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(54) Control of user equipment to base station association to optimise network capacity utilisation

(57) A method of controlling behaviour of user equip-
ment located within a wireless communication network
comprising a plurality of base stations, a computer pro-
gram product and network control node operable to per-
form that method. The wireless communication network
comprises a plurality of base stations and each user
equipment is operable to form an association with one
of the plurality of base stations such that a transmission
made by the user equipment is received by the associ-
ated base station. The method comprises: determining,
based on a performance parameter of a transmission
made by each user equipment having a first base station
association, an indication of network capacity utilisation;
comparing the indication of network capacity utilisation

with a further indication of network capacity utilisation
based on an alternative user equipment and base station
association; and adjusting an operational parameter of
at least one of the plurality of base stations to control
user equipment to make that base station association
determined by the comparison of the indication of net-
work capacity utilisation with the further indication of net-
work capacity utilisation to offer a lower utilisation of net-
work capacity. Methods and apparatus operable to per-
form methods in accordance with techniques described
herein are based upon recognition that a network may
be modelled and that coverage of a network may be op-
timized in relation to a model of uplink data throughput
performance.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method of
controlling behaviour of user equipment located within a
wireless communication network comprising a plurality
of base stations, a computer program product and net-
work control node operable to perform that method.

BACKGROUND

[0002] Wireless communications systems are known.
In such systems mobile communication devices, or "net-
work connectible devices", are operable to communicate
with each other via a core network.
[0003] Network connectible devices, for example, mo-
bile telephones, or wireless devices such as iPads or
other similar tablets, roam through a wireless communi-
cation system. Base stations are typically provided which
support geographical areas of radio coverage known as
cells. A number of such base stations are provided and
are distributed geographically in order to provide a wide
area of radio coverage to network connectible devices.
[0004] When network connectible devices (for exam-
ple, user equipment) are within an area of radio coverage
provided by a base station, active communication links
may be established between user equipment and the
base station. Information and data sent from a base sta-
tion to user equipment occur using radio links referred to
as "down links" and information and data sent from user
equipment to a base station occur using radio links re-
ferred to as "up links".
[0005] Traditional base stations provide coverage in
relatively large geographical areas and large radio cells
supported by such base stations are often referred to as
macro cells. It is possible to provide a heterogeneous
network (HetNet), where smaller sized cells are provided
within macro cells. Provision of small cells can enhance
network effectiveness and network capacity, primarily as
a result of a shorter distance between a base station and
a network connectible device leading to a shorter radio
link length, and also due to provision of small cells allow-
ing for effective re-use of available radio spectrum.
[0006] Such smaller sized cells are typically supported
by base stations referred to Low Power Nodes (LPNs)
or "Small cell base stations" and provide smaller regions
of radio coverage known as micro cells, pico cells, femto
cells or metro cells within a macro cell. It will be appre-
ciated that small cells may be provided particularly where
communication coverage provided by a macro cell is
poor, or in locations in which a user may wish to use an
alternative communications link provided locally by a
small cell base station to communicate with the core net-
work.
[0007] Although the deployment of small cell base sta-
tions can provide advantages, some undesirable opera-
tional consequences may occur.

[0008] Accordingly, it is desired to provide an improved
technique for the operation of wireless communication
networks, including networks in which small cell base
stations may be deployed.

SUMMARY

[0009] A first aspect provides a method of controlling
behaviour of user equipment located within a wireless
communication network comprising a plurality of base
stations, each user equipment being operable to form an
association with one of the plurality of base stations such
that a transmission made by the user equipment is re-
ceived by the associated base station, the method com-
prising: determining, based on a performance parameter
of a transmission made by each user equipment having
a first base station association, an indication of network
capacity utilisation; comparing the indication of network
capacity utilisation with a further indication of network
capacity utilisation based on an alternative user equip-
ment and base station association; and adjusting an op-
erational parameter of at least one of the plurality of base
stations to control user equipment to make that base sta-
tion association determined by the comparison of the in-
dication of network capacity utilisation with the further
indication of network capacity utilisation to offer a lower
utilisation of the network capacity.
[0010] The first aspect recognises that available radio
spectrum for use in wireless networks may be limited and
methods of operation for network components are cho-
sen to allow coordinated dynamic access of multiple ac-
tive transceivers to shared radio frequency communica-
tion channels. Typically networks may be operable to bal-
ance a number of users within a network between base
stations. Simply balancing user numbers between base
stations may have advantages and, on the face of it, may
appear to ensure that users are all offered an equally
effective service.
[0011] The first aspect recognises that downlink-cen-
tric and uplink-centric algorithms to optimise network op-
eration may result in conflicting strategies. This stems
from fundamental downlink/uplink differences in imple-
mentation. Downlink transmissions made by macro base
stations are typically characterized by a constant transmit
power and an unknown distribution of downlink SINRs
across a network, and uplink transmissions made by user
equipment use iterative power adjustments to maintain
predetermined constant SINR constraints set by base
stations providing radio coverage. More specifically,
downlink-oriented coverage algorithms primarily priori-
tize a load-balancing approach in which cell coverage is
maintained such that the number of active cell users re-
mains more or less equal among network cells. In con-
trast, optimisation of communication based on tech-
niques which maximise uplink capacity do not operate to
simply balance users across base stations. The first as-
pect recognises that it is possible to control operation of
a network by taking steps to improve uplink communica-
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tion links within a network.
[0012] The first aspect recognises that reliability and
quality of communication on radio connections estab-
lished between nodes in a network is dependent upon
many factors, including signal to interference and noise
ratio (SINR) experienced at each receiver.
[0013] In relation to uplink transmissions made by user
equipment to a base station, a base station may imple-
ment a target SINR to be achieved by user equipment
operating within its region of radio coverage. If it is de-
termined that a transmission made by user equipment to
the base station is being received at the base station with
poor SINR, the user equipment operates to takes steps
to increase the power at which it makes such uplink trans-
missions. That is to say, user equipment is typically op-
erable to slowly increase (or decrease) transmission
power as it updates its output power with respect to co-
channel interference and noise experienced at a receiv-
er; n this case, a base station.
[0014] Although iterative power control in such a man-
ner works well to deal with the free movement of users
through a network, it may operate to cause global diver-
gence by operating to try and allow a user to reach a
SINR which is unobtainable, given available transmis-
sion power or ambient interference occurring within a net-
work.
[0015] Aspects and embodiments described recog-
nise that the distribution of user equipment within a net-
work may be influential upon overall network operation
and, in particular, aspects recognise that for user equip-
ment distributed across a geographic region within a net-
work there is often more than one base station with which
it is possible to form an association. Since base stations
and user equipment are located across a geographic re-
gion, user equipment may be more able to meet a SINR
requested by one base station in comparison to another
base station, once interference caused by other user
equipment in a co-channel deployment is taken into ac-
count.
[0016] Aspects and embodiments recognise that it is
possible to model an arrangement of user equipment and
base station associations within a region of a wireless
network. For a given deployment of users and base sta-
tions it is possible to instruct or control network operation
such that user equipment establish associations with
base station, those associations being selected to reduce
a proportion of a theoretical maximum available capacity
within that region of a wireless network, for the given
deployment of users and base stations.
[0017] The first aspect offers a method of controlling
operation of a network by optimising uplink communica-
tions made within the network.
[0018] In one embodiment, the association comprises
that the base station is a serving base station of the user
equipment. Accordingly, transmissions made by said us-
er equipment are received by the serving base station
and routed through the network. Whilst transmissions
made by user equipment may be "heard" at non-serving

base stations, often such transmissions simply cause
noise and interference to a base station with which user
equipment is not associated.
[0019] In one embodiment, the performance parame-
ter comprises one or more of: an indication of target signal
to noise and interference ratio set by the base station
associated with the user equipment; an indication of user
equipment channel gain; a sum of channel gain ratios;
or an indication of interference caused to the user equip-
ment by other user equipment in the network. Accord-
ingly, each base station within the network will typically
set a target SINR with which transmissions made by user
equipment ought to be received at the base station. De-
pending upon ambient conditions within a network, and
the location of users and base stations within a network,
user equipment may be better placed to meet a SINR
target of a base station other than the one with which it
has a current association. Analysis of the performance
of user equipment within a network in two different asso-
ciations may offer an indication of whether network utili-
sation may be improved.
[0020] In one embodiment, the first association com-
prises a current user equipment base station association.
Accordingly, active user equipment in a network may be
analysed based on their current location and associa-
tions with base stations. Accordingly, information may be
obtained from such user equipment to offer a dynamic
means of controlling a network. It is possible to take into
account only active user equipment, or in some embod-
iments, user equipment which are dormant within regions
of radio coverage supported by base stations forming the
network. In one embodiment, the first association com-
prises a time averaged user equipment base station as-
sociation. Accordingly, rather than use actual measure-
ments and reports made by user equipment operating
within a network, a "typical" distribution of user equipment
within a network maybe considered and operational pa-
rameters of base stations adjusted in accordance with
such a typical distribution. In some embodiments, dy-
namic real-time coverage optimization is implemented
and the cooperating base stations report the channel gain
and target SINR data concerning only those UEs current-
ly active within the network. Alternative embodiments
maybe such that it is desired to implement coverage op-
timization which reflects a long-term "on-average" trend,
and in such alternative embodiments, cooperating base
stations may be operable to report data from active UEs,
together with data obtained in relation to "virtual" users.
Such data may, for example, comprise data relating to
previously active UEs, or data obtained from the (weight-
ed) combining of data relating to previous users with that
of current active users. In some embodiments, a total
number of active and virtual users can be chosen to re-
flect a long-term traffic average in a current operation
cycle of a network.
[0021] In one embodiment, the method comprises:
comparing multiple possible user equipment and base
station associations and adjusting an operational param-
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eter of at least one of the plurality of base stations to
control user equipment to make a base station associa-
tion determined by the comparison to offer a lower utili-
sation of the network capacity than a current user equip-
ment base station association. Accordingly, whilst in
some embodiments, the method may operate to compare
only a few options in relation to possible user equipment
and base station associations, in one embodiment, all
possible permutations of user equipment associations
may be considered and adjustments made to offer a bet-
ter network utilisation that one which is currently being
offered. If several user equipment to base station asso-
ciation arrangements appear to offer an equivalent im-
proved network utilisation, one may be chosen at random
to implement. In one embodiment, the comparison may
encompass all possible user equipment and base station
associations.
[0022] In one embodiment, the method comprises ad-
justing an operational parameter of at least one of the
plurality of base stations to control user equipment to
make a base station association determined by the com-
parison to offer the lowest utilisation of network capacity.
Accordingly, if a number of possible association config-
urations are compared, it may be possible to implement
a method which chooses the best of those compared
options, the best being defined as that arrangement
which leaves the network most accepting to the addition
of further user equipment, that is to say, that which uses
the least network capacity. In some embodiments, a
threshold or target network ultilisation and said method
may operate to select associations which meet said tar-
get or threshold.
[0023] In one embodiment, the method comprises con-
sidering those user equipment in the network operating
in regions of radio coverage overlap which occur between
the plurality of base stations. Accordingly, the method
may only be undertaken in relation to user equipment
deemed to be operating in overlap regions, which are
likely to be those which could benefit most from any as-
sociation change. In one embodiment, the method com-
prises considering those user equipment in the network
determined to be operating at a cell edge.
[0024] In one embodiment, adjusting the operational
parameter comprises adjusting user equipment and base
station association such that: SINR1 (N1 -1) = SINR2 (N2
-1) where SINR1 and SINR2 are target Signal to Interfer-
ence and Noise ratio (SINR) at a first and second of the
plurality of base stations, and N1 and N2 represent a
number of active user equipment in a region of radio cov-
erage supported by the first and second base station of
the plurality of base stations. Accordingly, rather than
balance load equally between base stations, the target
quality of received transmissions made by user equip-
ment can be taken into account. In one embodiment, the
number of user equipment in a macrocell is artificially
increased by an offset constant x when determining the
macro cell load factor SINRcell (Ncell - 1), that offset con-
stant x reflecting the asymmetry of inter-cell interference

coupling. In other words, load factors can be defined as
SINRcell (Ncell + xcell type - 1) for a cell-specific constant
xcell type. In one embodiment, the constant may be se-
lected to be smaller than a maximum SINRcell across
those SINR targets used by said plurality of base stations.
[0025] In one embodiment, the performance parame-
ter comprises L and is defined as the modulus of the
dominant eigenvalue of a network information matrix F,
the element in the i-th row and j-th column of an NxN
matrix F being defined by sinri hBS(i),j / hBS(i),i if i ≠ j, and
0 if i=j, where

i index for distinguishing users in a radio cover-
age region of the plurality of base stations;

BS(i) serving base station of user i;
N total number of users in the radio coverage re-

gion served by the plurality of base stations;
sinri target signal to noise and interference ratio

(SINR) of user i;
hBS(i),j channel gain between user j and the serving

base station of user i;
hBS(i),i channel gain between user i and its serving

base station.

[0026] Accordingly, a model of user equipment oper-
ation may take into account uplink transmissions and in-
terference caused by other user equipment within a net-
work, in order to offer a means of controlling overall net-
work operation. In some embodiments, each base station
is operable to set the target SINR to the same value SIN-
Rcell for all of its users. In such embodiments, the dedi-
cated base station may be operable to compute L of F
by computing the spectral radius of an equivalent matrix
G. The usage of the CxC matrix G instead of the NxN
matrix F is numerically significantly more efficient as C
« N. It will be appreciated that any equivalent matrix to F
or G may also be used successfully to compute an indi-
cation of L.
[0027] In one embodiment, adjusting the operational
parameter of at least one of the plurality of base stations
comprises adjusting pilot transmission power of at least
one of the plurality of base stations. Accordingly, increas-
ing the pilot transmission power at a base station may
effectively increase the "coverage region" offered by that
base station to user equipment and, by making such a
change, user equipment may be operable to select that
base station rather than an alternative adjacent base sta-
tion which is also transmitting a pilot signal. In one em-
bodiment, adjusting the operational parameter of at least
one of the plurality of base stations comprises instructing
user equipment to adjust a bias to a received pilot signal
strength from at least one of the plurality of base stations.
Accordingly, although the actual coverage region is not
increased, the effective coverage region of a base station
is increased (if the bias is positive) and user equipment
may be more likely to form an association with such a
base station.
[0028] In one embodiment, the communication net-
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work comprises a macro base station supporting a macro
region of radio coverage and at least small cell base sta-
tion operable to support a region of small cell radio cov-
erage within the macro region of radio coverage.
[0029] Aspects and embodiments described may be
helpful when implemented in a heterogeneous network.
Heterogeneous networks pose challenges in relation to
the management of a network. Whilst the deployment of
base stations to support macro cells is typically preceded
by extensive network planning, small cell base stations
are often located within a wireless network on an ad-hoc
basis. Whilst providing small cell base stations with a
substantially plug-and-play functionality provides for
cost-effective deployment of small cells, an uncontrolled
deployment of small cells can result in interference with
a primary macro cell network. Small cell base stations
are designed to automatically integrate themselves with-
in an existing macro cellular network and adaptively de-
fine and redefine their coverage area in the geographical
location at which they are placed.
[0030] Auto-configuration algorithms which operate to
adapt a coverage region for a small cell typically operate
in a manner which unilaterally optimizes operation of only
that small cell within a macro cell deployment. Often, the
usefulness of parameters being optimized by such auto-
configuration algorithms is such that the coverage solu-
tion found can be highly dependent upon a networking
environment and user distribution together with cell per-
formance requirements.
[0031] The first aspect may allow for automatic gener-
ation of a coverage region to be supported by a small
cell which can be applicable to offer dynamic coverage
optimization within a heterogeneous wireless cellular
network. Embodiments and aspects may operate to max-
imise, for example, overall network capacity and energy
efficiency whilst respecting constraints on service
achievability.
[0032] A second aspect provides a computer program
product operable, when executed on a computer, to per-
form the method of the first aspect.
[0033] A third aspect provides a network control node
configured to control behaviour of user equipment locat-
ed within a wireless communication network comprising
a plurality of base stations, each user equipment being
operable to form an association with one of the plurality
of base stations such that a transmission made by the
user equipment is received by the associated base sta-
tion, the network control node comprising: determination
logic operable to determine, based on a performance pa-
rameter of a transmission made by each user equipment
having a first base station association, an indication of
the network capacity utilisation; comparison logic oper-
able to compare the indication of the network capacity
utilisation with a further indication of the network capacity
utilisation based on an alternative user equipment and
base station association; and implementation logic op-
erable to adjust an operational parameter of at least one
of the plurality of base stations to control user equipment

to make that base station association determined by the
comparison of the indication of the network capacity uti-
lisation with the further indication of the network capacity
utilisation to offer a lower utilisation of the network ca-
pacity.
[0034] In one embodiment, the association comprises
that the base station is a serving base station of the user
equipment.
[0035] In one embodiment, the performance parame-
ter comprises one or more of: an indication of target signal
to noise interference set by the base station associated
with the user equipment; an indication of user equipment
channel gain; or an indication of interference caused to
the user equipment by other user equipment in the net-
work.
[0036] In one embodiment, the first association com-
prises a current user equipment base station association.
[0037] In one embodiment, the first association com-
prises a time averaged user equipment base station as-
sociation.
[0038] In one embodiment, the comparison logic is op-
erable to compare all possible user equipment and base
station associations and instruct the implementation logic
to adjust an operational parameter of at least one of the
plurality of base stations to control user equipment to
make a base station association determined by the com-
parison to offer a lower utilisation of the network capacity
than a current user equipment base station association.
[0039] In one embodiment, the implementation logic is
operable to adjust an operational parameter of at least
one of the plurality of base stations to control user equip-
ment to make a base station association determined by
the comparison to offer the lowest utilisation of network
capacity.
[0040] In one embodiment, the comparison logic is op-
erable to consider only those user equipment in the net-
work operating in regions of radio coverage overlap
which occur between the plurality of base stations.
[0041] In one embodiment, the implementation logic is
operable to adjust the operational parameter by adjusting
user equipment and base station associations such that:
SINR1 (N1-1) = SINR2 (N2 -1) where SINR1 and SINR2
are target Signal to Interference and Noise ratio (SINR)
at a first and second of the plurality of base stations, and
N1 and N2 represent a number of active user equipment
in a region of radio coverage supported by the first and
second base station of the plurality of base stations.
[0042] In one embodiment, the performance parame-
ter comprises L and is calculated by the determination
logic, L being defined as the modulus of the dominant
eigenvalue of a network information matrix F, the element
in the i-th row and j-th column of an NxN matrix F being
defined by sinri hBS(i),j / hBS(i),i if i ≠ j, and 0 if i=j, where

i index for distinguishing users in a radio cover-
age region of the plurality of base stations;

BS(i) serving base station of user i;
N total number of users in the radio coverage re-
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gion served by the plurality of base stations;
sinri target signal to noise and interference ratio

(SINR) of user i;
hBS(i),j channel gain between user j and the serving

base station of user i;
hBS(i),i channel gain between user i and its serving

base station.

[0043] In one embodiment, the implementation logic is
operable to adjust the operational parameter of at least
one of the plurality of base stations by adjusting pilot
transmission power of at least one of the plurality of base
stations.
[0044] In one embodiment, the implementation logic is
operable to adjust the operational parameter of at least
one of the plurality of base stations by instructing user
equipment to apply a bias to a received pilot signal
strength from at least one of the plurality of base stations.
[0045] In one embodiment, the communication net-
work comprises a macro base station supporting a macro
region of radio coverage and at least one low power node
operable to support a region of small cell radio coverage
within the macro region of radio coverage.
[0046] Further particular and preferred aspects are set
out in the accompanying independent and dependent
claims. Features of the dependent claims may be com-
bined with features of the independent claims as appro-
priate, and in combinations other than those explicitly set
out in the claims.
[0047] Where an apparatus feature is described as be-
ing operable to provide a function, it will be appreciated
that this includes an apparatus feature which provides
that function or which is adapted or configured to provide
that function.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Embodiments of the present invention will now
be described further, with reference to the accompanying
drawings, in which:

Figure 1 illustrates schematically an average spec-
tral radius of a matrix F as a function of small cell
base station power budget allocated to pilot signal;
Figure 2 illustrates schematically computation of a
matrix F in relation to user equipment to cell associ-
ations within a topology according to one embodi-
ment; and
Figure 2 illustrates schematically the main steps of
a method in accordance with one embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0049] Components of a wireless telecommunications
network typically include network connectible devices,
including user equipment which are operable to roam
through the wireless telecommunications network. Base
stations (for example, node Bs and eNode Bs) are pro-

vided which each support an area of radio coverage. A
number of such base stations are typically provided and
are distributed geographically in order to provide a wide
area of coverage to network connectible devices such
as user equipment.
[0050] When users are within an area of radio cover-
age served and supported by a base station, communi-
cations may be established between the user equipment
and the base station over associated radio links. Com-
munications which are sent from a base station to users
are typically referred to as occurring on downlink chan-
nels, and communications transmitted by user equip-
ment to base stations on associated radio channels are
referred to as uplink channels. Each base station typically
supports a number of sectors or cells within a geograph-
ical area of service. Typically, a different antenna within
a base station supports each associated sector. Each
base station has multiple antennas. It will be appreciated
that different network architectures may be implemented
to provide a wireless telecommunications network, in-
cluding, for example, UMTS systems, WiMAX systems
and Long Term Evolution (LTE) systems. In general,
across these architectures, the functionality provided by
network nodes described above is provided by network
nodes which are named differently but have substantially
analogous functionality.
[0051] Wireless communications systems are known.
In such systems mobile communication devices, or "net-
work connectible devices", are operable to communicate
with each other via a core network.
[0052] Available radio spectrum for use in wireless net-
works may be limited and methods of operation for net-
work components are typically chosen to allow coordi-
nated dynamic access of multiple active transceivers to
shared radio frequency communication channels. Net-
works may be operable to balance a number of users
within a network between base stations. Simply balanc-
ing user numbers between base stations may have ad-
vantages and, on the face of it, may appear to ensure
that users are all offered an equally effective service.
[0053] Aspects described herein recognise that down-
link-centric and uplink-centric algorithms to optimise net-
work operation may result in conflicting strategies. This
stems from fundamental downlink/uplink differences in
implementation. Downlink transmissions made by macro
base stations are typically characterized by a constant
transmit power and an unknown distribution of downlink
SINRs across a network, and uplink transmissions made
by user equipment use iterative power adjustments to
maintain predetermined constant SINR constraints set
by base stations providing radio coverage. More specif-
ically, downlink-oriented coverage algorithms primarily
prioritize a load-balancing approach in which cell cover-
age is maintained such that the number of active cell
users remains more or less equal among network cells.
In contrast, optimisation of communication based on
techniques which maximise uplink capacity do not oper-
ate to simply balance users across base stations. The
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first aspect recognises that it is possible to control oper-
ation of a network by taking steps to improve uplink com-
munication links within a network.
[0054] Reliability and quality of communication on ra-
dio connections established between nodes in a network
is dependent upon many factors, including signal to in-
terference and noise ratio (SINR) experienced at each
receiver within a network. In relation to uplink transmis-
sions made by user equipment to a base station, a base
station may implement a target SINR to be achieved by
user equipment operating within its region of radio cov-
erage. If it is determined that a transmission made by
user equipment to the base station is being received at
the base station with poor SINR, the user equipment op-
erates to takes steps to increase the power at which it
makes such uplink transmissions. That is to say, user
equipment is typically operable to slowly increase (or de-
crease) transmission power as it updates its output power
with respect to co-channel interference and noise expe-
rienced at a receiver; n this case, a base station.
[0055] Although iterative power control in such a man-
ner works well to deal with the free movement of users
through a network, it may operate to cause global diver-
gence by operating to try and allow a user to reach a
SINR which is unobtainable, given available transmis-
sion power or ambient interference occurring within a net-
work.
[0056] The distribution of user equipment within a net-
work may be influential upon overall network operation
and, in particular, aspects recognise that for user equip-
ment distributed across a geographic region within a net-
work there is often more than one base station with which
it is possible to form an association, or with which com-
munication links over radio channels may be established.
Since base stations and user equipment are located
across a geographic region, user equipment may be
more able to meet a SINR requested by one base station
in comparison to another base station, once interference
caused by other user equipment in a co-channel deploy-
ment is taken into account.
[0057] It is possible to model an arrangement of user
equipment and base station associations within a region
of a wireless network. For a given deployment of users
and base stations it is possible to instruct or control net-
work operation such that user equipment establish as-
sociations with base station, those associations being
selected to reduce a proportion of a theoretical maximum
available capacity within that region of a wireless net-
work, for the given deployment of users and base sta-
tions.

Overview

[0058] Before discussing the embodiments in any
more detail, first an overview will be provided. Methods
and apparatus operable to perform methods in accord-
ance with techniques described herein are based upon
recognition that a network may be modelled and that cov-

erage of a network may be optimized in relation to a model
of uplink data throughput performance.
[0059] Aspects operate such that they control cover-
age of individual network cells such that the value of a
network-wide key performance indicator L is dynamically
minimised.
[0060] The performance indicator L resulting from an
analysis and model of uplink operation within a network
can be defined as a "spectral radius" and that spectral
radius is the modulus of the dominant Eigenvalue of a
network information matrix F.
[0061] The NxN matrix F describing network operation
can be defined such that an element in the i-th row and
j-th column of the NxN matrix F is defined by sinri hBS(i),j
/ hBS(i),i if i ≠ j, and 0 if i=j where

i index for distinguishing users in the cells of the
cooperating base stations,

BS(i) serving BS of user i,
N total number of users in the cells served by the

cooperating base stations,
sinri target SINR of user i,
hBS(i),j channel gain between the user j and the base

station of user i,
hBS(i),i channel gain between the user i and its serving

base station,

[0062] Aspects and embodiments recognise that it is
possible to collect data within a network which enables
creation of a matrix F associated with a set of cooperating
base stations within a network. Computation may then
be done to find a user cell association which minimises
spectral radius L of the matrix F associated with a set of
cooperating base stations. Once a user cell association
which results in a minimum spectrum radius L has been
determined, cooperating base stations may be informed,
particularly if the optimal user cell association requires
adjustment of their existing coverage regions in order to
create an appropriate user cell association. That adjust-
ment of a coverage area provided by one or more coop-
erating base stations within a network may occur via con-
trol of a pilot signal transmission strength or by appropri-
ate network implementation of a cell selection bias in
relation to a relevant base station.
[0063] It has been found that minimising L (the modu-
lus of the dominant Eigenvalue) results in a maximisation
in uplink network capacity, that uplink network capacity
being defined as the number of users within a relevant
portion of a network having guaranteed signal-to-inter-
ference-and-noise ratios. Minimising L also acts to min-
imise transmit powers at user equipment required to
achieve such target signal-to-interference-and-noise ra-
tios. That is to say, by adjusting which user equipment
is attached to which base station within a network it is
possible to minimise interference and maximise the
chance of meeting a target signal-to-interference-and-
noise ratio.
[0064] Figure 1 illustrates schematically an average
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spectral radius of a matrix F as a function of small cell
base station power budget allocated to pilot signal. As-
pects recognise that minimising spectral radius of a net-
work information matrix operates to maximise network
capacity in relation to the uplink, that maximisation being
defined as the number of users having a guaranteed sig-
nal-to-interference-and-noise ratio. Minimising L also im-
plicitly minimises powers required to achieve the target
signal-to-interference-and-noise ratios, as illustrated in
Figure 1.
[0065] Figure 1 also shows the average spectral radius
L of a matrix F as a function of a fraction of small cell
base station power budget allocated to pilot signal for a
network operating in accordance with Table 1 shown in
Figure 3. It can be seen that in terms of a practical im-
plementation, L relates to relative pilot signal strength
being characterised by a distinct global minimum.
[0066] Modelling a particular deployment of network
nodes using the matrix F may allow for control of the
operation of nodes to improve network capacity and/ or
energy efficiency whilst respecting constraints on service
achievability, and embodiments described in more detail
below recognise that it is possible to optimize cellular
coverage regions within a portion of a network on the
basis of the matrix F which models uplink communica-
tions within a network.

Applicability to Heterogeneous Networks

[0067] Traditional base stations provide coverage
across relatively large geographical areas and those cells
are often referred to as macro cells. It is possible to pro-
vide a heterogeneous network where smaller sized cells
are provided within macro cells. Such smaller sized cells
are often referred to as metro cells, micro cells, pico cells,
low power nodes or femto cells. One way to establish a
small cell is to provide a small cell base station that pro-
vides coverage which has a relatively limited range within
the coverage area of a macro cell. The transmission pow-
er of a small cell base station is typically low and, thus,
each small cell is operable to provide a small coverage
area in comparison to that of a macro cell.
[0068] Provision of small cell base stations within a net-
work results in a need to consider methods of base station
deployment. Typically, small cell base stations have been
designed to automatically integrate themselves into an
existing macro cellular network by adaptively defining or
redefining their coverage area in a geographical location.
Provision of small cell base stations, though potentially
advantageous to a network in terms of throughput and
radio spectrum re-use, may cause intolerable interfer-
ence effects within a primary macro cell network.
[0069] The load balancing approach taken in relation
to optimization of coverage based on optimizing downlink
communication within a network is fundamentally inap-
plicable in a coverage optimization scheme which opti-
mizes uplink. This is particularly the case when different
cells target different performance levels. A primary ap-

plication of small cell base stations is that of providing a
localised boost to network capacity. That boost of net-
work capacity often comes with a requirement of a higher
target signal-to-interference-and-noise ratio on uplink
communication compared to those targets used in rela-
tion to uplink communication for macro cell users.
[0070] Aspects and embodiments based on modelling
a network using matrix F may be particularly helpful in
heterogeneous network deployments in which there are
multiple tiers of cell size. Given the typical asymmetry in
macro cell and small cell size, small cell base stations
generally experience significant uplink interference from
macro cell users. Thus, the issues of target signal-to-
interference-and-noise ratio achievability, power effi-
ciency and cell breathing effects can determine whether
a heterogeneous network comprising macro cells and
small cells can actually be able to support required signal-
to-interference-and-noise ratios of all active uplink con-
nections at all times.
[0071] One coverage optimization scheme which can
be derived from an analysis of a model using F is such
that an optimum strategy for maximising uplink capacity
in a heterogeneous system can be derived from main-
taining cell coverage such that : 

where SINRSC and SINRMC are the required target
SINRs at the MacroCell and SmallCell BS, respectively,
and Nsc and NMC are the number of active MacroCell
and SmallCell users, respectively. Clearly, NSC « NMC if
SINRSC » SINRMC, and vice versa. Hence, a load-bal-
ancing strategy consisting in maintaining Nsc = NMC is
inapplicable to an uplink communication optimised con-
trol strategy in a heterogeneous network.
[0072] In other words, operation of a network to match
such a constraint does not result in a load balanced strat-
egy in which the number of small cell users is equal to
the number of macro cell users. That is to say, applying
a simple load balancing strategy in relation to optimiza-
tion of uplink throughput does not result in an optimized
uplink throughput within a network.

Example implementation

[0073] Figure 2 illustrates schematically computation
of a matrix F in relation to two example "user equipment
to cell" associations within a topology according to one
embodiment. It is, of course, possible to try to compute
a network information matrix F which covers an entire
wireless telecommunications network. Such a matrix
would be highly complex and involve extensive calcula-
tion in order to optimize uplink operation in relation to
coverage. Instead, it is possible to sub-divide a network
and calculate a set of network information matrices, each
of which model operation of a sub-section of an entire
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communication network.
[0074] In relation to a heterogeneous network, for ex-
ample, it is possible to create a network information ma-
trix in relation to a cluster of base stations. Such a cluster
may, for example, comprise one macro cell together with
small cells deployed within such a macro cell, those cells
cooperating to provide coverage to user equipment within
a region of a larger communication network. According
to such a distributed solution, a hosting macro cell may
cooperate with small cells deployed within its coverage
area in order to find a most suitable coverage configura-
tion for all hosted small cells.
[0075] Solving a general network-wide coverage opti-
mization problem in a distributed or "per macro cell" man-
ner can reduce algorithmic overhead. The solution found
by such a distributed method may not offer the very best
performance across the entire network, but such a dis-
tributed means to calculate a solution may offer a final
solution which is only a few per cent different from a whole
network approach to estimate the key performance indi-
cator L. When selecting a sub-region of a network across
which to apply coverage optimization techniques in ac-
cordance with aspects and embodiments described, the
set of cooperating base stations chosen should be such
that they serve strongly interfering cells (for example,
macro cells and associated small cells), and the interac-
tion amongst non-cooperating base stations should be
negligible; for example, the distant macro cells within a
network.
[0076] Within a group of cooperating base stations,
one base station or network node (for example, a macro
cell base station, or RNC in a UMTS network) can be
dedicated to performing the calculations necessary to
calculate a coverage configuration which minimises
spectral radius L of the network model matrix F derived
on the basis of networking conditions.
[0077] The dedicated base station collects channel
gain and target signal-to-interference-and-noise ratio da-
ta as required to determine matrix F. That information
regarding channel gain and target signal-to-interference-
and-noise ratio data may, for example, be collected pe-
riodically rather than continuously. Furthermore, the ded-
icated base station may be operable to use information
collected either in relation to an absolute channel gain or
normalised channel gain.
[0078] Since channel gains may be computed as a ra-
tio of received and transmitted power, cooperating base
stations may be operable to report to the dedicated base
station the relevant information required for calculation
of matrix F. In particular, base stations may be operable
to report pilot signal powers and user equipment meas-
urements of pilot signal received strengths in relation to
individual cooperating base stations at that user equip-
ment. If, for some reason, user equipment is unable to
report on a pilot signal strength of a particular base sta-
tion, the corresponding channel gain can be considered
to be zero.
[0079] If real time coverage optimization is to be im-

plemented, cooperating base stations may report chan-
nel gain and necessary signal-to-interference-and-noise
ratio data in relation to currently active user equipment.
If, however, it is desired to implement a coverage opti-
mization scheme which reflects a long term or on average
trend in relation to user equipment operating in a region
of a network, cooperating base stations may be operable
to report data obtained from active virtual and inactive
user equipment; for example, data relating to previously
active user equipment or data obtained from weighted
combinations of previous or current user equipment op-
erating within a coverage region. It will be appreciated,
of course, that in some embodiments the total number
of active and virtual user equipment may be set to reflect
a long term traffic average within a region of a network.
[0080] In order to further minimise arithmetic and com-
putational demand in relation to aspects and embodi-
ments and implementations it is possible to base uplink
optimization techniques on data being reported by cell
edge user equipment. That is to say, it is possible to select
basing calculations on edge users recognises that those
edge users are likely to contribute most to inter-cell cou-
pling, which effectively limits network capacity. Recogni-
tion that those user equipment are most significant to
optimization of uplink throughput and most likely to be
experiencing interference means that calculations in re-
lation to determining which base station it is optimal for
those user equipment to be attached to can be of great
benefit. Furthermore, by basing calculations on those us-
er equipment can offer some degree of robustness
against user equipment mobility and traffic peaks.

Example of Figure 1

[0081] Turning now to Figure 2 which illustrates sche-
matically computation of a network performance matrix
F for an example network and user equipment deploy-
ment: Figure 2 illustrates a macro cell and a single small
cell together with two user equipment, UE1 and UE2.
Given reported user equipment data, a dedicated base
station is operable to determine a matrix F in relation to
various user equipment cell associations. Figure 2
shows, in Figure 2B and Figure 2C, two examples of pos-
sible user equipment to cell associations for a given user
distribution, together with corresponding network infor-
mation matrices. The dedicated base station may eval-
uate all permutations of user equipment to cell associa-
tions, but such calculations may be highly demanding of
computational power and practically, only topologies
characterised by different cell associations of cell edge
user equipment are, in the illustration shown, considered.
Having calculated a matrix for each user equipment cell
association shown, those matrices are used to generate
performance indicator L which is given by the modulus
of the dominant Eigenvalue of each relevant matrix.
[0082] Having calculated the minimum spectral radius
for each matrix, the dedicated base station is operable
to select the optimum user equipment to cell associa-
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tions, those being characterised by the smallest spectral
radius associated with the matrices. It will be appreciated
that methods for the computation of a matrix spectral
radius are well known; for example, the power method.
[0083] In an alternative embodiment, rather than con-
structing a matrix in which each user equipment has an
individually set target signal-to-interference-and-noise
ratio, the dedicated base station may be presented with
a network configuration such that each base station sets
its target signal-to-interference-and-noise ratio to the
same value for all user equipment operating in a cell
which represents a more likely real life scenario. In this
instance, a dedicated base station is operable to compute
the minimum spectral radius L of a network information
matrix by computing the spectral radius of an equivalent
matrix G. Usage of a CxC matrix G instead of an NxN
matrix F tends to be computationally more efficient since
C is typically much smaller than N, C being the total
number of cooperating base stations, rather than N which
represents the total number of user equipment in a cell
served by the C cooperating base stations.

Coverage Update

[0084] Once the dedicated base station has calculated
the optimum association between user equipment and
base stations to minimise spectral radius, it is operable,
according to some embodiments, to transmit and/ or oth-
erwise announce to cooperating base stations the nec-
essary adjustments of pilot signal strength or cell selec-
tion bias to implement the optimal associations. In one
embodiment, for example, the cell selection bias is ad-
justed after there is no further room for adapting or in-
creasing a cell pilot signal.
[0085] According to some embodiments, cooperating
base stations may be operable to use differences be-
tween a current and recommended pilot signal or bias
as an input of a digital filter (for example, a running av-
erage filter), and applying the filter output to actual control
of the pilot signal or bias setting. Such measures may
allow for a reduction in fluctuations in relation to coverage
control.
[0086] Recommendations from a dedicated base sta-
tion may be further processed by user equipment or con-
trol nodes within a network to use average results of dis-
tributed real time measurements of the spectral radius
L. Such measures may help take into account asynchro-
nous traffic amongst network user equipment.
[0087] Figure 3 illustrates schematically the main steps
of a method in accordance with one embodiment. In gen-
eral, it will be appreciated that a network control node or
dedicated base station operable to perform a method in
accordance with aspects and embodiments described
herein may perform the following steps:
[0088] Collection of data from a set of cooperating base
stations; calculation of appropriate matrices and assess-
ment of user equipment to base station associations
which minimise the spectral radius possible within the

arrangement of user equipment and cooperating base
stations of a particular scenario; and taking steps to in-
form cooperating base stations of optimal user equip-
ment associations such that it is possible to update cell
coverage, be it via control of pilot signal transmission
strength or implementation of a cell bias.

Implementation Options

[0089] In some embodiments it may be possible to im-
plement numerically efficient implementations of a gen-
eral method which do not require channel gain informa-
tion. Whilst some implementations require that user
equipment is operable to report measured information to
a dedicated base station, in some embodiments, partic-
ularly in cases where the information reported to a ded-
icated base station is insufficient to construct either a
matrix F (or G), the dedicated base station may be op-
erable to assume that an optimal association between
user equipment is characterised by balancing cell load
factors SINRCELL (NCELL-1) where SINRCELL denotes a
target signal-to-interference-and-noise ratio of all user
equipment in a given cell and NCELL denotes the number
of active user equipment in that cell. According to one
embodiment, the number of users in a macro cell oper-
ating within a heterogeneous network may be artificially
increased by an offset constant X if determining the mac-
ro cell load factor SINRCELL (NCELL-1), such an offset con-
stant X reflecting the asymmetry of inter-cell interference
coupling likely to be experienced within a heterogeneous
network. In other words, load factors could be defined in
such a scenario, such that SINRCELL
(NCELL+X+CELL TYPE-1) held for a cell specific constant
XCELL TYPE.
[0090] In some embodiments, selection of optimum as-
sociations may be subject to one or more further con-
straints in relation, for example, to the following:
[0091] Selection of, in some embodiments, the achiev-
ability of target uplink signal-to-interference-and-noise
ratios associated with an optimal association may be tak-
en into account. For example, it may be necessary to
ensure that the spectral radius parameter L is less than
or equal to 1 for a matrix or sub-matrix corresponding to
currently active user equipment. A spectral radius greater
than 1 indicates that the target uplink signal-to-interfer-
ence-and-noise ratio may simply not be achievable by
an arrangement of cooperating base stations.
[0092] In some embodiments it may be possible to take
into account coverage of future user equipment by taking
into account a minimum coverage to be operated to user
equipment offered by a base station, those user equip-
ment representing user equipment which might be ex-
pected to camp or request service at one or more of the
cooperating base stations.
[0093] In some embodiments it is possible to take into
account a balance between real time data and an aver-
age timescale set of data, and thus take into account a
bounded difference between a matrix generated from da-
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ta corresponding to active user equipment and a value
generated from data corresponding to data generated to
both active and inactive (for example, past or camping)
user equipment, thereby potentially offering a more sta-
ble network which changes coverage area less frequently
or within a bound.
[0094] In some embodiments it is possible to take into
account a bounded difference between a spectral radius
related to a current optimal association and optimal as-
sociations selected in the past, thereby limiting volatility
of coverage in response to traffic variation.
[0095] In some embodiments it may be possible to take
into account maximum user equipment transmit power
and thus mitigate against cell breathing effects, using,
for example, maximum UE power p = -(A-E)-1B such that
it is limited where E is a diagonal identity matrix, and the
i-th element of the vector B is (Oi + SINRi ni) / hii. The
term Oi denotes a positive constant (e.g., an "open-loop"
power offset) and ni denotes the AWG noise.
[0096] In some embodiments restrictions regarding
minimum or maximum base station pilot transmit power
may be implemented, thereby preventing the formation
of coverage holes within a cooperating set of base sta-
tions.
[0097] In some embodiments there may be a require-
ment to cover all currently active user equipment by a
specific base station, thereby reducing handover reduc-
tions within a set of cooperating base stations.
[0098] In some embodiments it may be possible to al-
low only a limited increase of spectral radius in response
to an increase in selected elements of the matrix F, thus
offering a degree of robustness in relation to user equip-
ment mobility within a set of cooperating base stations.
[0099] By explicitly considering a fundamental network
performance indicator relating to uplink traffic within a
network, aspects and embodiments may inherently offer
performance advantages. Aspects may allow for a quality
of service guarantee. By maintaining L such that it is less
than or equal to 1 it can be ensured that target signal-to-
interference-and-noise ratios of all network users are at
all times achievable via simple closed loop power control
methods. Aspects may allow for capacity within a network
to be maximised by lowering the spectral radius L
achieved within a set of cooperating base stations. More
randomly located users with a given signal-to-interfer-
ence-and-noise ratio may be admitted into a network
comprising those cooperating base stations whilst main-
taining the signal-to-interference-and-noise ratio for user
equipment via iterative power control methods.
[0100] Similarly, aspects may recognise that the lower
the spectral radius within a set of cooperating base sta-
tions the lower the power necessary to maintain target
signal-to-interference-and-noise ratios via iterative pow-
er control messaging, thus allowing for a degree of pas-
sive cell breathing effect mitigation. It is further possible,
by recognising user power limitations as part of con-
straints within techniques to minimise L, to actively mit-
igate against cell breathing effects. Since L is usually

characterised by an easily identifiable minimum within a
set of cooperating base stations, aspects and embodi-
ments offer a degree of simplicity and robustness.
[0101] A person of skill in the art would readily recog-
nize that steps of various above-described methods can
be performed by programmed computers. Herein, some
embodiments are also intended to cover program storage
devices, e.g., digital data storage media, which are ma-
chine or computer readable and encode machine-exe-
cutable or computer-executable programs of instruc-
tions, 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 optically readable digital data stor-
age media. The embodiments are also intended to cover
computers programmed to perform said steps of the
above-described methods.
[0102] 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 soft-
ware. 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 proces-
sors, 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) hard-
ware, 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 in-
cluded. Similarly, any switches shown in the Figures are
conceptual only. Their function may be carried out
through the operation of program logic, through dedicat-
ed logic, through the interaction of program control and
dedicated logic, or even manually, the particular tech-
nique being selectable by the implementer as more spe-
cifically understood from the context.
[0103] 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 proc-
essor, whether or not such computer or processor is ex-
plicitly shown.
[0104] 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
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are included within its spirit and scope. Furthermore, all
examples recited herein are principally intended ex-
pressly 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 fur-
thering the art, and are to be construed as being without
limitation to such specifically recited examples and con-
ditions. Moreover, all statements herein reciting princi-
ples, aspects, and embodiments of the invention, as well
as specific examples thereof, are intended to encompass
equivalents thereof.

Claims

1. A method of controlling behaviour of user equipment
located within a wireless communication network
comprising a plurality of base stations, each user
equipment being operable to form an association
with one of said plurality of base stations such that
a transmission made by said user equipment is re-
ceived by said associated base station, said method
comprising:

determining, based on a performance parame-
ter of a transmission made by each user equip-
ment having a first base station association, an
indication of said network capacity utilisation;
comparing said indication of said network ca-
pacity utilisation with a further indication of said
network capacity utilisation based on an alter-
native user equipment and base station associ-
ation; and
adjusting an operational parameter of at least
one of said plurality of base stations to control
user equipment to make that base station asso-
ciation determined by said comparison of said
indication of said network capacity utilisation
with said further indication of said network ca-
pacity utilisation to offer a lower utilisation of said
network capacity.

2. A method according to claim 1, wherein said asso-
ciation comprises that said base station is a serving
base station of said user equipment.

3. A method according to claim 1 or claim 2, wherein
said performance parameter comprises one or more
of: an indication of target signal to noise and inter-
ference ratio used by said base station associated
with said user equipment; an indication of user equip-
ment channel gain; an indication of a sum of channel
gain ratios; or an indication of interference caused
to said user equipment by other user equipment in
said network.

4. A method according to any preceding claim, wherein
said first association comprises a current user equip-

ment base station association.

5. A method according to any one of claims 1 to 3,
wherein said first association comprises an indica-
tion of a predicted user equipment base station as-
sociation.

6. A method according to any preceding claim, com-
prising: comparing multiple possible user equipment
and base station associations and adjusting an op-
erational parameter of at least one of said plurality
of base stations to control user equipment to make
a base station association determined by said com-
parison to offer a lower utilisation of said network
capacity than a current user equipment base station
association.

7. A method according to any preceding claim, wherein
said method comprises: adjusting an operational pa-
rameter of at least one of said plurality of base sta-
tions to control user equipment to make a base sta-
tion association determined by said comparison to
offer the lowest utilisation of said network capacity.

8. A method according to any preceding claim, com-
prising: considering those user equipment in said
network determined to be operating in the region of
a cell edge.

9. A method according to any preceding claim, wherein
adjusting said operational parameter comprises ad-
justing user equipment and base station association
such that: SINR1 (N1 -1) = SINR2 (N2 -1) where
SINR1 and SINR2 are target Signal to Interference
and Noise ratio (SINR) at a first and second of said
plurality of base stations, and N1 and N2 represent
a number of active user equipment in a region of
radio coverage supported by said first and second
base station of said plurality of base stations.

10. A method according to any preceding claim,wherein
the performance parameter comprises L where is
defined as the modulus of the dominant eigenvalue
of a network information matrix F, the element in the
i-th row and j-th column of an NxN matrix F being
defined by sinri hBS(i),j / hBS(i),i if i ≠ j, and 0 if i=j,
where

i index for distinguishing users in a radio cover-
age region of said plurality of base stations;
BS(i) serving base station of user i;
N total number of users in said radio coverage
region served by said plurality of base stations;
sinri target signal to noise and interference ratio
(SINR) of user i;
hBS(i),j channel gain between user j and the serv-
ing base station of user i;
hBS(i),i channel gain between user i and its serv-
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ing base station.

11. A method according to any preceding claim, wherein
adjusting said operational parameter of at least one
of said plurality of base stations comprises adjusting
pilot transmission power of at least one of said plu-
rality of base stations.

12. A method according to any preceding claim, wherein
adjusting said operational parameter of at least one
of said plurality of base stations comprises instruct-
ing user equipment to adjust a bias to a received
pilot signal strength from at least one of said plurality
of base stations.

13. A method according to any preceding claim, wherein
said communication network comprises a macro
base station supporting a macro region of radio cov-
erage and at least one small cell base station oper-
able to support a region of small cell radio coverage
within said macro region of radio coverage.

14. A computer program product operable, when exe-
cuted on a computer, to perform the method of any
one of claims 1 to 13.

15. A network control node configured to control behav-
iour of user equipment located within a wireless com-
munication network comprising a plurality of base
stations, each user equipment being operable to
form an association with one of said plurality of base
stations such that a transmission made by said user
equipment is received by said associated base sta-
tion, said network control node comprising:

determination logic operable to determine,
based on a performance parameter of a trans-
mission made by each user equipment having
a first base station association, an indication of
said network capacity utilisation;
comparison logic operable to compare said in-
dication of said network capacity utilisation with
a further indication of said network capacity uti-
lisation based on an alternative user equipment
and base station association; and
implementation logic operable to adjust an op-
erational parameter of at least one of said plu-
rality of base stations to control user equipment
to make that base station association deter-
mined by said comparison of said indication of
said network capacity utilisation with said further
indication of said network capacity utilisation to
offer a lower utilisation of said network capacity.
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