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TELECOMMUNICATIONS NETWORK NODE AND METHODS

FIELD OF THE INVENION

The present invention relates to a telecommunications network node and methods.

BACKGROUND

Telecommunications networks increasingly incorporate abilities to self-configure, self-
organise and self-adapt. As the size and complexity of telecommunications networks
increases, there is a drive to implement such so called “self-x" properties in a
decentralised manner, namely in a manner in which each node can act individually

using only locally available information.

Accordingly, there is a growing need to develop self-x algorithms, that is to say
algorithms for network node self adaptation which work without being provided with
global information about the network and without coordinated central control of

network nodes.

Self-x algorithms may be designed by skilled engineers, based on specific assumptions
about the network that may not be realistic. As a result, there is often a need for the
aigorithms to be evaluated, revised and refined after they have been implemented in

real life networks. The evaluation process can be slow and expensive.

The algorithms are typically designed based on specific assumptions about a network
that often do not hold true in a real world scenario.

Self-x algorithms may be designed manually and then that same algorithm may be
applied across all of the network nodes of a certain type, for example, all of the base
stations in a wireless cellular network. Since there are large differences in operating
environments of the nodes, performance overdll is likely to be degraded as a result of
generally-applicable optimisation algorithms performing less well than algorithms that

are more specialised to a particular problem or operating environment.

In order to test the performance of a self-x algorithm, a model of the real world
environment surrounding a base station is typically required. Construction of those real
world models is typically time consuming and expensive. That is to say, a magjor
limitation of known techniques is the environment model. In order to obtain results and

algorithms which are optimised for a specific deployment scenario, a high level of

1
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information regarding the surrounding environment is required. Such information is
difficult and time expensive to collect: for instance, in order to obtain an estimate for
the average overlap of neighbouring cells in a wireless telecommunication network,
one needs, in addition to the base station configuration: a precise map of the area;
knowledge of all construction materials and relative propagation behaviour, and
information regarding a wave propagation model including, for example, attenuation
effects, interference, multiple path effects and so on.

User mobility is another determining factor in the accuracy of the real world modelling
process. The same geographical scenario, for example, a building can have different
optimal solutions depending on the number of users and their mobility patterns.

One issue with telecommunication networks is therefore the manner in which a network
node may be operable to automatically build and adapt models for relevant
parameters in the objective function that can be computed and evolved based only
on information that can be directly measured or computed by the network node itself,
either independently or in cooperation with other network nodes. Such models allow
an automatic evolution process to test offine new generations of algorithms using
models that represent in an abstract manner the environment within which the network
node may be deployed. As a result, developed self-x algorithms may be highly
optimised for each specific deployment.

It is desired to provide an improved self-optimising base station.

SUMMARY
Accordingly, a first aspect provides a network node operable to generate, by adaptive
programming, an algorithm for adjusting deployed base station operating
characteristics to assist in providing desired base station operating characteristics; the
network node comprising:

determining logic operable to determine at least one deployed base station
operating condition;

model creation logic operable to create a model of at least one indication of
deployed base station operating environment from the determined deployed base
station operating condition;

generation logic operable to generate at least one algorithm which determines
whether to adjust the deployed base station operating characteristics for any particular

base station operating environment; and
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assessment logic operable to assess performance of the generated algorithm’s
ability to adjust said deployed base station operating characteristics towards said
desired base station operating characteristics using the created model of deployed
base station operating environment and determine whether a desired performance
level has been achieved.

The first aspect recognises that allowing a network node to model its surrounding
environment at different levels of an absiraction may provide various advantages
coupled with disadvantages. Typically, modelling at a high level of abstraction
provides less information relating to the detailed operation of the network that is to say
the model of the surrounding environment may be particularly simple. However, that
modei will typically execute relatively quickly. Modelling at a lower level of abstraction
provides more information regarding the precise form of the environment but such
models typically take much longer to execute. In a development environment, such as
a self-x algorithm environment, it is often the case that the operation of a data
processing apparatus such as a network node, needs to be fast and needs to be
characterised following a proposed modification of the self-x algorithm.

Accordingly, a network node is operable to self optimise. Self optimising networks
include base stations which can self adapt to a particular environment. In order to self
adapt, those base stations implement adaptive programming methods. Automated
algorithm design approaches, utilising adaptive programming allows a self
management algorithm itself to be adapted to the actual environment in which a base
station is placed. In one embodiment, the adaptive programming comprises genetic
programming. Genetic programming is an evolutionary computation technique used
to evolve algorithms to perform a certain task. It may, for example, and as described in
more detail below be used to automatically create algorithms for distributed coverage
optimisation. Although genetic programming is proposed in one embodiment it is also
possible to use various other adaptive programming approaches including, for
example, incremental, heuristic, evolutionary and machine learning adaptive
programming approaches. In each case an algorithm produced by an adaptive
programming technique may be used to compute a value of a given objective
function, or “performance” function. That function estimates the goodness or fitness or
appropriateness of the obtained algorithm in terms of effectiveness of a new
adaptation step. An objective function is usually computed by analysing or using a
model of the surrounding environment (both physical and mobility aspects) so the form
of that model is of paramount importance to the effectiveness of the adaptive

programming technique.
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The first aspect recognises that creation of a model from directly measurable
characteristics and base station operating conditions allows production of a simple and
relevant model from the outset of deployment of a new base station. Such an
approach reduces the need to provide a detailed model on commissioning a new
base station and allows the advantages of a self optimising network algorithm without
having to use predefined self optimising network algorithms designed for general cases
in a small cell scenario. Use of a detailed pre-calculated environment model would be
prohibitively expensive in a small cell environment. It will be appreciated that in order
to provide a complete model and in order to obtain results that are optimised for a
specific deployment scenario, a high level of information on the environment is
required. Such information is difficult and time expensive to collect, for instance in
order to obtain and estimate of the coverage overlap of neighbouring cells one needs,
in addition to the base station configuration, a precise map of the area, and
knowledge of all construction materials and relative propagation behaviour and an
appropriate wave propagation model which accounts for attenuation interference
and multiple path effects. Furthermore, user mobility is another determining factor in
the modelling process, the same geographical scenario can have different optimal
solutions depending on the number of users and of their mobility patterns.

The first aspect recognises that it is advantageous to be able to automatically build
and adapt models for relevant parameters in an objective function to be used in
adaptive programming that can be computed and evolved based only on information
that can be directly measured or computed by a network node itself, either
independently or in cooperation with other network nodes in the surrounding area. The
simplified environment model allows an automatic evolution process to test off line new
generations of algorithms using models that represent, albeit in a simplified manner, the
environment of the deployment. As a result, evolved algorithms can be highly
optimised for each very specific deployment. The first aspect enables the automatic
generation of an abstract model and the adaptation of that abstract model to the
environment in which the cell is deployed based on available measurements. Thereby
allowing appropriate self learning and self evolving coverage optimisation algorithms to

be effectively and efficiently generated by an adaptive programming technique.

In one embodiment, the modelling logic is operable generate an equivalent
environment model in the form of a directed graph G(N,A) composed of N nodes and
A arcs.
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A graph model can be used to successfully model a variety of parameters within a
telecommunications network including, for example, cell overlap and user mobility
characteristics. Those parameters may, in combination, or by themselves be required
for the automatic evolution, by adaptive programming, of self-x algorithms in
autonomous networks. Use of such a simplified mode! allows on the one hand both
more iterations to be computed by a network node, thereby correcting the
simplification emor introduced by such an abstract model, and allows enough
computational resource to adapt the model itself so that over time it becomes more
precise.

In one embodiment, each node represents a network node, one of which is the
deployed base station, and each network node is associated with one or more node
attribute, indicative of deployed base station operating environment.

In one embodiment, the node attributes comprise one or more of: number of users
connected to the network node, number of users leaving the network node,
transmission power of the network node, number of network node detected dropped
calls, network node traffic characteristics.

In one embodiment, the network nodes are connected by one or more directed arcs
each being associated with one or more arc attribute, indicative of deployed base

station operating environment.

In one embodiment, the arc attributes comprise one or more of. equivalent distance
between network nodes, real distance between network nodes, number of network
node neighbours, number of users flowing between network nodes, overlapping

coverage area along the arc.

Accordingly, a mathematical graph representation of a real life environment allows for
simplified computation of improvements in base station operating characteristics in
accordance with generated algorithms.  Furthermore the mathematical graph
representation can be easily adapted and can be utilised for a variety of operating
conditions and a variety of operating environment modelling options. For example, it
will be appreciated that the mathematical graph model may be used for both physical
environmental modelling and user mobility modelling. Graphs may also allow for
modelling of systems which are not symmetric since propagation of radio waves
between points in a telecommunications network may be asymmetrical due to a series

of physical affects for example multiple paths reflection and polarisation. Use of the
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graph allows for that asymmetry to be modelled and also allows the model to reflect
complete lack of conservation of topology. Algorithms can be applied to a graph and
those solutions can then be applied to the real system. The values computed from the
abstract model represented by the graph typically have a high error margin and their
absolute value can be far from a real one. Nonetheless, the abstract model can show
the same trend as a real system thereby allowing trends in the performance or fitness
function or objective value to mirror those of the real life environment. As a result the
adaptation offered by generation of new algorithms, can be driven in the same
direction, that is towards desired base station operating characteristics, but based on

much simpler computations according to the equivalent graph model.

In one embodiment, the determining logic is operable to determine one or more
parameters related to user mobility within an area served by the deployed base station.

A special case of abstract modelling according to embodiments is the modelling of
user mobility. The behaviour of users within a telecommunications network can be a
determining factor for reaching an optimal solution. Traditional schemes use a priori
mobility models for users, which are computed to move within the physical scenario
and then used to measure parameters needed for calculation of an objective function
or performance function. As has been described previously, in a small cell deployment
there is typically little knowledge of the real environment so it can be difficult to
determine which a priori mobility model may match a problem better.

Accordingly, it has been recognised that cells and network nodes have the capability
to measure a number of parameters directly linked to user mobility such as the number
of users in said area served by said deployed base station, number of users entering
said area, number of users leaving said area, number of users leaving said area and

entering an area served by a particular other network node.

According to an abstract model, those parameters can be used to build a mobility
model adapted to a real scenario. Mathematical techniques can be used, including
stafistical analysis, machine learning, and pattern recognition, depending on the

available computational power and required precision.

One embodiment of a mobility model would be to estimate the probability of having a
hand over from a first cell to a second cell at a particular time. In the simplest case,
that information can be obtained by collecting hand over information and drop call
history information over a period of time and extracting relative probability distributions
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including occurrence and variance which can be used to recreated basic user

behaviourable patterns.

In one embodiment, the model creation logic is operable to create a mobility model
indicative of the deployed base station operating environment.

Accordingly, it will be appreciated that information on the degree of each base station
or network node within a communication network can be used to calculate for
example probability distribution of all possible next cells, and therefore identifying the
most probable one. Moreover a combination of mobility model with a physical model
may allow development of more accurate handover prediction algorithms. In more
advanced approaches, the probability of handover could be obtained by a network
node using a self learning process over tfime, based on evolution of the model and a

combination of location, direction, speed and node degree history data.

In one embodiment the performance of the generated algorithm is based on an
assessment of cell overlap. Various other factors may be used in order 10 determine
fitness of a generated algorithm, for example, cell coverage may be used as a
performance indicator. It will be appreciated that cell coverage would ideally be
maximised. If cell overlap is used as a fitness function or performance function it may
advantageously be minimised. A variety of performance characteristics may be used
by themselves or in combination and including, for example, coverage, overlap, load
(which may advantageously be balanced), dropped calls, and handovers.

In one embodiment, the determining logic is operable receive a signal from at least
one other network node and the step of creating a model comprises and calculate,
from the received signal using a radio path signal propagation model, an indication of

distance to at least one other network node from the deployed base station.

In one embodiment, the received signal received from the at least one other network
node comprises an indication of the transmission power of the signal from the other
network node and an indication of received power of the signal from the other network
node at the deployed base station.

In one abstraction, cell interference on a real live deployment can be modelled using a
free space propagation law. Using such a model, for any given base station
transmitting at a given power, and for every point within which that transmission can be
received it is possible.to compute a mutual distance from that point from that given

7
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base station. It is possible to do that using only an indication of perceived power. It will
be appreciated, that a real scenario propagation does not work in the same way as
the propagation of a wave increased base since obstacles, multipath affects, and
other propagation issues come in to play. Nonetheless, the free space model offers an
indication of propagation between any two points within a wireless network. In effect,
using free space propagation characteristics allows computation of equivalent
distances from a knowledge only of transmitted and received power from a network

node, those two values being easily obtained through direct measurements.

In one embodiment, the received signal received from the at least one other network
node comprises receiving an indication of the distance between the at least one other
network node and a further other network node.

In one embodiment, the network node may be operable to receive information
regarding deployed base station operating condition based on information fed back
to the network node by users roaming within a wireless communication network.
Accordingly, an abstract model according to the first aspect may be adapted one the
basis of feedback received from user equipment. That feedback may come in many
forms, for example, statistics indicated a large number of dropped calls in an area
which, according to the simplified model is supposedly well covered, or user equipment
reporting high interference in areas supposedly with little overlap. A mathematical
model of the environment can be adapted to take into account such user feedback.
One example is a case in which received power from a base station at the network
node is smaller than the threshold on which communication can be established. In
such a scenario, a network node itself may not be able to calculate a likely existing
overlapping area since the existence of another network node cannot be fully
detected. However, when user equipment works through an overlapping area it may
be able to communicate with both deployed base station and a neighbouring node.
Thus, the knowledge of transmitted and received powers of network nodes (base
stations) at the user equipment, may allow the calculation of equivalent distance to
nonetheless be carried out provided appropriate information is sent to the network
node. It may, for example, be the case that user equipment is able to calculate and
report distances itself having been located in an overlap area between base stations.

In one embodiment, the assessment logic is operable to use the calculated indication
of distance to calculate a cell overlap between a coverage area of the deployed
base station and the coverage area of the at least one other network node for the
algorithm’s proposed adjustment of the deployed base station operating conditions.

8
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Accordingly, if, for two cells in a configuration, an equivalent distance, based on the
free space propagation model is calculated, then it is possible to define an equivalent
overlap area which may be obtained through simple Euclidean geometry making
computation of that overlap significantly lighter than a real world modeil.

In one embodiment, the assessment logic is further operable to compare the
calculated overlap according to an algorithm'’s proposed adjustment of the deployed
base station operating conditions, with a calculated overlap according to current
deployed base station operating conditions. Furthermore, the assessment logic may, in
one embodiment, be further operable to compare the calculated overlap according
to an dalgorithm’s proposed adjustment of the deployed base station operating
conditions, with a calculated overlap according to another algorithm’s proposed
adjustment of deployed base station operating conditions

A second aspect provides a method of generating, by adaptive programming, an
algorithm for adjusting deployed base station operating characteristics to assist in
providing desired base station operating characteristics; the method comprising the
steps of:

determining at least one deployed base station operating condition;

creating a model of at least one indication of deployed base station operating
environment from the determined deployed base station operating condition;

generating at least one algorithm which determines whether to adjust the
deployed base station operating characteristics for any particular base station
operating environment; and

assessing performance of the generated algorithm’s ability to adjust the
deployed base station operating characteristics fowards the desired base station
operating characteristics using the created model of deployed base station operating

environment and determine whether a desired performance level has been achieved.

In one embodiment, the step of determining comprises receiving a signal from at least
one other network node and said step of creating a model comprises calculating, from
the received signal using a radio path signal propagation model, an indication of
distance to said at least one other network node from the deployed base station.

In one embodiment, the received signal received from the at least one other network

node comprises an indication of the transmission power of the signal from the other
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network node and an indication of received power of the signal from the other network
node at the deployed base station.

In one embodiment, the received signal received from the at least one other network
node comprises receiving an indication of the distance between the at least one other
network node and a further other network node.

In one embodiment, the step of assessing performance of the algorithm to adjust the
deployed base station operating conditions comprises the step of using the calculated
indication of distance to calculate a cell overap between a coverage area of the
deployed base station and a coverage area of the at least one other network node for
the algorithm’s proposed adjustment of the deployed base station operating

conditions.

In one embodiment, the step of assessing performance of the generated algorithm’s
ability to adjust the deployed base station operating conditions towards the desired
base station operating conditions further comprises the step of comparing the
calculated overlap according to a generated algorithm’s proposed adjustment of said
deployed base station operating conditions, with a calculated overlap according to

current deployed base station operating conditions.

In one embodiment, the step of modelling at least one indication of deployed base
station operating environment further comprises the step of generating an equivalent
environment model in the form of a directed graph G(N,A) composed of N hodes and
A arcs.

In one embodiment, each node represents a network node, one of which is the
deployed base station, and each network node is associated with one or more node
attribute, indicative of deployed base station operating environment,

In one embodiment, the node attributes comprise one or more of; number of users
connected to a network node, number of users leaving a network node, transmission
power of a network node, number of network node detected dropped calls, network

node traffic characteristics.

In one embodiment, the network nodes are connected by one or more directed arcs
each being associated with one or more arc attribute, indicative of deployed base

station operating environment.

10
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In one embodiment, the arc attributes comprise one or more of. equivalent distance
between network nodes, real distance between network nodes, number of network
node neighbours, number of users flowing between network nodes, overlapping
coverage area along the arc.

In one embodiment, the determining step comprises determining one or more

parameters related to user mobility within an area served by the deployed base station.

In one embodiment, the creating step comprises the step of creating a mobility model
indicative of the deployed base station operating environment.

A third aspect provides a computer program product operable, when executed on a
computer, to perform the method of the second aspect.

Further particular and preferred aspects are set out in the accompanying independent
and dependent claims. Features of the dependent claims may be combined with
features of the independent claims as appropriate, and in combinations other than
those explicitly set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described further, with reference to

the accompanying drawings, in which:

Figure 1 is a schematic representation of a network for wireless telecommunications
according to one embodiment;

Figure 2a is a schematic representation of a telecommunications network;

Figure 2b is a weighted directed graph representation of the telecommunications
network shown in Figure 2q;

Figure 3 illustrates schematically the free path propagation model;

Figure 4 illustrates schematically calculation of cell overlap using an equivalent
distance model;

Figures 5a, §b and &c illustrate schematically an application of abstract modelling to
represent a real scenario;

Figure 6 illustrates graphically a comparison of a real world and equivalent model
approaches;

1
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Figure 7a and Figure 7b illustrate the maximum and mean fitness comparison for real
world and equivalent model systems over 100 generations, for the same situation as
that ilustrated in Figure 6;

Figure 8 illustrates schematically a method of updating a simplified equivalent system
model according to one embodiment;

Figure Qa illustrates schematically the main components of a network node according
to one embodiment; and Figure 9b illustrates schematically a genetic programming

process.

DESCRIPTION OF THE EMBODIMENTS
An example wireless network and operation of a network node will now be described,

before focusing on an embodiment of a network node and its operation.

In wireless networks, use of a large number of user-deployed small cells allow high data
rates and provide high capacity. Such small cells typically in the range of tens or
hundreds of metres, and are often referred to as femtocells, microcells or picocells.
However, a side effect of using such a large number of small cells is the diversity of

environments in which the base stations providing those cells would experience.

Throughout the description the term algorithm is used to mean a set of rules or a
method that is used to solve a problem or to perform a task. An algorithm may be
specified in the form of the mathematical formula having a technical application, a
computer programme, a representation of a system’s behaviour, or a flowchart.
Examples of algorithms in telecommunications network nodes are: a method to
automatically adjust the coverage area of your radiocell, and a method of routing
traffic through a network router node.

As shown in Figure 1, a telecommunications network 20 includes a radio access network
4 which includes some interconnected cellular base stations 21, 22, 23, 24. The base
stations 21, 22, 23, 24 all run respective algorithms to perform a predetermined task.
Each of the base stations includes a respective programming unit 10 which is used to
provide improved versions of an algorithm using adaptive programming techniques, as
explained in more detail below. Each of the base stations may be operable to
communicate with and sense, neighbouring base stations. For example, a first base
station 21 may be operable to communication with and sense neighbouring base
stations 22, 23, 24. Typically, an environment model would be generated and stored in
programming units 10. Traditionally, that model is generated manually. In order to

12
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obtain results that are optimised for a specific deployment scenario, a high level of
information regarding the surrounding environment is required. That information is
difficult and time expensive to collect: for instance, in order to obtain an estimate of
the average overlap of neighbouring cells, in addition to base station configuration the
following information may be required, including, for example, a precise map of the
area in which the base station is located, a knowledge of all of the construction
materials used around the base station, the relative propagation behaviour of those
construction materials, and an accurate wave propagation model including

attenuation interference multiple path and other effects.

User mobility is another determining factor in the accuracy of the model preloaded
onto base station 21. It would be understood that the same geographical scenario, for
example, a building, may have different optimal solutions depending on the number of
users and of their mobility patterns.

Embodiments described herein aim to automatically build an abstract model of
relevant parameters in the objective function that can be computed and evolved
based only on information that can be directly measured and/or computed by the
base stations themselves, either independently or in co-operation. Such abstract
models allow an automgatic evolution process to test offine a new generation of
algorithms, created using adaptive programming. The test of those adaptively created
algorithms uses abstract models that represent the environment of the deployment. As
a result, the adaptively created algorithms may be highly optimised for each specific
deployment, whilst not expending significant manpower on creating an internal model
for an internal model which is stored in each programming unit 10. The model self-
created by each base station will be highly optimised for each specific deployment,
yet operates as an abstraction of the real life environment in which a base station is
deployed.

Embodiments therefore enable the automatic generation of an abstract model and
adaptation of that abstract model to the environment in which the network is
deployed in the real world, the abstraction being based on available measurements,
The automatic creation and generation of the abstract model is a key component for

self-learning and self-evolving coverage optimisation algorithms.

Development of precise models of the environment and users, which reliably replicate
reality is generally achieved by putting together two main elements: a physical model

and a mobility model. Physical modelling involves analysis and tracking of wave
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propagation in the real life environment in order to understand signal characteristics
including. for example, integrity, interference, signal to noise ratio etc. Such physical
model requires understanding and complete modeliing of the physics of radio waves
and propagation characteristics, and of the radio signalling protocol and the radio
frequency equipment being used in a particular deployment. In particular, there is also
a need for a deep knowledge of the environment the exact position of all obstacles
including walls, trees and cars, the wave behaviour in that environment including the
interference reflection attenuation and dielectric constant in the surrounding area and

the position of all signal sources to name but a few.

Mobility modeliing of a real life deployment requires modelling and fracking users
moving into an environment and interacting with a set of base statfions. It typically
requires knowledge of the exact position and behaviour of each user within a network.
It can be understood that the number of users can be hundreds or thousands in an

outdoor scenario.

Such a real word model created using intensive measuring and experimental
techniqgues is typically used in a traditional network to compute the value of a given
objective function or programme. That function estimates the fitness or goodness of a
solution in terms of how effective the adaptively created algorithm is in the real world.
If the approach gives a requite value of objective function, then a base station is
operable to adopt a new objective function to adopt the new solution and implement
it. Such an approach such of feedback loop is common to all adaptive approaches
for including incremental, heuristic, evolutionary and machine learning processes for
example. The objective functions are usually computed by an analysis of the real life
scenario, based on both the physical and mobility models created and thus the

precision of the model is of paramount importance.

Such a detailed mode! requires a huge amount of information and it will be
appreciated that such a model is particularly difficult and expensive to obtain, makes
simulation complexity immense, and the model itself is intrinsically centralised. For
example, for a number of small cell scenarios such as that depicted in Figure 1, it would
not be typical to create a basis model for each base station but rather to use a
standard model preloaded or centrally held which can then be tweaked and adapted
by local measurement, Such an approach does not match a small cell deployment
scenario particularly well, since creating a real world model, and expending large

amounts of effort and money on creation of that model, does not maich the need of
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plug and play off the shelf components required by an end user with litHe or no

intervention from a provider.

Having a larger wealth of information which is difficult and expensive to obtain does
not match with the small cell deployment model! based upon autonomous adaptation
of cells after their deployment. If simulation complexity is huge, for example, the
required computational resources are large and has a large impact on the cost of a
small cell. Similarly, centralisation requires specific additions to infrastructure which may
itself have a negative impact on costs. For example, overlap estimation requires
knowledge of the status of each cell thereby intrinsically centralising such a calculation
if using a completely real world model.

Embodiments aim to reduce the overall complexity of the problem by developing an
abstract equivalent model of surrounding environment of a base station. The abstract
equivalent model must be generated and created from direct measurements
obtained during a normal operation of small cells in a real environment. An example of
a parameter which can be of use in creation of an abstract model may, for example,
include “equivalent distance” explained in more detail below. Other parameters may
also be used to generate, or refine, an abstract model. The “equivalent distance”
parameter is calculated using a neighbour’s discovery technique and a given path
propagation model for example, a free space path propagation model.

Figure 2a illustrates schematically a telecommunications network including four base
stations @, b, ¢, d and two walls 100, 110. The walls affect propagation of radio waves
between base stations. The walls are physically located between base stations ¢ and d
and also between base stations ¢ and a.

Figure 2b illustrates schematically an equivalent model of the telecommunications
network shown in Figure 2a created according to one embodiment. The schematic
representation of Figure 2b is based on equivalent distance and takes the form of @
weighted directed graph representation of the system. Creation of that directed graph
model is described in more detail below. A graph model can be used to successfully
model a variety of parameters, such as cell overlap and user mobility characteristics.
Those parameters may be used within an automatic evolution of self-x algorithms in
autonomous networks. Use of a simplified model allows more computational iterations
of self-x algorithms, and by virtue of faster computation may correct error introduced
by the simplification intfroduced by not using a real world model. A simplified model
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may also leave enough computational resource to adapt the model itself, so that over
time a self-x algorithm generated using the model becomes more precise.

Credation of Directed Graph Representation of System
Technicadlly, in order to implement one embodiment, one of base stations q, b, ¢, d, for

example q, shown in Figure 2q, transmits a radio signal at a maximum transmission
power, identified by means of a particular identifier, for example, a cell id. That signal is
transmitted for a predetermined period of time. Neighbouring base stations, b, ¢, d,
measure the received power from base station a and, using an appropriate
transmission equation, for example, the Friis fransmission equation, are operable to
calculate the relative equivalent distance from transmitting base station a. Such values
can be stored on the small cells q, b, ¢, d, or exchanged within the small cell cluster q,
b, ¢, d. Furthermore it is possible for those values to be reported to a central
optimisation node.

According to the equivalent model approach, as illustrated in Figures 2a and 2b, cell
interference in a real deployment is modelled using free space propagation laws.

In an equivalent model approach, cell interference on a real deployment can be
modelled using free space propagation laws. Figure 3 illustrates schematically the free
path propagation model. A base station A tfransmits a signal with frequency fand
fransmit power Pa. According to the free space propagation law illustrated by the
graph of Figure 3, the power Pas received at a given point B is inversely proportional to
the square of the distance d (Friis transmission equation):

P
22A
PAB=k?

where k= :—7‘;, with co being the speed of light in vacuum.

Once the minimum power threshold P to achieve coverage is determined for user
equipment in the geographical area served by base station A, all points where
interference with A is possible can be considered to be contained in circle centred on
the location of base station A and of ray r, as shown schematically in Figure 3.

The same procedure may be adapted to calculate the equivalent distance between a
small cell and a mobile phone or an equivalent distance between a pair of mobile
phones. In the most general case, equivalent distance can be evaluated between

any pair of fransmitting/receiving entities.
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Cell Overlap

The equivalent distance model in accordance with one embodiment may, for
example, be used to estimate overlap between cells. It will be understood that cell
overlap in a wireless communication network is advantageously minimised although
some overlap is necessary in order to maintain coverage within an area. The overlap
between neighbouring cells is an important measure in the coverage optimisation
process. In small cell deployments, which operate on the same carrier as existing
macro cell deployments in the transmicrocell deployments, the transmit power of the
small cells is advantageously minimised to minimise interference to the macro layer.
Such an arrangement can be achieved by minimising coverage overlap that is to say
that excess tfransmit power that does not improve small cell coverage. It will be
understood that some overlap between neighbouring small cells is required to provide
continuous coverage. In a traditional simulations scenario, involving a complete real
world model, an estimation of overlap is computationally intensive. The model and
simulation must model the propagation pattems of each cell transmission, and go on to
identify areas where signal interference is higher than a certain threshold. Such real

world modelling requires burdensome computation over a highly precise model.

Mathematically, generation of an equivalent distance between transmitting/receiving
entities allows the creation of an abstract representation of a real world scenario as a
directed graph G(N,A) composed of N nodes and A arcs. In the most general case,
not limited to equivalent distance, each node, or vertex, n; e N represents a small cell

base station and, as shown below:

eattribute_1
sattribute_2
sattribute_3

(=)

can be defined by one or more of its global attributes, such as:
e namelD
e real space coordinates
e “equivalent” space coordinates
e Forward and Backward stars
e and more...
and through problem related attributes, like for example:
¢ number of connected users

¢ number of arriving/leaving users
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transmission power
number of detected drop calls
traffic characteristics (number of handled calls, amount of traffic,...)

and more...

The nodes can be connected by one or more directed arcs, or links, a, = (n;,n;) e A

eattribute_1
attribute_2
cattribute_3

5 e &

each arc defined by its global attributes, such as:

name ID

tail end node ni
head end node nj
equivalent distance
neighbours list

and more...

and through problem related attributes, like for example:

real distance (f available)
number of users “flowing” along the arc
overlapping area along the direction defined by the arc

and more...

The graph model, mathematically defined above, an example of which is

schematically illustrated in Figure 2b, can be used to successfully model a variety of

parameters such as cell overlap or user mobility characteristics as required for the

automatic evolution of self-x algorithms in future autonomous networks. The abstract

model, though a simplification of the real world, allows on the one hand more iterations

(therefore correcting the error introduced by the simplification) and on the other hand

leaves enough computational resource to adapt the model itself, so that over time it

may become more precise.

Overlap Estimation using Equivalent Distance
The overlap between radio coverage being offered by adjacent base stations, is the

overlap between neighbouring cells, and offers an important measure in the network

coverage optimization process. In small cell deployments (for example, those
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supported by femto base stations) which operate on the same carrier as existing
macro-cell deployments, the tfransmit power of the small cells may be minimized to
minimize interference to the macro layer. Minimisation of transmit power can be
achieved by minimizing the coverage overlap (.e. the excess transmit power that does
not improve the small cell coverage) between cells. Some overlap between
neighbouring small cells is, however, required to provide continuous coverage to user
equipment being served by the network. If cell overlap is zero, there is a high likelihood
that a call will be dropped when transitioning between cell coverage areas. Ina
traditional simulation scenario, an estimation of cell overlap is computationally
intensive: the simulator must model the propagation patterns of each cell transmission,
and identify the areas where signal interference is higher than a certain threshold. This

requires burdensome computation over a highly precise model.

The computation of overlap between two cells using an equivalent distance
abstraction model can thus be reduced to a purely geometrical problem, as depicted
in Figure 4.

Figure 4 illustrates schematically calculation of cell overlap using an equivalent
distance model. The minimum power threshold Pm to achieve coverage for base
station A has been determined to be equivalent to distance ra. Similarly, The minimum
power threshold P to achieve coverage for base station B has been determined to be
equivalent to distance rs . Since d<(r 4 +7g) gives the overlap area (shaded in Figure

4), the overlap can be computed based only on the transmit powers Pa, Ps, the
threshold P and the distance d.

Furthermore, for a given cell A transmitting at power Pa and for every point at which
base station B is located closer than r, it is possible to compute their mutual distance

d(A,B) just from the received power Pas.

Figures 5a, 5b and 5c llustrate schematically an application of abstract modelling to

represent a real scenario.

Figure 5a illustrates schematically the propagation of radio coverage between two
base stations A and B. A wall, 500 is located between base stations A and B. Since an
obstacle exists (in this case a wall) and because of , for example, multi path effect and
interference, the interference area of a base station is typically not a perfect circle.
Figure 5a shows such scenario: the wall 500 between A and B changes the attenuation

factor, and the overlap area (shaded) is smaller than it would be in free space. The
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propagation pattern illustrated in Figure 5a is only indicative, and in reality it could be

much more complicated.

In accordance with embodiments, for every two cells in a configuration such as that
shown in Figure 5a, an equivalent free space propagation model is derived. To take
info account the obstacles, an equivalent distance d, is computed for each pair of

cells in a network.

If Ais a cell transmitting at power Pa, B is a second cell, receiving the signal Pas from A,
and d(A,B) is the real distance between the cells, then the equivalent distance 4, (A,B)
is defined as the distance A and B would be in free space, so that the transmitted
power Pa gets attenuated to Pas. Figure 5b shows schematically the concept of
equivalent distance. Since the wall attenuates the signal, the base stations effectively

appear to be further apart.

The effective distance is given by:
d,(A,B) = k~‘f—rl
PAB

If the equivalent distance is computed for both transmitting cells, it is possible to define
also the equivalent overlap areq, as shown in Figure 5c. This area can be easily
calculated through Euclidean geometry, making the computation much lighter.
Moreover, the computation of equivalent distance only requires the knowledge of
tfransmitted and received power, two values easily obtained through direct
measurements. The Euclidean evaluation of the intersection of the two circles is a
function of the distance between the centres (the equivalent distance) and the radii of
the two circles (given by the power threshold of each base station). Knowledge of the
two equivalent distances (one for each propagation direction) allows evaluation of

overlap areas.

The equivalent model is not symmetric, i.e. d,(A,B) can be different from 4,(B,A).

Propagation is not always syymmetrical due to a series of physical effects, for example,

multiple paths, reflection, polarization and similar.

The equivalent model does not conserve topology. Forinstance, if AB,C for a triangle
with sides AB, BC, CA, the three equivalent distances d,(A,B). d,(B,C). d,(C,A) won't

form a triangle. In other words the triangular inequality may not be satisfied.
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As a result, the equivalent model can be considered to be a weighted directed graph
representation of the system, where the weight is the equivalent distance, as shown in
Figure 2b. Algorithms can be applied to this graph, whose solutions can then be

applied to the real system.

The significance of an equivalent model abstraction used in combination with an
adaptive algorithm creation technique can be best understood by considering that
although values computed using the equivalent model (e.g. overlap estimation from
the model of Figure 5¢) will generally have a high error margin and their absolute value
can be far from the real one, a useful equivalent model should show the same frend in

optimisation function when subjected to a self-x algorithm iteration.

In an overlap optimisation self-x algorithm, a base station may have two possible
configurations, C1 and C2. For each configuration, the real-life system objective value
(.e. the overlap area) can be computed: Obj(C1) and Obj(C2). For adaptation
purposes, that is, assessing the usefulness of a generated algorithm iteration, the
important value is the delta between the two solutions, i.e. A = Obj(C2)-Obj(C1). Ifitis
positive, the adaptation is kept, otherwise it is discarded.

C1 and C2 will give a value in the objective function when the equivalent model is

used, Objeq(C1) and Objeq(C2). While most likely Objeg(C1) # Obj(C1) and Objeq(C2) #
Obj(C2), the sign of Ae = Objeq(C2)-Objeq(C1) should be the same as for A. As a result,
the adaptation can be driven in the same direction, but based on the much simpler

computations of the equivalent model.

An abstraction model, based on equivalent distance, has been used to calculate the
overlap areas in a previously used small cell office simulation scenario. In turn, this
model, as part of a fitness function, has been used to drive a genetic programming

approach in the coverage optimisation process.

The obtained solutions have been compared with those resulting from available

measured values of the real scenario in order to validate the equivalent model.

Figure 6 illustrates graphically a comparison of a real world and equivalent model
approaches. The graph illustrates the evolution choice comparison between the
equivalent mode! and the real overlap is shown. The x axis relates to the number of
mutation created by an adaptive process (in this case, genetic programming) and the
y axis relates to the correlation between the best generated algorithm in the equivalent
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model correlating with the best generated using the real world model. The graph
illustrates that, at each generation of the genetic process, the best individuals (best
algorithms in this particular implementation) are chosen to generate new children. As
shown in Figure 6, the choices made based on the equivalent model match by around
90% those made based on the real scenario.

Figure 7a and Figure 7b illustrate the maximum and mean fithess comparison for real
world and equivalent model systems over 100 generations, for the same situation as

that illustrated in Figure 6.

Figure 7a illustrates for a real world model (dotted line) and an equivalent model (solid
iine)a maximum fitness achieved over 100 generations of adaptive programming
algorithm adaptations. The trend of the maximum fitness related to the equivalent
model follows that of the real scenario.

Figure 7b is a graph which illustrates for a real world model (dotted iine) and an
equivalent model (solid line), a mean fitness of the mutations produced across over 100
generations. The graph shows that for each generation, the sign of the first derivative
of the average fitness calculated using the equivalent model largely matches that
related to the real scenario (in other words the mean of the fitness function has the

same behaviour over time).

Model Adaptation (de update)
The previous embodiment showed how a simplified equivalent model can be used to

drive the adaptation of a real system, as long as the deltas of the objective functions
have the same polarity. If an equivalent model is too simplified, even trend matching
could represent an issue. In further embodiments, the model can be automatically
adapted based on feedback. That feedback may originate at user equipment and
may, for example, include: statistics indicating a large number of dropped callsin a
area supposedly well covered; users reporting high interference in areas supposedly

which have litHle overlap, and similar.

In embodiments, the model can be adapted to take into account feedback. Figure 8
itustrates schematically a method of updating a simplified equivalent system model
according to one embodiment. As shown, the received power Pron a given cell at a
given point may be smaller than the threshold Pm. In this case, the equivalent distance
de cannot be calculated by base stations located further away from the first base
station that the distance associated with Pm and the likely existing overlapping area

22



10

15

20

25

30

35

WO 2012/010283 PCT/EP2011/003571

can not be “detected” by the equivalent model. However, when a user walks through
the overlapping areq, the user equipment will be able to communicate with both cells.
Therefore the knowledge of transmitted and received powers of cells and the user
equipment, allows the calculation of de.

More sophisticated approaches involve modification of the graph itself, such
approaches may allow, for example, the introduction of “discontinuity nodes” which
can be used to model walls; parameters to balance the influence of cells in the
computation of the objective function (.e. overlap area), which can be used in highly
asymmetrical situations (ex: Pa>>Ps), and other similar modifications. Such adaptations
may be computed by a central node or locally obtained by distributed nodes.

Model Extensions
In all previous embodiments the equivalent model was computed based on a single
parameter, the equivalent distance. It is also possible to introduce additional
parameters to enrich the model and make the equivalent objective function closer to
the original objective function. The additional parameters could be additional weight
on the graph branches, or scalar values assigned to each node. For example, such
parameters could include:

1) number of observed handovers from one cell to another,

2) number of users registered in a cell

3) degree of a cell (number of discovered neighbours)

4) and similar
1) would be a weight on a connecting arc, 2) and 3) may be represented by scalar

values on a node that could be used in a varieties of ways in the objective function.

The number of observed handovers from one cell to another, for instance, could help
determine the mobility patterns of user equipment within a network and identify any
potential bottlenecks. The number of users registered in a cell could be used to
correct the coverage area of the cell, enlarging it (by fransmitting at higher power) if
the user count is low, and reducing it if the cell is overloaded. The degree of a cell
could be used to identify the probability of handover of each node in order to create a
statistical mobility pattemn.

These extensions and adaptations are obtainable for a real system, and can of course

be subject to adaptation over time.
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Mobility Modelling

A special case of model extension is the modelling of user mobility. As mentioned
above, the behaviour of the users can be a determining factor for reaching an optimal
network solution. Traditional schemes use “a priori” mobility models for the users, which
are made to move inside the physical scenario, and then used to measure the
parameters needed for the objective function.

In a real small cell deployment there is typically scant knowledge of the real
environment and so it can be difficult to determine which a-priori mobility model
matches the problem best.
However, base stations have the capability fo measure a number of parameters
directly linked to user mobility, such as, for example,

- theload of each cell (.e., number of users in a certain areq);

- inbound handover events (users entering an areq);

- outbound handover events (user leaving an area); and

- “directional handovers” (as correlation of the previous two parameters: users

leaving an area to enter another one)

In the equivalent model, these parameters can be considered to build a mobility
model adapted to the real scenario. Many techniques can be used to gather the
relevant dataq, including, for example, statistical analysis, machine learning, and pattern
recognition, the approach chosen depending on the available performances and on
the required precision.

One embodiment allows an estimate of Puo(a,b.1), the probability of having an
handover from cell a to cell b at a time fto be modelled.

In a simple case, this can be obtained collecting handovers/drop calls history data
over a time measuring interval Tm, and extracting the relative probability distribution
(occurrence, variance), thereby creating very basic user behavioural patterns.

In addition, information on the degree of each cell (number of incoming/outgoing
arcs) can be used to calculate the probability distribution of all possible next cells,
identifying the most probable one.

A combination of both the mobility model and the coverage estimation allows the

development of more accurate handover prediction algorithms. In more advanced

approaches, Pxo could be obtained using a self learning process over time based on
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the evolution of the model and on the combination of location/direction/speed/node
degree history data.

An accurate prediction model is extremely useful to optimise the node power
consumption, to minimise handover latency, and to improve the QoS (Quality of

Service) pre-configuring the resources needed for a given service.

Therefore mobility modelling complements the coverage overlap estimation, and can
create an equivalent model detailed enough to be used within an optimisation process
estimating the “goodness” of “fitness” of new mutations generated by, for example, a
genetic programming approach, before those mutations are applied to the real

system.

The mobility model creation process is not intrinsically centralised, and can thus be used
in distributed approaches where each cell estimates the transition probability to/from its
neighbours and uses it for its independent evolution process.

Network Node including Abstract Modelling Unit

Figure 9a illustrates schematically the main components of a network node according
to one embodiment. As shown in Figure 9a, base station 21 according to one
embodiment comprises an antenna 900 determine logic 901, model creation logic 902
an adaptive programming unit 903 comprising algorithm generation logic 904,
algorithm assessment logic 905 and implementation logic 906. Base station 21 further

comprises operation condition logic 907.

In one embodiment, antenna 900 of base station 21 is operable to receive signals from
surrounding base stations. In this embodiment antenna 900 is operable to receive
signals which include information relating to the transmission power and the received
power of a signal from another base station. Antenna 900 communicates with
determining logic 901 to determine those features of that signal which indicate the
status of base station 21 with operating condition. Determining logic 901
communicates with model creation logic 902 which operates on the basis of the
received signal to create a model of deployed base station operating environment. In
this embodiment, model creation logic 902 is operable to create and calculate an
equivalent distance based on its knowledge of transmitted and received power. Base

station 21 then operates to create a directed graph model based on equivalent
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distances calculated by model creation logic 902 on the basis of signals received by
determining logic 901.

Adaptive programming unit 903 comprises algorithm logic 904 which operates to
generate at least one algorithm which determines whether to adjust base station 21
operating characteristics for any operating environment. Algorithm generation logic
can take many forms. An example of algorithm generation logic would be an
implementation of genetic programming as described conceptually in relation to
Figure 9b. Once a new algorithm has been generated by algorithm generation logic
904 that new algorithm needs 1o be assess for suitability of implementation. In all cases,
it is hoped that algorithms generated will move base station 21 from current operating
conditions towards a set of idea operating conditions that is to say that the purpose of
algorithm generation is to self optimise a network. Algorithm assessment logic 905
communicates with the generation logic 904 and model creation logic 902 to assess
the performance of generated algorithms and in particular to assess the generated
algorithms ability to adjust base station operating conditions towards desired base
stations operating characteristics. In order to do this algorithm assessment logic 905
uses the model generated by model creation logic 902 to assess either the difference
between two potential algorithms or the difference between current operating
conditions and operating characteristics received from operating condition logic 907,
and a proposed view algorithm implementation.  Algorithm assessment logic 905
determines whether a desired performance level or characteristic has been achieved,
in this embodiment it may operate to determine whether an improvement in overlap
has been issued and if so implementation logic 906 is operable to communicate with
operating condition logic to change base station operating characteristics towards
desired base stations operating characteristics.

Figure 9b is a diagram illustrating schematically a genetic programming process. As
shown in Figure 9b, genetic programming (gp) generally involves the following steps:

As shown in Figure 1, genetic programming (GP) generally involves the following steps:
® initialise a population of algorithms- a population is the term used for a
collection of individual algorithms, the algorithms in the initial population being
generated at least somewhat randomly;

(D) calculate the fithess of each of the algorithms in the population - fithess being
the term used for a measure of the algorithms performance in achieving the task of the
algorithm;

@i) select algorithms to become “parents” based on their fitness;
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av) create new algorithms by applying genetic operators, such as mutation and
crossover to the parents selected in the previous step; and
) produce the next generation population of algorithms using newly created

algorithms and survivors chosen from the previous generation population.

The above steps (i) to (v) may be repeated until a termination condition is met (for
example the process has gone through a set number of generations, or a target fitness
level is met by an algorithm that has been created).

A person of skill in the art would readily recognize that steps of various above-described
methods can be performed by programmed computers. Herein, somme embodiments
are also intended to cover program storage devices, e.g.. digital data storage media,
which are machine or computer readable and encode machine-executable or
computer-executable programs of instructions, wherein said instructions perform some
or all of the steps of said above-described methods. The program storage devices may
be, e.g.. digital memories, magnetic storage media such as a magnetic disks and
magnetic tapes, hard drives, or opftically readable digital data storage media. The
embodiments are also intended to cover computers programmed to perform said
steps of the above-described methods.

The functions of the various elements shown in the Figures, including any functional
blocks labelled as “processors® or “logic®, may be provided through the use of
dedicated hardware as well as hardware capable of executing software in association
with appropriate software. When provided by a processor, the functions may be
provided by a single dedicated processor, by a single shared processor, or by a
plurality of individual processors, some of which may be shared. Moreover, explicit use
of the term “processor” or “controller” or “logic” should not be construed to refer
exclusively to hardware capable of executing software, and may implicitly include,
without limitation, digital signal processor (DSP) hardware, network processor,
application specific integrated circuit (ASIC), field programmable gate array (FPGA),
read only memory (ROM) for storing software, random access memory (RAM), and non
volatile storage. Other hardware, conventional and/or custom, may also be included.
Similarly, any switches shown in the Figures are conceptual only. Their function may be
carried out through the operation of program logic, through dedicated logic, through
the interaction of program control and dedicated logic, or even manually, the
particular technique being selectable by the implementer as more specifically
understood from the context.
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It should be appreciated by those skilled in the art that any block diagrams herein
represent conceptual views of illustrative circuitry embodying the principles of the
invention. Similarly, it will be appreciated that any flow charts, flow diagrams, state
transition diagrams, pseudo code, and the like represent various processes which may
be substantially represented in computer readable medium and so executed by a
computer or processor, whether or not such computer or processor is explicitly shown.

The description and drawings merely illustrate the principles of the invention. It will thus
be appreciated that those skilled in the art will be able to devise various arrangements
that, although not explicitly described or shown herein, embody the principles of the
invention and are included within its spirit and scope. Furthermore, all examples recited
herein are principdlly intended expressly to be only for pedagogical purposes to aid the
reader in understanding the principles of the invention and the concepts contributed
by the inventor(s) to furthering the art, and are to be construed as being without
limitation to such specifically recited examples and conditions. Moreover, all statements
herein reciting principles, aspects, and embodiments of the invention, as well as

specific examples thereof, are intended to encompass equivalents thereof.
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CLAIMS

1. A network node operable to generate, by adaptive programming, an algorithm
for adjusting deployed base station operating characteristics to assist in providing
desired base station operating characteristics; said network node comprising:

determining logic operable to determine at least one deployed base station
operating condition;

model creation logic operable to create a model of at least one indication of
deployed base station operating environment from said determined deployed base
station operating condition;

generation logic operable to generate at least one algorithm which determines
whether to adjust said deployed base station operating characteristics for any
particular base station operating environment; and

assessment logic operable to assess performance of said generated algorithm'’s
ability to adjust said deployed base station operating characteristics towards said
desired base station operating characteristics using said created model of deployed
base station operating environment and determine whether a desired performance
level has been achieved.

2. A network node according to claim 1, wherein said modelling logic is operable
to generate an equivalent environment model in the form of a directed graph G(N,A)
composed of N nodes and A arcs.

3. A network node according to claim 2, wherein each node represents a network
node, one of which is said deployed base station, and each network node is
associated with one or more node attribute, indicative of deployed base station

operating environment.

4, A network node according 1o claim 3, wherein said node attribute comprises
one or more of: number of users connected to said network node, number of users
leaving said network node, transmission power of said network node, number of
network node detected dropped calls, network node traffic characteristics, number of
node neighbours and node load.

5. A network node according to any one of claims 2 to 4, wherein said network

nodes are connected by one or more directed arcs each being associated with one or

more arc attribute, indicative of deployed base station operating environment.
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6. A network node according to claim 5, wherein said arc attributes comprise one
or more of. equivalent distance between network nodes, real distance between
network nodes, number of network node neighbours, number of users flowing between
network nodes, overlapping coverage area along the arc.

7. A network node according to any preceding claim, wherein said determining
logic is operable to determine one or more parameters related to user mobility within
an area served by said deployed base station.

8. A network node according to any preceding claim, wherein said model
creation logic is operable to create a mobility model indicative of said deployed base

station operating environment.

9. A network node according to any preceding claim, wherein said detemining
logic is operable receive a signal from at least one other network node and said step of
creating a model comprises and calculate, from said received signal using a radio
path signal propagation model, an indication of distance to said at least one other
network node from said deployed base station.

10. A network node according to claim 9, wherein said received signal received
from said at least one other network node comprises an indication of said transmission
power of said signal from said other network node and an indication of received power
of said signal from said other network node at said deployed base station.

1. A network node according to claim 9 or claim 10, wherein said received signal
received from said at least one other network node comprises receiving an indication
of the distance between said at least one other network node and a further other

network node.

12, A network node according to any one of claims 9 to 11, wherein said
assessment logic is operable to use said calculated indication of distance to estimate a
cell overlap between a coverage area of said deployed base station and said a
coverage area of said at least one other network node for said algorithm’s proposed
adjustment of said deployed base station operating conditions.

13. A network node according to claim 12, wherein said assessment logic is further
operable to compare said calculated overlap according to a said algorithm’s
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proposed adjustment of said deployed base station operating conditions, with a
calculated overlap according to current deployed base station operating conditions.

14. A method of generating, by adaptive programming. an algorithm for adjusting
deployed base station operating characteristics to assist in providing desired base
station operating characteristics; said method comprising the steps of:

determining at least one deployed base station operating condition;

creating a model of at least one indication of deployed base station operating
environment from said determined deployed base station operating condition;

generating at least one algorithm which determines whether to adjust said
deployed base station operating characteristics for any particular base station
operating environment; and

assessing performance of said generated algorithm’s ability to adjust said
deployed base station operating characteristics towards said desired base station
operating characteristics using said created model of deployed base station operating

environment and determine whether a desired performance level has been achieved.

15. A computer program product operable, when executed on a computer, to
perform the method of claim 14.
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