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NETWORK COORDINATION APPARATUS

FIELD OF APPLICATION

[0001] The invention relates to network coordination appa-
ratus for configuring one or more network entities, but not
exclusively limited to configuring one or more network enti-
ties within a self-organising network.

BACKGROUND OF APPLICATION

[0002] A communication system can be seen as a facility
that enables communication sessions between two or more
entities such as mobile communication devices and/or other
stations associated with the communication system. A com-
munication system and a compatible communication device
typically operate in accordance with a given standard or
specification which sets out what the various entities associ-
ated with the system are permitted to do and how that should
be achieved. For example, the manner how the communica-
tion device can access the communication system and how
communications shall be implemented between communi-
cating devices, the elements of the communication network
and/or other communication devices is typically defined.
[0003] Inawireless communication system at leasta part of
communications between at least two stations occurs over a
wireless link. Examples of wireless systems include public
land mobile networks (PLMN), satellite based communica-
tion systems and different wireless local networks, for
example wireless local area networks (WLAN). In wireless
systems a network element or network entity (NE) or access
node is provided by a base station. The radio coverage area of
a base station is known as a cell, and therefore the wireless
systems are often referred to as cellular systems. In some
systems, for example a 3GPP standard system, a base station
access node is called Node B (NB) or an enhanced Node B
(eNB).

[0004] A user can access the communication system by
means of an appropriate communication device. A commu-
nication device of a user is often referred to as user equipment
(UE). A communication device is provided with an appropri-
ate signal receiving and transmitting arrangement for
enabling communications with other parties. A communica-
tion device may be arranged to communicate, for example,
data for carrying communications such as voice, electronic
mail (email), text message, multimedia, for enabling internet
access and so on. Users may thus be offered and provided
numerous services via their communication devices. The
communication connection can be provided by means of one
or more data bearers.

[0005] In wireless systems a communication device pro-
vides a transceiver station that can communicate with the
access node and/or another communications device. A com-
munication device or user equipment may also be considered
as being a part of a communication system. In certain appli-
cations, for example in ad-hoc networks, the communication
system can be based on use of a plurality of user equipment
capable of communicating with each other.

[0006] Network management is a complex task. Complex-
ity arises on the one side from the number of network ele-
ments (NEs) that have to be deployed and managed, and on
the other side from interdependencies between the configu-
ration and the status of the deployed network elements in
terms of performance, faults, etc. In a heterogeneous network
the variety of deployed technologies and their proprietary
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operational paradigms are difficult to handle. A heteroge-
neous network for example, can be a network consisting of'a
multitude of access technologies, and different (cell) layers
within these access technologies. A layer in a wireless net-
work access technology is characterised by for example the
size or geographical area covered by one network element,
the transmission power, the bandwidth, the maximum
throughput. Examples of cell layers are macro cells, micro
and pico cells (for hotspot and enterprise coverage), and
indoor cells. Furthermore some cells may only serve closed
user groups.

[0007] The configuration, optimisation and troubleshoot-
ing of the management of the network therefore requires high
expertise and operational management workflows to be typi-
cally performed by human operators supported by software
tools. However, such manual and semi-automated manage-
ment is time-consuming, error-prone, and potentially unable
to react quickly enough to network changes and thus expen-
sive.

[0008] Ithasbeenagoal of network management designers
to attempt to automate operation, administration and manage-
ment (OAM) functions by the deployment of “Self Organis-
ing Networks” (SON). While SON concepts are generically
applicable, these focus of developments has been to Radio
Access Networks (RAN) due to the large number of NE
(radio base stations) distributed over large geographical areas
(and thus the incurred cost to doing remote and on-site man-
agement activities). In particular, for the long term evolution
(LTE) and long term evolution-advanced (LTE-A) radio
access network (RAN) standards such as evolved universal
mobile telecommunications system (UMTS) Terrestrial
Radio Access Network (E-UTRAN), SON is considered a
crucial building block, due to the anticipated high degree of
distribution and heterogeneity. In other words in such net-
works there is expected to be a wide range of telecommuni-
cations standards being employed such as concurrent opera-
tion of 2G/3G/LTE/LTE-A network elements. Furthermore
the LTE networks are believed to also be heterogeneous in
structure, for example employing LTE multi-layer structures
where there can be pico cells, micro cells, and macro cells all
operating over the same geographical range.

[0009] Typically the SON is implemented by the applica-
tion of SON functions which monitor, plan and enforce con-
trol over network elements. However because the operation of
SON functions is individual and dynamic (i.e., not pre-
planned), the application of SON function instances can have
run-time interactions with other SON functions instances.

STATEMENT OF APPLICATION

[0010] Inaccordancewith an embodiment thereis provided
a method comprising: receiving a message at a first cell com-
prising at least one of: state information for the first cell; and
state information for any neighbouring cells of the first cell;
determining a neighbouring relationship between the first cell
and any neighbouring cells.

[0011] Determining a neighbouring relationship between
the first cell and any neighbouring cells may comprise: deter-
mining for a first neighbouring relationship a state of the first
cell; determining whether the first neighbouring relationship
is applicable for at least one further state of the first cell;
determining for the first neighbouring relationship a state of
any neighbouring cell(s); determining whether the first neigh-
bouring relationship is applicable for at least one further state
of the any neighbouring cell(s).
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[0012] Receiving a message for a first cell comprising at
least one of: state information for the first cell; and state
information for any neighbouring cells of the first cell may be
from a management server.

[0013] Receiving a message for a first cell comprising at
least one of: state information for the first cell; and state
information for any neighbouring cells of the first cell may be
from a base station.

[0014] The state information may comprise at least one of
the following states: Normal; ES compensating; AAS
reshape; AAS split; AAS merge.

[0015] Receiving a message for a first cell comprises only
state information for the first cell, the method may further
comprise: generating at the first cell state information defin-
ing the state of the first cell that the neighbour relation can be
used for; transmitting from the first cell to any neighbouring
cell defined by the neighbour relationship the first cell state
information.

[0016] The method may further comprise performing col-
lection of at least one performance management counter asso-
ciated with a state of the first cell and at least one state of the
any neighbouring cell(s).

[0017] Performing collection of at least one performance
management counter associated with a state of the first cell
and at least one state of the any neighbouring cell(s) may
further comprise: collecting at least one performance man-
agement counter associated with a state of the first cell and at
least one state of the any neighbouring cell(s); reporting at the
end of at least one measurement collection period the defined
at least one performance management counter.

[0018] According to a second aspect there is provided a
method comprising: generating a message for a first cell
comprising at least one of: state information for the first cell;
and state information for any neighbouring cells of the first
cell; and transmitting the message to the first cell.

[0019] The method may further comprise receiving from
the first cell at least one performance management counter
associated with a state of the first cell and at least one state of
the any neighbouring cell(s).

[0020] The method may be is performed on a management
server.
[0021] Generating a message for a first cell comprising at

least one of: state information for the first cell; and state
information for any neighbouring cells of the first cell; and
transmitting the message to the first cell may be performed on
a base station.

[0022] According to a third aspect there is provided an
apparatus comprising: means for receiving a message at a first
cell comprising at least one of: state information for the first
cell; and state information for any neighbouring cells of the
first cell; means for determining a neighbouring relationship
between the first cell and any neighbouring cells.

[0023] The means for determining a neighbouring relation-
ship between the first cell and any neighbouring cells may
comprise: means for determining for a first neighbouring
relationship a state of the first cell; means for determining
whether the first neighbouring relationship is applicable for at
least one further state of the first cell; means for determining
for the first neighbouring relationship a state of any neigh-
bouring cell(s); means for determining whether the first
neighbouring relationship is applicable for at least one further
state of the any neighbouring cell(s).

[0024] The means for receiving a message for a first cell
comprising at least one of: state information for the first cell;
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and state information for any neighbouring cells of the first
cell may be configured to receive the message from a man-
agement server.

[0025] The means for receiving a message for a first cell
comprising at least one of: state information for the first cell;
and state information for any neighbouring cells of the first
cell may be configured to receive the message from a base
station.

[0026] The state information may comprise at least one of
the following states: Normal; ES compensating; AAS
reshape; AAS split; AAS merge.

[0027] The message for a first cell may comprise only state
information for the first cell, and the apparatus may further
comprise: means for generating at the first cell state informa-
tion defining the state of the first cell that the neighbour
relation can be used for; means for transmitting from the first
cell to any neighbouring cell defined by the neighbour rela-
tionship the first cell state information.

[0028] The apparatus may further comprise means for per-
forming collection of at least one performance management
counter associated with a state of the first cell and at least one
state of the any neighbouring cell(s).

[0029] The means for performing collection of at least one
performance management counter associated with a state of
the first cell and at least one state of the any neighbouring
cell(s) may further comprise: means for collecting at least one
performance management counter associated with a state of
the first cell and at least one state of the any neighbouring
cell(s); means for reporting at the end of at least one measure-
ment collection period the defined at least one performance
management counter.

[0030] According to a fourth aspect there is provided an
apparatus comprising: means for generating a message for a
first cell comprising at least one of: state information for the
first cell; and state information for any neighbouring cells of
the first cell; and means for transmitting the message to the
first cell.

[0031] The apparatus may further comprise means for
receiving from the first cell at least one performance manage-
ment counter associated with a state of the first cell and at
least one state of the any neighbouring cell(s).

[0032] The apparatus may be a management server.
[0033] The apparatus comprising means for generating a
message for a first cell comprising at least one of: state infor-
mation for the first cell; and state information for any neigh-
bouring cells of the first cell; and the means for transmitting
the message to the first cell, may be base station.

[0034] According to a fifth aspect there is provided an
apparatus comprising at least one processor and at least one
memory including computer program code, the at least one
memory and the computer program code configured to, with
the at least one processor, cause the apparatus at least to:
receive a message at a first cell comprising at least one of:
state information for the first cell; and state information for
any neighbouring cells of the first cell; determine a neigh-
bouring relationship between the first cell and any neighbour-
ing cells.

[0035] Determining a neighbouring relationship between
the first cell and any neighbouring cells may cause the appa-
ratus to: determine for a first neighbouring relationship a state
of the first cell; determine whether the first neighbouring
relationship is applicable for at least one further state of the
first cell; determine for the first neighbouring relationship a
state of any neighbouring cell(s); determine whether the first
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neighbouring relationship is applicable for at least one further
state of the any neighbouring cell(s).

[0036] Receiving a message for a first cell comprising at
least one of: state information for the first cell; and state
information for any neighbouring cells of the first cell may
cause the apparatus to receive the message from a manage-
ment server.

[0037] Receiving a message for a first cell comprising at
least one of: state information for the first cell; and state
information for any neighbouring cells of the first cell may
cause the apparatus to receive the message from a base sta-
tion.

[0038] The state information may comprise at least one of
the following states: Normal; ES compensating; AAS
reshape; AAS split; AAS merge.

[0039] The message for a first cell may comprise only state
information for the first cell, and the apparatus may further be
caused to: generate at the first cell state information defining
the state of the first cell that the neighbour relation can be used
for; transmit from the first cell to any neighbouring cell
defined by the neighbour relationship the first cell state infor-
mation.

[0040] The apparatus may further be caused to perform
collection of at least one performance management counter
associated with a state of the first cell and at least one state of
the any neighbouring cell(s).

[0041] Performing collection of at least one performance
management counter associated with a state of the first cell
and at least one state of the any neighbouring cell(s) may
further cause the apparatus to: collect at least one perfor-
mance management counter associated with a state of the first
cell and at least one state of the any neighbouring cell(s);
report at the end of at least one measurement collection period
the defined at least one performance management counter.
[0042] According to a sixth aspect there is provided an
apparatus comprising at least one processor and at least one
memory including computer program code, the at least one
memory and the computer program code configured to, with
the at least one processor, cause the apparatus at least to:
generate a message for a first cell comprising at least one of:
state information for the first cell; and state information for
any neighbouring cells of the first cell; transmit the message
to the first cell.

[0043] Theapparatus may be further caused to receive from
the first cell at least one performance management counter
associated with a state of the first cell and at least one state of
the any neighbouring cell(s).

[0044] The apparatus may be a management server.
[0045] The apparatus caused to generate a message for a
first cell comprising at least one of: state information for the
first cell; and state information for any neighbouring cells of
the first cell; and transmit the message to the first cell, may be
base station.

[0046] According to a seventh aspect there is provided an
apparatus comprising: a receiver configured to receive a mes-
sage at a first cell comprising at least one of: state information
for the first cell; and state information for any neighbouring
cells of the first cell; a neighbouring relationship determiner
configured to determine a neighbouring relationship between
the first cell and any neighbouring cells.

[0047] The neighbouring relationship determiner may
comprise: a first neighbouring relation determiner configured
to determine for a first neighbouring relationship a state of the
first cell; a first relationship state determiner configured to
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determine whether the first neighbouring relationship is
applicable for at least one further state of the first cell; a
neighbouring cell relation state determiner configured to
determine for the first neighbouring relationship a state of any
neighbouring cell(s); a neighbouring cell further state deter-
miner configured to determine whether the first neighbouring
relationship is applicable for at least one further state of the
any neighbouring cell(s).

[0048] The receiver may be configured to receive the mes-
sage from a management server.

[0049] The receiver may be configured to receive the mes-
sage from a base station.

[0050] The state information may comprise at least one of
the following states: Normal; ES compensating; AAS
reshape; AAS split; AAS merge.

[0051] The message for a first cell may comprise only state
information for the first cell, and the apparatus may further
comprise a state determiner configured to generate at the first
cell state information defining the state of the first cell that the
neighbour relation can be used for; a transmitter configured to
transmit from the first cell to any neighbouring cell defined by
the neighbour relationship the first cell state information.
[0052] The apparatus may further comprise a counter
definer configured to perform collection of at least one per-
formance management counter associated with a state of the
first cell and at least one state of the any neighbouring cell(s)
[0053] the counter definer may further be configured to:
collect at least one performance management counter associ-
ated with a state of the first cell and at least one state of the any
neighbouring cell(s); report at the end of at least one mea-
surement collection period the defined at least one perfor-
mance management counter.

[0054] According to an eighth aspect there is provided an
apparatus comprising: a message generator configured to
generate a message for a first cell comprising at least one of:
state information for the first cell; and state information for
any neighbouring cells of the first cell; a transmitter config-
ured to transmit the message to the first cell.

[0055] The apparatus may further comprise a receiver con-
figured to receive from the first cell at least one performance
management counter associated with a state of the first cell
and at least one state of the any neighbouring cell(s).

[0056] The apparatus may be a management server.
[0057] The apparatus comprising the message generator
and transmitter may be base station.

[0058] A computer program product stored on a medium
may cause an apparatus to perform the method as discussed
herein.

[0059] An electronic device may comprise apparatus as
discussed herein.

[0060] A chipset may comprise apparatus as discussed
herein.
[0061] Various other aspects and further embodiments are

also described in the following detailed description and in the
attached claims.

SUMMARY OF THE FIGURES

[0062] The invention will now be described in further
detail, by way of example only, with reference to the follow-
ing examples and accompanying drawings, in which:

[0063] FIG. 1 shows a schematic representation of a net-
work according to some embodiments;

[0064] FIG. 2 shows a schematic representation of a control
apparatus according to some embodiments;
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[0065] FIG. 3 shows an overview of the self-organising
network according to some embodiments;

[0066] FIG.4 shows schematically the cell network entities
operating in various states for an example energy saving
compensation;

[0067] FIG. 5 shows an example of state change during the
measurement collection period;

[0068] FIG. 6 shows schematically the cell network entities
operating in example energy saving compensation states;
[0069] FIG. 7 shows an example time flow representation
of'the interaction of the self-organising network and network
entities according to some embodiments;

[0070] FIG. 8 shows a flow diagram of the operation of
counter reporting based on state defined counters and/or sub-
counters according to some further embodiments; and
[0071] FIG. 9 shows an example flow diagram of determin-
ing current and neighbouring network entity state according
to some embodiments.

DESCRIPTION OF SOME EMBODIMENTS OF
THE APPLICATION

[0072] Inthe following certain exemplifying embodiments
are explained with reference to wireless or mobile communi-
cation systems serving mobile communication devices.
[0073] Before explaining in detail the certain exemplifying
embodiments, certain general principles of a wireless com-
munication system and the nodes thereof are briefly
explained with reference to FIGS. 1 and 2 to assist in under-
standing of the herein described embodiments.

[0074] In a communication system 10 a user can be pro-
vided with a mobile communication device 1 that can be used
for accessing various services and/or applications. The access
can be provided via an access interface between the mobile
communication device 1 and an appropriate wireless access
system of a communication system 10 comprising an access
node. An access node or network entity (NE) can be provided
by a base station. FIG. 1 shows part of a radio access network
(RAN), including a base station 2. The term base station will
be used in the following and is intended to include the use of
any of these network access nodes or any other suitable net-
work entity. The communication system 10 also comprises a
self-organising network management entity (not shown). The
self-organising network SON functions can be integrated into
the OAM (Network Management) architecture and be com-
municated via the [tf-S(Southbound) and Itf-N(Northbound)
interfaces. In some embodiments the SON functions can also
be physically integrated at the NE directly (this is a so-called
distributed approach), or they can be integrated at the OAM
system (this is a so-called centralised approach).

[0075] Anappropriate mobile user device or station may be
provided by any device capable of sending and receiving
radio signals. Non-limiting examples include a mobile station
(MS) such as a mobile phone or what is known as a ‘smart
phone’, a portable computer provided with a wireless inter-
face card or other wireless interface facility, personal data
assistant (PDA) provided with wireless communication capa-
bilities, or any combinations of these or the like. In some
embodiments some devices are not “personal” devices
directly “operated” by a human, but devices which are inte-
grated within vehicles, goods, containers. In some embodi-
ments these devices can be used for a range of operations such
as goods and/or vehicle tracking, supporting delivery pro-
cesses, or collecting and providing status data.
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[0076] A mobile communication device is often called user
equipment (UE). Each mobile device 1 and base station 2 may
have one or more radio channels open at the same time and
may receive signals from more than one source.

[0077] FIG. 1 shows a base station 2 having a cell area
associated therewith and the base station 2 is connected to
relay nodes 4, 5. Each relay node can establish a connection to
the base station 2 or alternatively the relay nodes can share the
same backhaul link. In the cell area of the base station 2, there
can be provided two relay nodes 4 and 5, but it is noted that
this is by way of example only. In practice there may be more
or less than two relay nodes. In relaying a relay node (RN) is
wirelessly connected to the radio-access network via a donor
cell, that is the cell of base station 2 of FIG. 1. FIG. 1 also
shows neighbouring cells provided by another base station 3
which the relay nodes 4, 5 are not connected to.

[0078] Relay nodes may be used, for example, in block of
flats and other buildings, offices, warehouses and/or factories
and/or in public places, for example in shopping malls, sports
or exhibition halls or arenas, particular areas of cities, on
moving platforms such as trains, ships, busses, aeroplanes
and so on.

[0079] The relay nodes 4, 5, can be relatively low power
nodes that may be deployed to provide enhanced indoor cov-
erage, additional capacity at hotspots or cell edge regions. For
example, in the case of indoor deployment, such an access
point or node may be provided for example in apartment
blocks or office buildings and hence there may be a relatively
high density of such access nodes.

[0080] Returning to FIG. 1, there is shown a gateway func-
tion 9 of the communication system 10 connecting a core
network 11 and/or another network, application functions or
services 12. A packet data network may also be provided by
means of appropriate gateway nodes. Regardless of the gate-
way arrangement, a communication device 1 can be con-
nected to an external data network, for example the internet
via the relay nodes 4, 5 and/or the base stations 2, 3.

[0081] The base stations 2, 3 can be typically controlled by
at least one appropriate controller apparatus 6. The relay
nodes 4, 5 are also typically controlled by at least one appro-
priate controller apparatus 13, 14. Furthermore the operation
of these controller apparatus can in some embodiments be
controlled by the self-organising network management entity
not shown.

[0082] FIG. 2 shows an example self-organising network
management controller apparatus for the network entities
(relay nodes 4, 5 or the base stations 2, 3). The controller
apparatus 6 is typically provided with at least one memory 31,
atleast one data processor 32 and an input/output interface 34
as shown in FIG. 2. The control apparatus 6 can further
comprise a coordination function layer 33. The control appa-
ratus 6 can be configured to execute appropriate software
applications to provide the desired control functions. The
control apparatus 6, can in some embodiments be provided in
a node and comprising at least one memory and computer
program code can be configured, with the at least one proces-
sor, to cause the node to communicate with other network
entities to communicate control information. At least some of
the processing blocks can in some embodiments be carried
out by one or more processors in conjunction with one or
more memories.

[0083] The processing block may be provided by an inte-
grated circuit or a chip set. The control apparatus can be
interconnected with other control apparatuses.
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[0084] A non-limiting example of mobile architectures
where the herein described principles may be applied is
known as the Evolved Universal Terrestrial Radio Access
Network (E-UTRAN). Non-limiting examples of appropriate
access nodes are a base station of such system, for example
what is known as NodeB or eNB in the vocabulary of the
3GPP specifications. Other examples include base stations of
systems that are based on technologies such as wireless local
area network (WLAN) and/or WiMax (Worldwide Interoper-
ability for Microwave Access). Access nodes can provide
cellular system level base stations providing E-UTRAN fea-
tures such as user plane Radio Link Control/Medium Access
Control/Physical layer protocol (RLC/MAC/PHY) and con-
trol plane Radio Resource Control (RRC) protocol termina-
tions towards mobile communication devices.

[0085] FIG. 3 shows a schematic overview of an example
self-organising network management controller 251 or auto-
mated operation administration and management (OAM)
function apparatus. With respect to the following examples
the operation of the example self-organising network man-
agement controller focuses on the organisation of Radio
Access Networks (RAN) and in particular for LTE and
LTE-A RAN (E-UTRAN).

[0086] The self-organising network management control-
ler 251 is shown operating under a pre-planned or network
design layer 201 and operating on the network layer 277.
[0087] The network design layer 201 is shown comprising
a network planning operator 203 configured to produce data
detailing the network physical or geographical design and the
network topological or logical design and pass this to the
self-organising network management controller layer to be
stored in the network plan repository 253.

[0088] Furthermore the network design layer 201 can com-
prise a network workflow and policy operator 205 configured
to produce design data detailing the operation policies to be
applied to the network by the self-organising network man-
agement controller layer and stored in a policies storage 255.
[0089] The network design layer 201 can furthermore com-
prises a self-organising network (SON) operator 207 config-
ured to review at a design layer the operation of the self-
organising network management controller and propose
based on operational experience and feedback information
with can be implement in the network workflow and policy
operator 205 and the network planning operator 203 as well as
being passed to the self-organising network management
controller 251.

[0090] The self-organising network management control-
ler in some embodiments comprises a repository 253 config-
ured to receive the network information from the network
planning operator 203 and configured to supply this informa-
tion to the self-organising network management controller
processor 257.

[0091] Furthermore in some embodiments the self-organ-
ising network management controller comprises a policy
storage 255 configured to receive the policy information from
the network workflow and policies operator 205 and further
configured to supply the policies information to the self-
organising network management controller processor 257.
[0092] The self-organising network management control-
ler 251 in some embodiments comprises a self-organising
network management controller processor 257 configured to
receive network information from the repository 253, policy
information from the policies storage 255 and furthermore
receive network sensory information from the network layer
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275. In some embodiments the coupling between the network
layer 275 and the self-organising network management con-
troller processor 257 are a performance management (PM)
coupling providing/receiving PM information, a configura-
tion management (CM) coupling providing/receiving CM
information and a fault management (FM) coupling provid-
ing/receiving FM information. The automation of this pro-
cess (analysis, decision making) is the concept of SON.
[0093] The self-organising network management control-
ler processor 257 can in some embodiments include a coor-
dination function controller or processor, a workflow function
controller or processor and a policy enforcement controller or
processor.

[0094] The network layer 271 can in some embodiments
comprise actuators configured to receive the CM, FM and PM
information from the self-organising network management
controller processor 257 and configured to control the net-
work elements. In some embodiments the actuators 273 can
be configured to receive a feedback coupling from a network
layer policy enforcement processor 279. It would be under-
stood as described herein that in some embodiments the SON
functions can therefore be physically integrated at the NE
directly and the SON algorithms running on the network layer
policy enforcement processor 279 (this is a so-called distrib-
uted approach), or they can be integrated at the OAM system
level, and the SON algorithms running on the self-organising
network management controller processor 257 (this is a so-
called centralised approach). It would be understood that in
some embodiments a hybrid approach can be implemented
wherein some of the SON algorithms run on the network layer
policy enforcement processor 279 and some of the SON
algorithms run on the network layer policy enforcement pro-
cessor 279.

[0095] The network layer 271 can furthermore in some
embodiments comprise the network elements 277 which are
configured by the actuators 273. Furthermore the network
elements 277 can be configured to supply a sensor 275 with
suitable CM, FM and PM information.

[0096] The network layer 271 in some embodiments com-
prise a sensor monitoring the CM, FM and PM information
and supply at least part of this information to a policy enforce-
ment processor within the self-organising network manage-
ment controller processor and furthermore in some embodi-
ments to a network layer policy enforcement processor 279.
[0097] The network layer 271 furthermore in some
embodiments can comprise a network layer policy enforce-
ment processor 279 configured to perform local feedback to
the actuator 273.

[0098] In some embodiments self-organising network
management controller processor can be configured to parti-
tion the self-organisation tasks into the areas of configuration,
optimisation and healing.

[0099] Within each partition area is can be possible in some
embodiments to define SON use cases. SON use cases can
themselves be characterised by a trigger situation (in other
words a pre-condition under which a control functionality is
activated), the inputs to the use case (which may for example
include the targeted network resource), the required steps to
fulfil a use case, the output (for example the possible actions
to be performed on the network resources), and the result (in
other words the post-condition).

[0100] It would be understood that SON functions are in
some embodiments the realisation of the functionality
required by a SON use case. Each SON function can in some
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embodiments be partitioned into a monitoring part, an algo-
rithm part and, an action or execution part.

[0101] For example a monitoring part can be defined by a
monitoring of measurements, key performance indicator
(KPI) or events relevant to the use case or a trigger situation.
In some examples the monitoring part defines a detector
functionality for the trigger situation. In some embodiments
the monitoring part can be continuously active, scheduled at
certain times/time intervals or be triggered on-demand (for
example by a human operator).

[0102] The algorithm part furthermore in some embodi-
ments can be defined by the acquisition of input data (in
addition to monitoring data), an evaluation of network state
and context, and a computation of new configurations and
whether/when trigger additional tasks/functions are to be per-
formed.

[0103] The action part is in some embodiments defined as
the enforcement of the algorithm part results.

[0104] The SON functions have a generic function area
which in some embodiments can be associated with the func-
tion. The function area comprises all network resources, and
in particular the cells as discussed herein, which have to be
manipulated by a SON function to achieve the desired goal.
These resources can be defined both in terms of geographical
area (where for example the network resources are a set of
cells) and/or in terms of topological area (where for example
the network resources are a set of router interfaces).

[0105] The SON function instances can in some embodi-
ments be defined as the run-time instantiation of a (specific
part of a) SON function. They can be understood to act on
network resources in a certain area at a certain time. Thus
while the “function area” discussed herein is generic (in other
words implies that a function works, e.g., on a pair of two
adjacent cells). The function instance area, however, is a
concrete instantiation of the function (for the example intro-
duced above, a specific pair of cells with IDs X and Y being
adjacent to each other).

[0106] It would be understood that the SON function
instances have a spatial scope (e.g., set of cells, set of network
interfaces) and temporal scope (activity in certain time inter-
vals). Furthermore a SON function instance may get active at
any time (e.g., triggered by a network measurement crossing
a threshold) without any involvement by a human operator or
a conventional OAM function. However it would be under-
stood that in some embodiments there may be situations
where a SON function instance is started by the human opera-
tor. Thus SON function instances can be considered to run or
operate “inside” the OAM system and/or the NE.

[0107] This therefore is different from traditional network
operation and optimisation where data of an entire network
domain is “aligned” to the OAM system and then modified
(optimised) within a single offline function. When new NE
configurations have been computed, they are “rolled out” in
the next step. The execution of this alignment/rollout cycle is
scheduled/planned and supported by a human operator.
[0108] The execution of SON functions can furthermore be
considered to be individual and dynamic (in other words not
pre-planned and rolled out).

[0109] As described herein SON functions use measure-
ments as inputs. For example the input can be an observation
of the network status and behaviour, the observations being
used to determine when a desired SON function is to be
started.
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[0110] The measurements or observations can arrive from
different sources, for example network elements such as radio
base stations, user equipment, or a performance management
system which is part of the operation, administration and
maintenance (OAM) system. The measurements can consist
of, for example, radio measurements, counters, timers, key
performance indicators (KPI) and other suitable indicators.
The measurements are generally not real-time, in other words
not sent instantly to the requesting target but collected over a
certain time period. The measurement interval or time period
over which the measurement is made is typically called the
granularity period (GP) and is typically defined for each
measurement. The measurement data can then be collected
over the whole runtime of the granularity period and at the end
of the granularity period, the collected measurement data is
aggregated to a measurement resource file, this file being
transferred to the management system or an SON function
and the next granularity period started. The granularity period
start and end points are typically fixed. For example a granu-
larity period can be every 10 minutes starting at 11.00, 11.10,
11.20 and so on. These fixed start and end times are usually
defined network-wide within an operator domain as the same
measurements used as input for SON functions can also be
used as standard OAM performance management inputs.
[0111] One of the functions being applicable to SON func-
tions is energy saving. Energy saving for LTE in overlaid
deployment is supported by switching off the overlaid cell
(whose coverage can be taken care of by the overlaying cells
without changing the coverage parameters) in distributed,
EM (Element Manager) centralized and NM (Network Man-
ager) centralized solutions.

[0112] The energy saving is implemented in capacity lim-
ited deployment in NM centralized solution by switching off
one cell and changing (enlarging) the coverage of other cells
to compensate the energy saving cell. These coverage modi-
fications can be enabled by implementing AAS (Active
Antenna System) within access nodes such as eNBs and
could lead to cells being (re)shaped, or split or merged.
[0113] With the energy saving functions above, the state of
the cell as well as its coverage can be changed dynamically.
When a cell changes the coverage, it may need some different
neighbour relations, and some neighbour relations may be
only used in some certain state(s).

[0114] Furthermore as discussed herein some (other) SON
functions use the state of a cell and its neighbours and the
statistics per state (either the cell itself and/or the neighbour)
to make the optimizations for the specific state.

[0115] For example when the coverage of a cell and/or its
neighbours is changed, the measurement settings of the cell
and its neighbours such as the cell individual offset (CIO),
suitable for the new state should be used, and when the state
is changed back, these corresponding settings are required to
be changed back. Furthermore issues (like handover issues)
which occur in one state may not exist when the cell exits that
state, and vice versa.

[0116] For instance with respect to FIG. 4, is shown a
configuration where there comprises a central cell or eNB
shown by eNB1 301 and surrounded by three neighbouring
cells or eNBs, eNB2 303, eNB3 305 and eNB4 307. The left
hand side of FIG. 4 shows the operation of the central cell in
a normal state, having coverage areas 311,, 311,, and 3115,
which partially overlap the coverage areas of the neighbour-
ing cells such that coverage areas 311, and 311, partially
overlap the coverage area 311, of the second cell 303, cover-
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age areas 311, and 311, partially overlap the coverage area
3115 of the third cell 305 and coverage areas 3115 and 311,
partially overlap the coverage area 311, of the third cell 307.
The right hand side of FIG. 4 shows the operation of the
central cell in a compensating state, having coverage areas
351,,351,, and 351, which completely overlap the coverage
areas of the neighbouring cells such that coverage areas 351,
covers the coverage area of the third cell 305, coverage area
351, covers the coverage area of the fourth cell 307 and
coverage area 311, covers the coverage area of the second cell
303. It would be understood that in this example the CIO of
cell 1 eNB1 301 relationship with cell 2 eNB2 303 can be
different when operating in the energy saving compensating
state from non-compensating (normal) state, and the han-
dovers issues from cell 1 to cell 2 which can occurred in
energy saving (ES) compensating state may not exist in non-
compensating state.

[0117] Furthermore as described herein the self-organising
network (SON) control functions, such as mobility robust-
ness optimisation (MRO), and coverage and capacity optimi-
sation (CCO) are based on statistical analysis of specific
failure types and rely on stationary deployment conditions at
least for the time interval collecting statistics. In other words
the SON control function must know the issues such as hand
over (HO) failures which occur while operating in each state,
and apply the optimization to each state based on issues
occurred during that state.

[0118] In some circumstances the state of a cell and its
neighbours may be already known. For example in the situ-
ation of distributed energy saving state (ES) when one cell ¢
can be configured to activate and/or deactivate another cell for
energy saving by employing a suitable message over the
S1/X2 message interface.

[0119] However when ES application is centralized, the
configuration management (CM) interface does notindicate a
state (for example that the cell is operating in an ES compen-
sating state) but the state is only known on the NM layer and
the NM changes only the corresponding parameters (for
example parameters such as tilt, power). In such circum-
stances the cell only knows its parameters have been changed
but does not know that the parameters have been changed
because of ES compensation or coverage and capacity opti-
misation (CCO), or other purposes.

[0120] Furthermore as the SON control functions are based
on failure statistics, these statistics are only reliable as long as
stationarity of the cell deployment can be guaranteed. In other
word the statistics must not be mixed for different deploy-
ment states in order to allow proper analysis and optimisation
for that state. It would be understood that the statistics should
be also precise for the employment of operation, administra-
tion and management (OAM) functions, in order that the
correct evaluation for the SON functions can be performed.
Thus whatever deployment change is considered, for
example deactivation of a cell or tilt change of a cell, it would
be understood that in a cellular deployment the deployment
change does not only affect the cell being changed butusually
any neighbouring cells as well. For example, mobility robust-
ness optimisation (MRO) specific failure types are collected
by the eNB controlling the cell responsible for the failure.
[0121] As described herein the reporting period (or granu-
larity period) of the performance management (PM) counters
to the network management (NM) are configurable and
adjustable (for example the granularity period (GP) can be 15
mins, 30 mins). Within the granularity period, the cell state
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(for example energy saving state) may change, but the data
model of the interface (Itf-N) currently does not allow a
state-specific distinction of the PM counters. This creates the
situation where there is no way to distinguish how many
events, like hand over failures, occur in each state as the
events are accumulated over all of the period. In other words
it is currently not possible to determine within a single granu-
larity period how many events occur while the cell is in a first
state (for example an energy saving compensating state), and
how many events occur in another state (for example normal
state) where the example cell changes state during the granu-
larity period.

[0122] For example FIG. 5 shows a timing line where three
granularity periods or collection periods 421 are shown.
Within a first collection period the output counter value 401 is
6 and the third collection period the output counter value 403
is 3.

[0123] However as is shown in FIG. 5 within the first col-
lection period a state change 400 occurs and the pre state
change event count 411 before the state change is 5 and the
post state change event count 413 after the state change is 1
generating the total output counter value 401 of 6. Further-
more within the third collection period a state change 402
occurs and the pre state change event count 415 before the
state change is 3 and the post state change event count 417
after the state change is O generating the total output counter
value 401 of 3. In other words the counter output values do not
reflect the apparent reduction of events which occur within
the collection period.

[0124] Furthermore the change of state for the cells can
generate situations where based on the different cell states,
the cell can have different neighbours. For instance FIG. 6
shows an example series of cells 1-6 operating in normal
mode and in an energy saving mode. In the normal mode of
operation each cell has approximately the same coverage area
such that cell 1 has coverage area 501,, cell 2 has coverage
area 501, cell 3 has coverage area 5015, cell 4 has coverage
area 501, cell 5 has coverage area 5015, cell 6 has coverage
area 501, and cell 7 has coverage area 501,. In the example
shown in the normal mode cell 3 and cell 4 are not neighbours
of'cell 6 and cell 7 being separated by cell 1. In the ES mode
of operation each cell has different coverage areas such that
cell 1 is a dormant cell 511,, cell 2 has coverage area 511,
which is the same as the normal cell 2 coverage area 501 ,, cell
3 has a compensating coverage area 511;, cell 4 has a com-
pensating coverage area 511, cell 5 has coverage area 5115
which is the same as the normal cell 5 coverage area 501, cell
6 has a compensating coverage area 511, and cell 7 has a
compensating coverage area 511,. In the ES mode Cell 3 and
Cell 4 are neighbours of Cell 6 and Cell 7 as the coverage
areas of Cell 3, Cell 4, Cell 6, and Cell 7, compensate for the
dormant cell.

[0125] The neighbour relations in different cell states could
be modified by (added and removed by) an automatic neigh-
bour relations (ANR) and operation administration and man-
agement function (OAM), for example cell 3 and cell 4 may
be added by ANR as neighbours of cell 6 and cell 7 during ES
mode.

[0126] However, since the cell 3 and cell 4 are only used as
neighbours in ES mode but not used in normal mode, and the
ES period can be far shorter than normal period, so the usage
of cell 3 and cell 4 as neighbours can be “rare” compared to
other neighbours in normal mode. Without knowing that cell
3 andcell 4 are only used in ES mode, ANR or OAM functions
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could wrongly remove them from the neighbour relation table
(NRT) during normal mode, and could replace them with
other newly found neighbours in normal mode.

[0127] The same issues exist also with other active antenna
system (AAS) functionality. For example cell reshape, cell
split and/or merge and other similar SON functions which
shift coverage onward and back can be misrepresented due to
the change of state not being effectively reported quickly
enough.

[0128] It has been proposed to propagate so-called signa-
tures describing the state of a cell being computed in the eNB
to the other nodes by the X2/S1 interface as well as to OAM.
However where a centralized function makes the state
change, this is not practical because it would require both
centralized and distributed signalling. This can waste inter-
face resources on the X2/S1 interface because when one cell
changes state and informs all of the neighbour cells this
change can be part of several cells state change. For example
when cells change state for one purpose (for example ES
compensating) each cell would inform all of their neighbours
separately which could result in a signalling flood.

[0129] Furthermore for some cases, the implementation of
signalling over the X2/S1 interface may not work at all (even
where the state is changed by the distributed function). For
example where cell A and cell B have a unidirectional neigh-
bour relationship from cell A to cell B. In other words cell B
does not necessarily know that it is in the NCL of cell A or in
other words cell A knows B but cell B does not know that it is
in the neighbour list of cell A. The SON functions (like MRO)
running on cell A should also know the state of cell B, since
both together determine a dedicated state and allow a correct
optimization (like CIO update) for the neighbour relation
from cell A to cell B. But in this case where cell A is not a
neighbour of cell B, cell B does not know cell A, thus cell B
is not able to inform cell A about the state change (on cell B).
The CIO of cell A to cell B is used only for handover from A
to B and itis not important if cell B has A onits NRT. However
that cell A knows the deployment state of cell B is needed.

[0130] Furthermore there are some instances where there is
no X2 interface between two eNBs.

[0131] With respect to the counter issue it has been pro-
posed that assuming that the deployment states of cell chang-
ing less frequently than the SON PM counter (or granularity
period) are reported, then the centralized SON entity can be
configured to assign and to sort out the PM counters accord-
ing to the dedicated state. For example where the measure-
ment collection period (or granularity period) is 15 mins, and
the energy saving (ES) compensating state lasts 1 hour, then
the SON function can receive at least 3 consistent reports
within the 1 hour period. Furthermore where the SON func-
tion (for example a MRO function) is performing the correc-
tion (such as a CIO update) after 24 h, the function will have
sufficient statistical information for each state and will be able
for reliable corrections.

[0132] However, a problem arises where cell configura-
tions are changed more frequently or have to react more
quickly, for example not every SON function is implemented
for every 24 hours. There are for example other traffic driven
SON functions or actions which are not time based for gen-
erating reliable statistics, but react on absolute number of
failure events or traffic load. In these situations the cell con-
figuration changes may occur within a 15 min period and,
therefore, events cannot be separated with respect to the
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deployment state before and afterward the state change and
thus any determined measurement statistics are worthless.
[0133] With respect to the updating of neighbour states it
has been proposed to include or support a setting of “no
removal” for the neighbour relations, which means once the
“no removal” is checked the neighbour relation cannot be
removed by the ANR function. However there are some issues
with this permanent setting. These can for example be that the
neighbour relation may be added by an ANR function, with-
out knowing that the neighbour relation is defined with
respect to different deployment states (for example whether
the neighbour is for ES mode or normal mode). Furthermore
it would be understood that in such a configuration the OAM
would not have knowledge of whether to set the neighbour
relation to be “no removal”. Secondly with SON capabilities,
the coverage in ES mode can be further fine-tuned or opti-
mised, so the neighbour relations while a first cell is deployed
in ES mode may be also further changed by the changing of
deployment modes in other cells ‘neighbouring’ the first cell.
In such situations the permanence of the neighbour relation
may be too strict and reduce the efficiency because the neigh-
bour relationship (NR) may turn “bad” for some states (in
other words be incorrectly defining the neighbouring cells)
and should be replaced by some other NR. Thirdly without
ANR, the OAM functions cannot manually solve all the
issues. For instance for AAS, the OAM functionality may not
know beforehand what the resultant coverage is after any cell
reshaping, cell splitting and/or merging, thus the OAM func-
tionality may not be able to configure or defined the correct
neighbour relationships. In such situations automatic neigh-
bour relation (ANR) functions are required.

[0134] The issues mentioned herein are addressed in the
embodiments described herein. Specifically the concept as
discussed with respect to the examples and embodiments
herein employ the OAM/SON server to inform a cell the state
of the neighbouring cells as well as in some embodiments to
inform or configure the cell to operate in a specified mode or
state. For example as discussed herein the OAM could inform
(or configure) the cell of the state(s) of neighbour cells using
an EUtranRelation object, or the EUtranGenericCell object
and/or ExternalEUtranGenericCell object when representing
a neighbour cell (of the cell). As discussed herein an alterna-
tive (or complementary) solution would be to employ the X2
ENB CONFIGURATION UPDATE message to propagate
the state to the neighbouring cells.

[0135] Furthermore as discussed in embodiments the con-
cept can be to employ the OAM/SON server to inform or
configure a cell with a deployment status (for example an
energy saving compensating state) of a cell (for example
when the OAM performs the reconfiguration). In such
embodiments the OAM informs or configures the cell with a
cell state and thus it is clear to the cell (and the SON functions)
that the reconfiguration change is for a specific state.

[0136] The concept as discussed within embodiments
described herein furthermore is to provide a new performance
manager (PM) counter (or subcounter) for a dedicated
deployment status resulting from cell configuration in com-
bination with the configuration of related neighbouring cell
(s). In other words a counter or subcounter can be defined for
the cell state and the neighbouring cell state permutation. In
such a manner the statistics generated can be usable for any
kind of implementation (for example time based, statistics
threshold based), and they are also precise and reliable
regardless of how long time the state lasts for.
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[0137] Insuch a manner by separating the counters for the
state of both the cell and the neighbouring cells, there may be
generated many counters. In some embodiments as described
in the embodiments herein subcounters are defined only for
the state combinations or permutations that have been found
in the collection period (granularity period) to be reported.
For example where the cell does not support ES/AAS, orifthe
state is not used in that collection period, the cell does not
need to report the subcounter associated with that state com-
bination.

[0138] Theconcept ofthe embodiments as described herein
with respect to indicating the state(s) that a Neighbour Rela-
tion (NR) can be used for employing the followings opera-
tions:

[0139] When adding aNR, the ANR/OAM function que-
ries the state of the cell (for example wether the cell is
normal, ES compensating or otherwise), and indicates
the state to the NR;

[0140] Ifthe ANR/OAM functionality finds a NR is also
usable for other state(s) of the cell, then also indicates
these state(s) to the NR;

[0141] Furthermore when adding a NR, the ANR/OAM
queries the state of the neighbour (for example whether
the neighbour cell is operating in a normal, ES compen-
sating or other state), and indicates the state of the neigh-
bour to the NR;

[0142] Furthermore Ifthe ANR/OAM functionality finds
a NR is also usable for other state(s) of the neighbour,
then also indicates these state(s) of the neighbour to the
NR;

[0143] The ANR/OAM function then periodically or
regularly evaluates the utility of the NR per the state(s)
that the NR can be used for, to decide to retain or keep it,
remove it or replace it with others for the state(s).

[0144] With respect to FIG. 7 an example flow diagram is
shown showing various embodiments wherein status infor-
mation can be passed between entities such as the OAM/SON
server and the cells (shown as eNodeB elements). In the
example shown in FIG. 7 a OAM/SON server 600 is shown
being configured in a system comprising a ‘current’ first cell
eNB1 602 and a ‘neighbouring’ second cell eNB2 604. It
would be understood that there could in some embodiments
be more than one neighbouring cell and that in some embodi-
ments the definition of a ‘current’ and ‘neighbouring’ cell is
one which occurs based on the state of operation of the ‘cur-
rent’ and ‘neighbouring’ cells as is discussed herein.

[0145] In some embodiments the OAM/SON server 600
can be configured to generate messages (and transmit mes-
sages) to cells, such as eNB1 602, (and eNB2 604 when the
eNB2 is operating as the ‘current’ cell) which configure (or
instruct or inform) the cell the state of the neighbouring cells
and furthermore configures the cell with a specific state.

[0146] The example shown in FIG. 7 shows a OAM/SON
server 600 generating a first message 601 to be sent to the first
cell eNB1 602. The first message 601 can comprise informa-
tion defining the state of the cell and of the neighbouring cells.
In other words the message 601 comprises information on the
state of the first cell eNB1 602 and also the neighbouring cell
eNB2 604. Similarly the OAM/SON server 600 can generate
and transmit a second message 603 to the second cell eNB2
604 the second message 603 can comprise information defin-
ing the state of the second cell 604 and also of the neighbour-
ing cell eNB1 602.
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[0147] Insomeembodiments the first message 601 (and the
second message 603) comprises information defining the
state of the neighbouring cells only. In such embodiments the
OAM/SON server 600 can be configured to generate a further
set of messages defining the state of the cell to be instructed.
This is shown in FIG. 7 by the third message 607 and the
fourth message 609. The third message 607 is generated by
the OAM/SON server 600 and comprises information defin-
ing the state of the first cell eNB1 602. Similarly the fourth
message 609 comprises information defining the state of the
second cell eNB2 604.

[0148] In some embodiments the OAM/SON server 600 is
configured to only generate messages comprising informa-
tion which defines the state of the cell to be instructed. In other
words only sending the third 607 and fourth 609 messages
from the OAM/SON server 600. In such embodiments the
cells (eNB1 602 and eNB2 604) can further be configured to
generate and transmit messages from one cell to neighbour-
ing cells comprising information informing the recipient cell
which state the transmitting cell is in. This is shown in FIG. 7
by the message 605 generated from the first cell 602 eNB1 to
the second cell eNB2 604. In some embodiments this cell to
cell communication message can be a X2 eNB configuration
update message which propagates the state to the neighbour-
ing cell.

[0149] With respect to FIG. 9 the operation of managing
neighbour relation information according to the embodi-
ments described herein is shown. The example shown in FI1G.
9 shows the OAM server which implements an automatic
neighbour relation (ANR) function.

[0150] Insomeembodiments the ANR/OAM is configured
to add a neighbour relation or relationship between cells. In
such embodiments the ANR/OAM is configured to generate a
query to determine the state of the cell. For example whether
the cell is currently operating a normal mode, an energy-
saving compensating mode or some other mode. The ANR/
OAM can then be configured to indicate the state to the
neighbour relations (NR) function.

[0151] The operation of querying the state of the cell and
indicating the state to the neighbouring relation is shown in
FIG. 9 by step 801.

[0152] Furthermore the ANR/OAM can be configured to
determine whether the determined NR is usable for other
states of the cell. These other usable states can then be indi-
cated to the NR.

[0153] The operation of determining whether the NR is
suitable for further states of the cell and indicating the usable
states to the NR is shown in FIG. 9 by step 803.

[0154] Furthermore in generating the NR the ANR/OAM
can query the state of the neighbouring cells. In other words
determine whether the neighbouring cells are operating in a
normal mode, or an energy-saving compensating mode or
some other mode. The state of the neighbouring cells can then
be indicated to the neighbour relations (NR).

[0155] The operation of querying the state of the neigh-
bouring cells and indicating the states to the NR are is shown
in FIG. 9 by step 805.

[0156] Furthermore the ANR/OAM can be configured to
determine whether the NR is also usable for other states of the
neighbouring cell and indicate these states to the NR.
[0157] The operation of determining whether the NR is
usable for other states of the neighbouring cell and indicating
the usable states to the NR is shown in FIG. 9 by step 807.
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[0158] Furthermore the ANR/OAM can be configured to
periodically or regularly evaluate the utility of the NR for the
states that the NR can be used for. The results of the evaluation
can then be employed by the ANR/OAM to then determine
whether to keep, remove, or replace the NR with others for the
states.

[0159] The operation of evaluating the NR for the states is
shown in FIG. 9 by step 809.

[0160] With respect to indicating the state of the source cell
and of the neighbouring that a NR is useful for, in other words
generating a NR specific parameter indicating the state of the
source cell and the neighbouring cell that the NR can be used
for could be to add the attributes shown in bold to the EUtran-
Relation IOC.
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[0166] The cell then collects the performance counters for
the current states based on the current state of the current cell
and neighbour cell(s).

[0167] The operation of collecting the performance
counters for the current states based on the current state of the
current cell and neighbour cell(s) is shown in FIG. 8 by step
703

[0168] Insomeembodiments the cell determines whether a
change of the state of the current cell or neighbour cell(s) is
obtained.

[0169] The operation of determining whether the apparatus
obtains a neighbouring cell state change or cell state change
indication is shown in FIG. 8 by step 705.

Support

Qualifier | isReadable | isWritable | isInvariant | isNotifyable
Attribute name
tCI e} M M M
isRemoveAllowed CM M M M
isHOAllowed CM M M M
isICICInformationSend Allowed CM M M M
isLBAllowed CM M M M
isESCoveredBy CM M M M
qOffset CM M M M
cellIndividualOffset CM M M M
stateOfSourceCellUsedFor M M M M
stateOfNeighbourCellUsedFor M M M M
Attribute related to role
adjacentCell M M M M

[0161]
example:

The definition for these attributes could be for

Documentation and

Attribute Name Allowed Values Properties

stateOfSource- The state (list) of the type: <<enumeration>>
CellUsedFor source cell that the multiplicity: 1 ... n*
neighbour can be used for.  isOrdered: N/A
It could be one or more isUnique: N/A
of the following state: defaultValue: None
Normal isNullable: No
ES compensating
AAS reshape
AAS split
AAS merge
stateOfNeigh- See above See above

bourCellUsedFor

[0162] Insomeembodiments thetwo attributes canbe com-
bined to a single attribute but with values indicating the state
of the source cell and the state of the neighbour cell respec-
tively.

[0163] With respect to FIG. 8 a flow diagram showing an
example performance counter configuration is shown.
[0164] In some embodiments the cell can be configured to
define or activate a performance counter or sub-counter
which is based on the permutation or combination of states of
the determined current cell and the neighbouring cell(s).
[0165] The operation of defining or activating a perfor-
mance counter or sub-counter based on the states of the cur-
rent cell and neighbour cell(s) is shown in FI1G. 8 by step 701.

[0170] Once the change of the state current cell or neigh-
bour cell(s) is obtained, the cell then collects the performance
counters based on the new current state. In other words passes
back to step 703.

[0171] The cell can then determine whether the measure-
ment collection period (or granularity period) has ended.
[0172] The operation of determining whether the end of the
measurement collection period has been met is shown in FI1G.
8 by step 707.

[0173] Where the measurement collection period has not
ended then the operation can pass back to the operation of
collecting performance counters based on the current state of
the current state of the current cell and neighbour cell(s) in
other words passing back to step 703.

[0174] Where the end of measurement collection period (or
granularity period) has been met then the operation can pass
to the step of determining which of the counters or sub
counters are active or have been defined.

[0175] The operation of determining the active or defined
counters or sub counters is shown in FIG. 8 by step 709.
[0176] The cell can then be configured to report the active
or defined sub-counters or counters only.

[0177] The operation of reporting the active or defined
counters only is shown in FIG. 8 by step 711.

[0178] The operation can then be passed back to the next
measurement collection period.

[0179] In other words pass back to step 701.

[0180] Itis also noted herein that while the above describes
exemplifying embodiments of the invention, there are several
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variations and modifications which may be made to the dis-
closed solution without departing from the scope of the
present invention.
[0181] In general, the various embodiments may be imple-
mented in hardware or special purpose circuits, software,
logic or any combination thereof. Some aspects of the inven-
tion may be implemented in hardware, while other aspects
may be implemented in firmware or software which may be
executed by a controller, microprocessor or other computing
device, although the invention is not limited thereto. While
various aspects of the invention may be illustrated and
described as block diagrams, flow charts, or using some other
pictorial representation, it is well understood that these
blocks, apparatus, systems, techniques or methods described
herein may be implemented in, as non-limiting examples,
hardware, software, firmware, special purpose circuits or
logic, general purpose hardware or controller or other com-
puting devices, or some combination thereof.
[0182] The embodiments of this invention may be imple-
mented by computer software executable by a data processor
of the mobile device, such as in the processor entity, or by
hardware, or by a combination of software and hardware.
[0183] Further in this regard it should be noted that any
blocks of the logic flow as in the Figures may represent
program steps, or interconnected logic circuits, blocks and
functions, or a combination of program steps and logic cir-
cuits, blocks and functions. The software may be stored on
such physical media as memory chips, or memory blocks
implemented within the processor, magnetic media such as
hard disk or floppy disks, and optical media such as for
example DVD and the data variants thereof, CD.
[0184] The memory may be of any type suitable to the local
technical environment and may be implemented using any
suitable data storage technology, such as semiconductor-
based memory devices, magnetic memory devices and sys-
tems, optical memory devices and systems, fixed memory and
removable memory.
[0185] The foregoing description has provided by way of
exemplary and non-limiting examples a full and informative
description of the exemplary embodiment of this invention.
However, various modifications and adaptations may become
apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the
accompanying drawings and the appended claims. However,
all such and similar modifications of the teachings of this
invention will still fall within the scope of this invention as
defined in the appended claims. Indeed, there is a further
embodiment comprising a combination of one or more of any
of the other embodiments previously discussed.
1. A method comprising:
receiving a message at a first cell comprising at least one of:
state information for the first cell; and state information
for any neighbouring cells of the first cell; and
determining a neighbouring relationship between the first
cell and any neighbouring cells.
2. The method as claimed in claim 1, wherein determining
a neighbouring relationship between the first cell and any
neighbouring cells comprises:
determining for a first neighbouring relationship a state of
the first cell;
determining whether the first neighbouring relationship is
applicable for at least one further state of the first cell;
determining for the first neighbouring relationship a state
of any neighbouring cell(s);
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determining whether the first neighbouring relationship is
applicable for at least one further state of the any neigh-
bouring cell(s).

3. The method as claimed in claim 2, wherein receiving a
message for a first cell comprising at least one of: state infor-
mation for the first cell; and state information for any neigh-
bouring cells of the first cell is from a management server.

4. The method as claimed in claim 2, wherein receiving a
message for a first cell comprising at least one of: state infor-
mation for the first cell; and state information for any neigh-
bouring cells of the first cell is from a base station.

5. The method as claimed in claim 1, wherein the state
information comprises at least one of the following states:

Normal;

ES compensating;

AAS reshape;

AAS split;

AAS merge.

6. The method as claimed in claim 1, wherein receiving a
message for a first cell comprises only state information for
the first cell, the method further comprising:

generating at the first cell state information defining the

state of the first cell that the neighbour relation can be
used for;

transmitting from the first cell to any neighbouring cell

defined by the neighbour relationship the first cell state
information.

7. The method as claimed in claim 1, further comprising
performing collection of at least one performance manage-
ment counter associated with a state of the first cell and at
least one state of the any neighbouring cell(s).

8. The method as claimed in claim 7, wherein performing
collection of at least one performance management counter
associated with a state of the first cell and at least one state of
the any neighbouring cell(s) further comprising:

collecting at least one performance management counter

associated with a state of the first cell and at least one
state of the any neighbouring cell(s);

reporting at the end of at least one measurement collection

period the defined at least one performance management
counter.

9. A method comprising:

generating a message for a first cell comprising at least one

of: state information for the first cell; and state informa-
tion for any neighbouring cells of the first cell; and
transmitting the message to the first cell.

10. The method as claimed in claim 9 further comprising
receiving from the first cell at least one performance manage-
ment counter associated with a state of the first cell and at
least one state of the any neighbouring cell(s).

11. The method as claimed in claim 9, wherein the method
is performed on a management server.

12. The method as claimed in claim 9, wherein generating
a message for a first cell comprising at least one of: state
information for the first cell; and state information for any
neighbouring cells of the first cell; and transmitting the mes-
sage to the first cell are performed on a base station.

13. (canceled)

14. (canceled)

15. An apparatus comprising at least one processor and at
least one memory including computer program code, the at
least one memory and the computer program code configured
to, with the at least one processor, cause the apparatus at least
to:
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receive a message at a first cell comprising at least one of:
state information for the first cell; and state information
for any neighbouring cells of the first cell; and

determine a neighbouring relationship between the first
cell and any neighbouring cells.

16. An apparatus comprising at least one processor and at
least one memory including computer program code, the at
least one memory and the computer program code configured
to, with the at least one processor, cause the apparatus at least
to:

generate a message for a first cell comprising at least one
of: state information for the first cell; and state informa-
tion for any neighbouring cells of the first cell; and

transmit the message to the first cell.

17. An apparatus comprising:

a receiver configured to receive a message at a first cell
comprising at least one of: state information for the first
cell; and state information for any neighbouring cells of
the first cell; and

a neighbouring relationship determiner configured to
determine a neighbouring relationship between the first
cell and any neighbouring cells.

18. An apparatus comprising:

a message generator configured to generate a message for
a first cell comprising at least one of: state information
for the first cell; and state information for any neighbour-
ing cells of the first cell; and

atransmitter configured to transmit the message to the first
cell.
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