to minimise a third sum
value of the second weight values associated with each edge of each subset of the
second plurality of edges in all sub-graphs of the third set of sub-graphs; and

calculating the first conflict value based on the first and third sum values.

D. A method as claimed in Claim 4 when dependent on Claim 2, further comprising
the steps of:

partitioning the second graph into a fourth set of sub-graphs, wherein the fourth set of
sub-graphs includes m values, each having a subset of the second plurality of nodes
and a subset of the second plurality of edges, such as to minimise a fourth sum value
of the second weight values associated with each edge of each subset of the plurality
of edges in all sub-graphs of the fourth set of sub-graphs; and

calculating the second conflict value based on the second and fourth sum values.

6. A method as claimed in any one of the preceding claims, wherein the operational

parameter is a Physical Cell Identifier, PCI, and the set is a PCI pool.

/. A method as claimed in Claim 6 when dependent on Claim 4, wherein the first
weight value represents a PCI conflict and the second weight value represents a PCI

confusion.

8. A method as claimed in Claim 2 or any one of Claims 3 to 7 when dependent on
Claim 2, wherein, if it is determined that the set of values for the operating parameter

should have m values, then the method further comprises the step of:
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causing the first base station of the plurality of base stations to reconfigure the
operational parameter based on the set of values, wherein the set includes m values.

9. A method as claimed in Claim 1, or Claim 4 when dependent on Claim 1 only,
wherein the step of initiating a change includes determining whether the first base station
In the plurality of base stations should reselect its operational parameter based on the
first conflict value.

10. A method as claimed in any one of the preceding claims, wherein the first weight
value represents a coverage area overlap between the two base stations of the plurality

of base stations.

11. A computer program comprising Instructions which, when the program Is
executed by a computer, cause the computer to carry out the steps of any one of the

preceding claims.

12. A computer readable carrier medium comprising the computer program of Claim
11.

13. A network node for a cellular telecommunications network, the network node
comprising

a receiver configured to receive an operational parameter value associated with each
base station of a plurality of base stations, wherein the operational parameter values are
each one of a set of values; and

a processor configured to carry out the method of any one of Claims 1 to 10.

14. A cellular network including the network node of Claim 13.
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