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which a small cell base station is operable to
support communications with user equipment
and sleeping state in which a small cell base
station is inoperable to support communica-
tions with user equipment, comprises the steps
of: determining whether a predetermined event
has been experienced by at least one small cell
base station of a group of small cell base sta-
tions and, if so, instructing at least a sub-group
comprising a plurality of small cell base sta-
tions of said group of small cell base stations
to transition between said non-sleeping state
and said sleeping state. Such an approach
helps to optimize energy savings made by
small cell base stations within the network,
whilst ensuring that appropriate levels of ser-

vice are maintained for user equipment.
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NETWORK NODE AND METHOD

FIELD OF THE INVENTION

The present invention relates to a method, a network node and a computer program

product.

BACKGROUND

In a cellular wireless telecommunications system, radio coverage is provided by areas
known as cells. A base station is located in each cell to provide the radio coverage
area. Traditional base stations provide coverage in relatively large geographical areas
and these cells are often referred to as macro cells. It is possible to provide smaller-
sized cells, often within a macro cell. Such smaller-sized cells are sometimes referred to
as micro cells, pico cells or femto cells. The term “small cell” will be used to refer
generally to all such small cells. Small cells are typically established by providing a small
cell base station that provides radio coverage having a relatively limited range, often
within the radio coverage area of a macro cell. The fransmission power of the smaill cell
base station is relatively low and, hence, each small cell provides a smaller coverage
area compared to that of a macro cell and covers, for example, an office or other
commercial location or a home. A group of such small cell base stations may together

provide a wireless small cell network.

Such small cells are typically provided where the communications coverage provided
by the macro cell is poor, or where a user wishes to use an alternative communications
link provided locally by the small cell base station to communicate with the core
network. Such a situation may arise where, for example, a pre-existing communications
network exists and the use of that network to communicate with the core network is

desired in preference to that provided by the macro network.

The group of small cell base stations providing the wireless small cell network can
together provide extended local coverage to user equipment throughout, for example,
a home, an office building or a commercial premises by using multiple small cell base
stations distributed throughout those buildings, which enables each of those base
stations to transmit at a lower power than would otherwise be necessary if coverage

was to be provided by a single small cell base station.

Although the deployment of such small cell base stations provides many advantages,

the proliferation of the deployment of such small cell base stations can cause
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undesirable consequences. Accordingly, it is desired to provide improved techniques

for obviating the problems associated with such deployments.

SUMMARY

According to a first aspect, there is provided a method of controlling an operating
state of small cell base stations, the operating state comprising one of a non-sleeping
state in which a small cell base station is operable to support communications with user
equipment and sleeping state in which a small cell base station is inoperable to support
communications with user equipment, the method comprising the steps of: determining
whether a predetermined event has been experienced by at least one small cell base
station of a group of small cell base stations and, if so, instructing at least a sub-group
comprising a plurality of small cell base stations of the group of small cell base stations
to transition between the non-sleeping state and the sleeping state.

The first aspect recognises that one of the most numerous elements within a wireless
telecommunications network are the base stations which support the radio interface
and provide the cellular coverage of the network, allowing user equipment to access
that network. One of the elements of a base station that consumes the most power is
the power amplifier. Typically, base stations continuously tfransmit a pilot (for example,
a common pilot channel) and broadcast information all the time regardiess of whether
there is any traffic or user equipment within the cell being supported by that base
station. Hence, significant energy savings can be achieved if the base stations within
the network can enter a sleeping or inactive state or mode where they shut off their

transmitters (and particularly their power amplifiers) when there is no traffic.

Small cell base stations consume significantly less power than macro base stations and
the actual energy savings per small cell base station that would be realised by entering
a sleeping mode and turning off the transmitter (and particulary the power amplifier) in
any one small cell base station is low. However, when numerous small cell base stations
are deployed, the cumulative savings are potentially very significant. Whilst shutting off
a small cell base station helps provide energy savings, one of the consequences is that
whenever user equipment roams into the cell supported by that small cell base station,
the small cell base station needs to be able to rapidly switch on its transmitter again in
order to provide coverage to that user equipment and to inform the user equipment of
the small cell base station’s presence, so as to allow the user equipment to either
establish a connection with that small cell base station or to allow it to maintain an

existing connection.
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Having the ability to rapidly switch the transmitter on again is likely to be more
important for a small cell base station than a macro base station since the small cell
base station coverage area is considerably smaller and, hence, a transiting user
equipment could move between small cell base stations much more rapidly than

between macro base stations.

Therefore, the first aspect recognises that one key element supporting a viable energy
saving mechanism within the wireless telecommunications network is having the ability
to be able to inform a small cell base station of when it should fransition between
sleeping and non-sleeping states and to ensure that this is provided to the small cell
base station in a swift and efficient way, so as to allow the small cell base station to
provide the required services to any user equipment within its coverage area when

required.

The first aspect also recognises that a key deployment scenario for small cell base
stations is likely to be within a commercial environment such as an office or shopping
mall. In this scenario, the deployment of the small cell base stations is likely to be
managed and, hence, the small cell base stations will be typically located to ensure
adequate coverage throughout the entire building. Since such deployments are likely
to be managed, it may be possible that small cell base stations can be grouped
together to provide sub-groups within the building and, hence, energy saving
mechanisms may then be co-ordinated across these groupings to ensure that the
mechanisms are as effective and efficient as possible. Without such co-ordinated
mechanisms across sub-groups, each small cell base station may attempt to
autonomously manage its energy saving mechanisms, which can lead to issues when
small cell base stations are deployed as a network, since each small cell base station
may take action which seems appropriate to it but which affects the overall
performance of the small cell network, such as, for example, small cell base stations
exiting the energy saving state at different times or not exiting the energy saving state

at all when user equipment approaches.

Accordingly, a method of controlling an operating state of small cell base stations is
provided. The operating state may be either a sleeping or a non-sleeping state. In the
sleeping state the small cell base station may be inoperable to support
communications with user equipment because, for example, its transmitter and, in
particular, its power amplifier has been deactivated. In such a state, the small cell base
station may still be operable to communicate with the core network, typically via a

backhaul connection. The non-sleeping state may comprise a state in which the
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normal operation of the small cell base station may occur and which may enable the
small cell base station to support communications with user equipment. The small cell
base stations may be formed into a group. That is to say, each small cell base station in
a network under the control of an operator for, for example, a building or group of
buildings may be a member of such a group. Should a predetermined or predefined
event involving one or more small cell base station within the group occur, then more
than one base station from within the group may be instructed or ordered to transition
between the sleeping and non-sleeping states. For the avoidance of doubt, it will be
appreciated that the transition between the sleeping and non-sleeping states
encompasses both a transition from the sleeping to the non-sleeping state and from the
non-sleeping to the -sleeping state. It will also be appreciated that such a fransition
may cause all instructed smali cell base stations to transition to the same sleeping or

non-sleeping state.

In this way, it can be seen that rather than each small cell base station acting
autonomously to determine what it considers to be the best operating state for its
particular circumstances, instead, small cell base stations within the group may
cooperate to ensure that the most appropriate operating state of small cell base
stations within the group is selected. Such an approach helps to optimize energy
savings made by smali cell base stations within the network, whilst ensuring that

appropriate levels of service are maintained for user equipment.

In one embodiment, the step of instructing comprises instructing a sub-group including
the at least one small cell base station to transition between the sleeping and the non-
sleeping state. Accordingly. the sub-group which includes the small cell base station for
which the predetermined event occurred may be instructed or ordered to fransition
between the non-sleeping and sleeping states. Instructing the small cell base stations
within the same sub-group as the small cell base station for which the event occurred

to transition to the same operating state helps to improve the likelihood that those small
cell base stations within the sub-group are in the correct operating state for the

circumstances being experienced by at least some within that sub-group.

In one embodiment, the step of instructing comprises instructing a plurality of sub-
groups to transition between the sleeping and the non-sleeping state. Accordingly.
more than one sub-group may be selected to transition between the non-sleeping and
sleeping state.
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In one embodiment, the step of instructing comprises instructing the group to transition
between the sleeping and the non-sleeping state. Hence, all small cell base stations
within the group may be selected to transition to the same operating state. Again, this
may improve the likelihood that the small cell base stations are in an operating state
which is appropriate for the circumstances being experienced by at least some within

that group.

In one embodiment, the predetermined event comprises detection of user equipment
and the step of instructing comprises instructing a transition to the non-sleeping state.
Accordingly, when user equipment has been identified as being present by a small cell
base station, then an instruction is sent to small cell base stations of one or more sub-
groups to transition to the non-sleeping state in order to provide support for that user

equipment.

In one embodiment, the predetermined event comprises successful attachment of user
equipment and the step of instructing comprises instructing a transition to the non-
sleeping state. Hence, only when the user equipment successfully attaches to the small
cell base station may the instruction to small cell base stations of one or more sub-
groups to transition to the non-sleeping state occur. This helps to ensure that user
equipment that will not be supported by the small cell base stations do not cause a

transition from the sleeping state.

In one embodiment, the predetermined event comprises detection of a register user
equipment message and the step of instructing comprises instructing a transition to the
non-sleeping state. Accordingly, only when a small cell base station provides a
message indicating that user equipment has registered does the instruction to small cell
base stations of one or more sub-groups to transition to the non-sleeping state occur.

In one embodiment, the predetermined event comprises failure to detect any user
equipment by small cell base stations of af least one sub-group and the step of
instructing comprises instructing a transition of the at least one sub-group to the
sleeping state. Accordingly, when no user equipment is any longer detectable by
those small cell base stations of a sub-group, the sub-group may be instructed to
transition to the sleeping state. Hence, when no user equipment is present, the sub-
group may be deactivated in order to save power without causing any reduction in

service to user equipment,
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In one embodiment, the step of instructing comprises transmitting a multicast message
to instruct the transition between the sleeping and the non-sleeping state. Accordingly,
the instruction may take the form of a multi-cast message which instructs intended
recipients to transition between the non-sleeping and sleeping states. It will be
appreciated that such a multi-cast message may be transmitted to all small cell base
stations within the group or to small cell base stations from one or more sub-groups. The
use of a multi-cast message reduces the number of individual messages that would
otherwise need to be fransmitted.

In one embodiment, the method comprises the step of configuring at least one small
cell base station of the group 1o ignore instructions to transition to the sleeping state
and instead to remain in the non-sleeping state. Accordingly, one or more small cell
base stations may be configured not to respond to instructions to transition to the
sleeping state. This enables “guard” small cell base stations to remain constantly on
and able to support communications with user equipment. Such guard base stations
may be typically designated where their coverage area includes entry or exit points of
a building in order to enable those guard base stations to detect the presence of user
equipment when they first attach to or leave the small cell network within the building
in which the guard base stations are deployed.

In one embodiment, the method comprises the step of configuring the small cell base
stations to transition to the non-sleeping state periodically. Accordingly, small cell base
stations may be configured to transition to an active state on a regular basis enabling
small cell base stations elsewhere within the network to be designated as guard base
stations either permanently or on a transitional basis. For example, every remaining
small cell base station which is not an entry or exit point of the network may be
designated, even temporarily, as a guard base station in order to detect the presence
of previously undetectable user equipment within the coverage area of the network.
This approach is particularly effective at identifying user equipment which may have
been switched off or was otherwise inactive or undetectable by guard base stations at

entry and exit points.

In one embodiment, the method compirises the step of configuring the small cell base
stations to transition to the non-sleeping state periodically at different times.
Accordingly, each base station may transition from the sleeping state at a different
time in order 1o prevent peak power consumption that might otherwise occur and to
improve the likelihood that at least some coverage may be provided somewhere
within the network at any one time.
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In one embodiment, the predetermined event comprises detection that a network time
associated with the at least one small cell base station of the group now falis within one
of a plurality of time periods, each time period being associated with an operating
state allocated to that time period and the step of instructing comprises instructing a
transition to one of the sleeping state and the non-sleeping state associated with the
one of the plurality of time periods. Accordingly, a number of time periods may be
defined which may be non-overlapping. Each of those time periods may be
associated with a particular operating state. For example, two time periods may be
defined. A first time period may run from 8.00pm to 6.00am and this time period may
be associated with the sleeping state. A second time period may be defined running
from 6.00am to 8.00pm and this time period may be associated with the non-sleeping
state. A current time may be associated with each small cell base station within the
group. When it is determined that the current time associated with a small cell base
station within the group now falls within one of the time periods, then a small celi base
station may be instructed to transition to the operating state associated with that time
period. For example, if the time associated with a small cell base station is deemed
now to fall within a new time period, then small cell base stations may be instructed to
transition their operating state. Returning to the example given above, if it is
determined that the time associated with a smali cell base station now falls within the
time period of 6.00am to 8.00pm, small cell base stations may be instructed to fransition
to the non-sleeping state. Likewise, if it is determined that the time associated with a
small cell base station now falls within the 8.00pm to 6.00am time period, then small cell
base stations may be instructed to transition to the sleeping state. In this way, it can be
seen that periods of time may be selected based on the expected requirements of
users and/or expected access by users to the buildings and small cell base stations may
be deactivated at periods when it is expected that no service is required from those

small cell base stations to support user equipment.

It will be appreciated that this technigue may be used in combination with techniques
mentioned above relating to the detection of user equipment to ensure that an
appropriate balance of power saving and service level is provided to user equipment.
For example, a determination may be made prior to transitioning to a sleeping state of
whether any user equipment is still being supported either by an individual small cell

base station, base stations within a sub-group or base stations within the whole group.

In one embodiment, the predetermined event comprises detection that a network time

associated with the at least one small cell base station of the group now falls within one
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of a set of a plurality of time periods, each set of a plurality of time periods being
associated with a different sub-group, each time period being associated with an
operating state allocated during that time period for that time period, and the step of
instructing comprises instructing a transition of the sub-group to one of the sleeping
state and the non-sleeping state associated with the one of the set of the plurality of
time periods. Accordingly, different time periods and operating states may be defined
for different sub-groups. For example, a first sub-group within a deployment such as a
building may be defined which seeks to instruct small cell base stations to fransition to
the sleeping state very early in the evening. This may be useful in, for example,
commercial deployments where those small cell base stations are associated with
shops which may shut relatively early. However, a second sub-group may be defined
where small cell base stations are only instructed to transition fo the sleeping mode in
the early morning and those small cell base stations may be associated with leisure
facilities within the building which may be open for a much longer time. By providing
different time periods and operating states it improves flexibility and helps optimize the
balance between power saving and service levels based on expected user

requirements.

in one embodiment, each small cell base station with each sub-group shares a
common characteristic. Hence, each small cell base station within a sub-group may
share a similar characteristic which helps define the expected user requirements on
small cell base stations within that sub-group and helps to simplify control of smaill cell
base stations since it may be desirable that each small cell base station within the sub-

group receives the same instruction to transition to the same operating state.

In one embodiment, the common characteristic comprises at least one of an access
type identifier, a location identifier, a function identifier. Hence, the characteristic may
comprise an access type identifier. Such an access type identifier may indicate
whether the small cell base station is closed access or open access. It may be possible
to treat all closed and all open access base stations in the same way. The common
characteristic may comprise a location identifier. Small cell base stations located at
the same location or located in a similar type of location may be formed into the same
group. For example, a building or portion of building may have the same location
identifier. It may be that that building or portion of building may have its access
restricted at particular times. Hence, it may be possible to cause all of the small cell
base stations within that area to change their operating state at the same time.
likewise, the location area identifier may indicate different zones of a building and,
again, it may be possible to change the operating state of all small cell base stations

8
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within those zones at the same time. The common characteristic may comprise a
function identifier. Accordingly, each small cell base station may be associated with a
particular function. For example, some base stations may be grouped into a common
facilities function, whereby it is expected that a high level of service is o be provided to
user equipment. Likewise, some small cell base stations may be designated to function
as limited access base stations where it is acceptable for less extensive access to be
provided to user equipment. By sub-grouping small cell base stations in this way, it is
possible to cause operating state fransitions in an appropriate manner for small cell

base stations having those functions.

In one embodiment, the predetermined event comprises detection of an emergency
situation and the step of instructing comprises instructing a tfransition to the non-sleeping
state. Accordingly, should an emergency be detected such as, for example, through
the provision of an emergency detection signal, then all smali cell base stations may be
instructed to fransition to a non-sleeping state in order to provide maximum

communications coverage during the incident.

In one embodiment, the predetermined event comprises detection of a power outage
and the step of instructing comprises instructing a transition to the sleeping state.
Accordingly. should a signal be provided indicating that a power outage occuired,
then small cell base stations may be instructed to transition to the sleeping state in order
to help conserve power. It will be appreciated that a sub-group of small cell base
stations may be retained in the non-sleeping state in order to provide skeleton

coverage to user equipment.

According to a second aspect, there is provided a network node operable to control
an operating state of small cell base stations, the operating state comprising one of a
non-sleeping state sleeping state in which a small cell base station is operable to
support communications with user equipment and sleeping state in which a small cell
base station is inoperable to support communications with user equipment, the network
node comprising: determining logic operable to determine whether a predetermined
event has been experienced by at least one small cell base station of a group of small
cell base stations and; instruction logic operable, if the determining logic determines
that the predetermined event has been experienced by at least one small cell base
station of a group of small cell base stations, to instruct at least a sub-group comprising
a plurality of small cell base stations of the group of small cell base stations to transition
between the non-sleeping state and the sleeping state.
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In one embodiment, the instruction logic is operable to instruct a sub-group including
the at least one small cell base station to transition between the sleeping and the non-
sleeping state. Hence, the sub-group may be instructed to transition from the sleeping
to the non-sleeping state or from the non-sleeping to the sleeping state.

In one embodiment, the instruction logic is operable to instruct a plurality of sub-groups
to transition between the sleeping and the non-sleeping state. Hence, the plurality of
sub-group may be instructed to transition from the sleeping to the non-sleeping state or
from the non-sleeping to the sleeping state.

In one embodiment, the instruction logic is operable to instruct the group o transition
between the sleeping and the non-sleeping state. Hence, the group may be instructed
to transition from the sleeping to the non-sleeping state or from the non-sleeping to the
sleeping state.

In one embodiment, the predetermined event comprises detection of user equipment

and the instruction logic is operable to instruct a transition to the non-sleeping state.

In one embodiment, the predetermined event comprises successful attachment of user
equipment and the instruction logic is operable to instruct a transition to the non-

sleeping state.

In one embodiment, the predetermined event comprises detection of a register user
equipment message and the instruction logic is operable to instruct a transition to the

non-sleeping state.

in one embodiment, the predetermined event comprises failure to detect any user
equipment by small cell base stations of at least one sub-group and the instruction logic

is operable to instruct a transition of the at least one sub-group to the sleeping state.

In one embodiment, the instruction logic is operable to transmit a multicast message to
instruct the transition between the sleeping and the non-sleeping state.

In one embodiment, the network node comprises configuring logic operable to

configure at least one small cell base station of the group to ignore instructions to
transition to the sleeping state and instead to remain in the non-sleeping state.

10
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In one embodiment, the network node comprises configuring logic is operable to

configure the small cell base stations to fransition to the non-steeping state periodically.

In one embodiment, the network node comprises configuring logic is operable to
configure the small cell base stations to transition to the non-sleeping state periodically
at different times.

in one embodiment, the predetermined event comprises detection that a network time
associated with the at least one small cell base station of the group now falls within one
of a plurality of time periods, each time period being associated with an operating
state allocated to that fime period and the instruction logic is operable to instruct a
transition to one of the sleeping state and the non-sleeping state associated with the

one of the plurality of time periods.

In one embodiment, the predetermined event comprises detection that a network time
associated with the at least one small cell base station of the group now falls within one
of a set of a plurdlity of fime periods, each set of a plurality of time periods being
associated with a different sub-group, each time period being associated with an
operating state allocated during that time period for that time period, and the
instruction logic is operable to instruct a fransition of the sub-group to one of the
sleeping state and the non-sleeping state associated with the one of the set of the

plurality of time periods.

In one embodiment, each small cell base station with each sub-group shares a

common characteristic.

In one embodiment, the common characteristic comprises at least one of an access

type identifier, a location identifier, a function identifier.

In one embodiment, the predetermined event comprises detection of an emergency
situation and the instruction logic is operable to instruct a fransition to the non-sleeping
state.

In one embodiment, the predetermined event comprises detection of a power outage

and the instruction logic is operable 1o instruct a transition to the sleeping state.

In one embodiment, the network node comprises one of a gateway and a small cell
base station.

11



10

15

20

25

30

35

WO 2012/079696 PCT/EP2011/005899

According to a third aspect, there is provided a computer program product operable,
when executed on a computer, to perform the method steps of the first aspect.

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

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described further, with reference fo
the accompanying drawings, in which:

Figure 1 illustrates the main components of a wireless telecommunications network
according to one embodiment;

Figure 2 illustrates a general femto cell deployment within one macro cell shown in
Figurel;

Figure 3 illustrates an example of deployment of small cell base stations; and

Figure 4 illustrates an example arrangement having a guard smaill cell base station.

DESCRIPTION OF THE EMBODIMENTS
Deployment Overview

Figure 1 illustrates a wireless communication system, generally 10, according to one
embodiment. User equipment 44 roam through the wireless communication system 10.
Base stations 22 are provided which support respective macro cells 24. A number of
such base stations are provided, which are distributed geographically in order to
provide a wide area of coverage 1o the user equipment 44. When user equipment 44 is
within a macro cell 24 supported by the base station 22 then communications may be
established between the user equipment 44 and the base station 22 over an
associated radio link. Each base station typically supports a number of sectors.
Typically, a different antenna within a base station supports an associated sector. Of
course, it will be appreciated that Figure 1 illustrates a small subset of the total number
of user equipment and base stations that may be present in a typical communications

system.

The wireless communication system 10 is managed by a radio network controller (RNC)
170. The radio network controller 170 controls the operation of the wireless
communications system 10 by communicating with the base stations 22 over a

backhaul communications link 160. The network controller 170 also communicates with
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the user equipment 44 via their respective radio links in order to efficiently manage the

wireless communication system 10.

The radio network controller 170 maintains a neighbour list which includes information
about the geographical relationship between cells supported by base stations and the
radio network controller 170 broadcasts a representation of base station neighbours
using a system information broadcast channel. In addition, the radio network conftroller
170 maintains location information which provides information on the location of the
user equipment within the wireless communications system 10. The radio network
controller 170 is operable to route traffic via circuit-switched and packet-switched
networks. Hence, a mobile switching centre 250 is provided with which the radio
network controller 170 may communicate. The mobile switching centre 250 then
communicates with a circuit-switched network such as a public switched telephone
network (PSTN) 210. Likewise, the radio network controller 170 communicates with
serving general packet radio service support nodes (SGSNs) 220 and a gateway
general packet radio service support node (GGSN) 180. The GGSN then
communicates with a packet-switch core 190 such as, for example, the Internet.

As shown in more detail in Figure 2, there are provided small cell base stations, in this
example femto cell base stations Fato Fc, each of which provides a femto cell Ato Cin
the vicinity of a building within which the associated femto cell base station is installed.
The femto cells A to C provide local communications coverage for a user in the vicinity
of those buildings. Each femto cell base station Fato Fc communicates via a femtocell
controller/gateway 230. The femtocell controller/gateway 230 maintains a neighbour
list which includes information about the geographical relationship between cells
supported by base stations. A mobility event such as a handover or camping event
occurs between the base station 22 and the femto cell base stations Fato Fc when the
femto base stations Fato Fc come within range of the user equipment 44. The femto
cell base stations Fato Fc typically utilise the user’s broadband Internet connection 240
(such as ADSL, Cable, Ethemnet, etc.) as a backhaul.

Femto cell base stations Fato Fc are lower-power, low-cost, user-deployed base stations
that provide a high cellular quality of service in residential or enterprise environment. In
contrast to current macro cell approaches where complex and highly reliable base
stations are deployed to strategic locations decided by the network owner, the femto
cell base stations Fato Fc are provided locally by customers or can be managed by the
operator to augment their coverage for public users. Such femto cell base stations Fa

o Fc provide local coverage in areas of the macro network where quality of service
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may be low. Hence, the femto cell base stations Fato Fc provide for improved quality

of service in areas which are difficult for network operators.

To reduce the cost of the femto base stations Fato Fc and to reduce complexity and
interference effects of the femto cell on other user equipment within the macro cell,
the transmission power of the femto cell base station Fato Fc is relatively low in order to
restrict the size of the femto cell to a range of tens of metres or less. The femto cell base
stations Fato Fc have extensive auto-configuration and self-optimisation capability to
enable a simply plug-and-play deployment. As such, they are designed to

automatically integrate themselves into an existing macro cellular wireless network 10.

The femto cells are normally grouped into clusters and each femto cell cluster behaves
like a single RNC when communicating with an SGSN in an existing packet switch core
network or when communicating with a MSC in an existing circuit switched core
network. However, given that the RNC functionality is geographically dispersed across
a large number of network elements, it is necessary to deploy a femtocell
controller/gateway 230 for each cluster of femto cells. This femtocell
controller/gateway 230 terminates the signalling interfaces between the traditional
core network elements and the femto cell cluster, thereby creating the notion of a
single virtual RNC. This virtual RNC represents the femto cell cluster as a whole. The
femtocell controller/gateway 230 supports a number of procedures that are
implemented on the femto base stations themselves.

Although the techniques mentioned herein have utility in any user equipment and base
station arrangement, these techniques are particularly beneficial in a femto or smaill
cell deployment where the network operator has less control over the deployment and

configuration of such small cells.

Opergtion Overview
Before discussing embodiments in any further detail, an overview will first be provided.

in order to support a viable energy saving mechanism within the network, a technique
is provided which has the ability to inform a small cell base station when it should switch
on or off its power amplifier and/or other components to switch between a sleeping
state and non-sleeping state and to ensure that this information is provided to the small
cell base station in a swift and efficient manner. This enables the small cell base station
to perform power saving whilst also providing the required services o any user

equipment within its coverage area when required. In particular, when in the sleeping
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state the hardware components in the small cell base station supporting the small cell
base station’s air interface and pilot transmissions (such as the power amplifier) are
switched off, but the hardware components necessary 1o support communication with
the core network over the backhaul will remain on. When in the non-sleeping state, all
required hardware components in the small cell base station will be switched on.

In a commercial environment deployment, such as in an office, a shopping mall or a
serviced apartment block, small cell base stations such as femto base stations are likely
to be managed and, femto base stations may be located to ensure adequate
coverage throughout the entire building or complex. Since such deployments are likely
to be managed, it is possible that small cell base stations can be grouped together to
provide sub-groups within the building and, hence, energy saving mechanisms can be
co-ordinated across these sub-groups to ensure that the mechanisms are as effective

and efficient as possible.

Such an gpproach improves upon solutions where each small cell base station
autonomously manages its energy saving mechanism, which can lead to issues when
small cell base stations are deployed in close proximity 1o provide, for example, a small
cell network. Accordingly, this technique effectively coordinates energy saving
mechanisms across groups or sub-groups of femto base stations when deployed. The
technique provides a cenirdlised arrangement which may be controlled by a femtocell
controller/gateway 230, such as that illustrated in Figure 1, or, alternatively, the
functions may be provided by an enterprise gateway (not shown) which may be
deployed locally within the building, or, alternatively, the functions may be provided by
a controlling or master small cell base station which has additional functionality. For the
purposes of the following description it will be assumed that the functionality resides in
the femtocell controller/gateway 230.

The femtocell controller/gateway 230 provides an indication to each small cell base
station of when they should enter and exit an energy saving mode in response to an
event occurring. In order to provide an effective technique, each small cell base
station is designated with information relating to its deployment within the environment.
This enables smail cell base stations 1o be sub-grouped if necessary so that certain sub-
groups of small cell base stations can be informed of when to enter and exit the energy
saving mode without having to freat all small cell base stations within the deployment
together. In certain deployments it may be desirable to treat all small cell base stations
within the deployment together, but by introducing an energy saving designation it is
possible to sub-divide small cell base stations if necessary.
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In addition, certain small cell base stations may be designated as guard small cell base
stations and may be deployed at the entrance or exit to the premises and, hence, can
be excluded from the energy saving mode commands sent by the femtocell
controller/gateway 230. Such small cell base stations will continue to act as normail
small cell base stations with their fransmitters and receivers fully functional. Hence,
when an event occurs such as user equipment attaches to such a guard small cell
base station, then this small cell base station can provide an indication to the femtocell
controller/gateway 230 that user equipment has attached and the femtocell
controller/gateway 230 can then make a determination of whether it needs to
propagate this indication to other small cell base stations, a sub-group of small cell
base stations, more than one sub-group of small cell base stations, or the whole group
of small cell base stations, such that they can be provided with a frigger to enter or exit
their energy saving modes.

Alternatively and/or additionally, either a small cell base station can provide an
indication of the current time at the small cell base station to the femtocell
controller/gateway 230, or the femtocell controller/gateway 230 may itself determine
the time at the small cell base station and determine from this event whether the small
cell base station, a sub-group of small cell base stations, a plurality of sub-groups of
small cell base stations or the entire group of small cell base stations should transition in

or out of the energy saving mode.

For example, taking the above example, an additional determination may be that only
when user equipment attaches to a guard small cell base station after a specific time
(such as early in the morning) will the femtocell controller/gateway 230 make a
determination to propagate a trigger that a small cell base station should exit its energy

saving mode.

Additionally and/or alternatively, a small cell base station, user equipment or other
network node is operable to provide an indication to the femtocell controller/gateway
230 indicating that an emergency event has occurred within the building and the
femtocell controller/gateway 230 is operable to provide a trigger to a sub-group, a
plurality of sub-groups or the whole group of smaill cell base stations to exit their power
saving mode in order to provide maximum coverage 1o user equipment during the

emergency situation.

Likewise, a small cell base station, user equipment or other network node may provide
an indication to the femtocell controller/gateway 230 indicating that a power outage
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event has occurred within the building and the femtocell controller/gateway 230 is
operable to fransmit a trigger to a sub-group, a plurality of sub-groups or the whole
group of small cell base stations to transition to their energy saving mode. This helps to
minimise the power load on any emergency generators by switching off as many small
cell base stations as possible whilst optionally retaining at least one sub-group of smaill
cell base stations to provide skeleton coverage.

Time Control

Figure 3 illustrates an example of deployment of small cell base stations arranged to
provide coverage within a commercial mall providing a mixture of shops and leisure
activities (for example, cinemaq, ten-pin bowling, restaurants). A similar deployment
may be used for an office deployment providing a mixture of offices and communal
areas or an apartment providing dwellings and communal areas. Due to the mixture of
the different functions within the building, it is desirable to be able to sub-divide the
small cell base stations within the building so that energy savings can be applied to
different sub-groups. For example, the small cell base stations covering the shops could
enter an energy saving mode when the shops close, which is likely to be significantly
before those small cell base stations covering the leisure activities within the complex,
since such leisure activities would most likely be open during the evenings and possibly
into the early morning.

Accordingly. the femtocell gateway/controller 230 is provided with information
detailing where each small cell base station is deployed and/or the use or function
associated with the location where the small cell base station is deployed and/or the
group or sub-groups to which the small cell base station belongs, together with
information defining a timeline detailing when the small cell base stations can enter
and exit their energy saving modes. These timelines define a series of time periods and

associate an operating state of the small cell base station with that period.

Either the small cell base stations themselves or the femtocell controller/gateway 230
determines the current time associated with that small cell base station and is able to
determine whether a change in operating state is required. The time associated with
the small cell base station may be provided from a clock within the small cell base
station or femtocell controller/gateway 230, or from network timing signals.

It will be appreciated that the femtocell controller/gateway 230 may maintain an
indication of the current operating state of each smaill cell base station and only send

an instruction when a change in operating state is required.
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Each of the different sub-groups may also have associated therewith a different
fimeline detailing different periods of time and the operating state of the small cell base
stations during those times. The femtocell controller/gateway 230 can therefore instruct
each sub-group of small cell base stations when they should switch off their power
amplifiers and similarly, at some future point, when they can switch on their power
amplifiers again. These instructions may utilise a standard 3GPP protocol between the
femtocell controller/gateway 230 and the small cell base stations to transmit these

instructions.

In this example, small cell base stations SBSCi-s are allocated to sub-group A and
provide coverage to the shops, whilst smaill cell base stations SBSCo.16 are allocated to
sub-group B and provide coverage to the leisure premises. In this example, the
femtocell controller/gateway 230 sends an indication 1o only those small cell base
stations in sub-group A to enter and exit the energy saving mode based on, for
example, the time of day. Similar indications are sent to the small cell base stations in

sub-group B at a different times or based on different criteria.

For example, the femtocell controller/gateway 230 may instruct the small cell base
stations in sub-group A to switch operating state to the non-sleeping state at 8.00am,
and instruct a return to the non-sleeping state at 7.00pm. Similarly, the femtocell
controller/gateway 230 may instruct the small cell base stations in sub-group B to enter
the non-sleeping state at 10.00am and switch back to the sleeping state at 2.00am.

Of course, it will be appreciated that more than two sub-groups and/or more than two
different time periods may be provided.

Note also that the Figure 3 illustrates the small cell base station schematically and omits
the overlapping coverage provided by the small cell base stations and by the sub-

groups of small cell base stations in order to improve clarity.

Guard Base Station

Figure 4 illustrates an example arrangement where small cell base station SBSC,; is
designated as a guard small cell base station as it provides coverage to the entrance
to the building. A guard base station may be provided on each entrance/exit.

When user equipment enters its coverage areq, small cell base station SBSCy provides
an indication to the femtocell controller/gateway 230. The femtocell
controller/gateway 230 then instructs a sub-group, more than one sub-group or the
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entire group of small cell base stations within that premises to exit their energy saving

mode.

The guard base stations are configured to remain in the non-sleeping state for the
period that they are acting as a guard base station and will ignore any internal
signalling that may occur as a result of user equipment not being present for a
predetermined period of time and any signalling from the femtocell controller/gateway
230 instructing a transition to the sleeping state in order to provide coverage at, for

example, the entrance/exit.

Each smali cell base station will typically be configured to switch to the sleeping state
when no user equipment has been supported for a period of time. When the switch to
the non-sleeping state occurs, a message may be sent to the femtocell
controller/gateway 230 to inform it of the fransition in operating state. Hence, should
user equipment deactivate when within the building, then the small cell base stations
within the building will gradually de-register the user equipment and enter the sleeping
state, thereby preventing the situation of small cell base stations remaining in the non-
sleeping state unnecessarily.

When the last user equipment exits the building, this is detected by small cell base
station SBSC (since the user equipment will hand over to the overlying macro base
station and not to another small cell base station within the group). At that time, the
guard base station will inform the femtocell controller/gateway 230, who will instruct all
non-sleeping state small cell base stations to enter the sleeping state.

In order to avoid user equipment which was undetected by the guard base station
from being provided with no coverage, additional guard base stations may be
designated within the building. Likewise, small cell base stations within the building may
be configured to automatically switch to the non-sleeping state periodically or be
instructed by the femtocell controller/gateway 230 to switch from the non-sleeping
state periodically in order to provide a hopping guard base station which patrols
throughout the building. For example, each small cell base station may switch on at a
random period which can be determined based on its unique identifier. The speed of
activation of the hopping guard base stations would typically need to be faster than
the typical mobility of the user equipment.
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Emergency Activation

The smalll cell base stations may have a feed from the building’s emergency alarm
system or a separate network node may be provided to link with the emergency alarm
system and provide a message to the femtocell controller/gateway 230 when an
emergency occurs. The femtocell controller/gateway 230 may then be configured to
instruct every sleeping small cell base station within the building to fransition to the non-
sleeping state in order to maximise communications coverage throughout the building.
Likewise, small cell base stations may be designated as emergency base stations and
the femtocell controller/gateway 230 may be configured to only activate that sub-
group of small cell base stations within the building.

Power Outage

The small cell base stations may have a feed from the building’s power alarm system or
a separate network node may be provided to link with the power alarm system and
provide a message 1o the femtocell controller/gateway 230 when an power outage
occurs. The femtocell controller/gateway 230 may then be configured to instruct every
non-sleeping small cell base station within the building to transition to the sleeping state
in order to minimise power consumption and reduce the load on any emergency
supply. Likewise, small cell base stations may be designated as power outage base
stations and the femtocell controller/gateway 230 may be configured to only
deactivate that sub-group of small cell base stations within the building.

As mentioned above, it will be appreciated that the femtocell controller/gateway 230
may utilise both the time period approach and the guard base station approach in
order to optimize energy saving. For example, the femtocell controller/gateway 230
may only activate a particular sub-group of small cell base stations if the guard base
station reports the presence of user equipment within a particular time period. For
example, the femtocell controller/gateway 230 may only instruct the switching of the
small cell base stations in group A to the non-sleeping state when the guard base
station reports that user equipment is present after 8.00am.

In all example configurations, the messages tfransmitted from the femtocell
controller/gateway 230 to groups or sub-groups of small cell base stations will fypically
be multi-cast messages designated for all small cell base stations within a sub-group, a

plurality of sub-groups or the entire group.
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Following a request to transition to the non-sleeping state, each small cell base station
may apply a random time offset prior to switching on in order to prevent ail small cell

base stations switching on at the same time and causing a power surge.

it will be appreciated that this approach co-ordinates the management of energy
saving across groups of small cell base stations that are co-located. This provides for an
efficient and effective solution to energy soving and helps to minimise power
consumption. Such a co-ordinated solution provides particular advantages in
deployments utilising significant numbers of small cell base stations and obviates issues
that may be encountered if co-located small cell base stations autonomously

determine when to employ such energy saving.

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

steps of the above-described methods.

The functions of the various elements shown in the Figures, including any functional
blocks labelled as “processors” or “logic”, may be provided through the use of
dedicated hardware as well as hardware capable of executing software in association
with appropriate software. When provided by a processor, the functions may be
provided by a single dedicated processor, by a single shared processor, or by a
pluratity of individual processors, some of which may be shared. Moreover, explicit use
of the term “processor” or “controller” or “logic” should not be construed to refer
exclusively to hardware capable of executing software, and may implicitly include,
without limitation, digital signal processor (DSP) hardware, network processor,
application specific integrated circuit (ASIC), field programmmable gate array (FPGA),
read only memory (ROM) for storing software, random access memory (RAM), and non
volatile storage. Other hardware, conventional and/or custom, may also be included.
Similarly, any switches shown in the Figures are conceptual only. Their function may be
carried out through the operation of program logic, through dedicated logic, through
the interaction of program control and dedicated logic, or even manually, the
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particular technique being selectable by the implementer as more specifically

understood from the context.

It should be appreciated by those skilled in the art that any block diagrams herein
represent conceptual views of illustrative circuitry embodying the principles of the
invention. Similarly, it will be appreciated that any flow charts, flow diagrams, state
transition diagrams, pseudo code, and the like represent various processes which may
be substantially represented in computer readable medium and so executed by a

computer or processor, whether or not such computer or processor is explicitly shown.

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

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

1. A method of controlling an operating state of smaill cell base stations, said
operating state comprising one of a non-sleeping state in which a small cell base
station is operable to support communications with user equipment and sleeping state
in which a small cell base station is inoperable to support communications with user
equipment, said method comprising the steps of:

determining whether a predetermined event has been experienced by at least
one small cell base station of a group of small cell base stations and, if so, instructing at
least a sub-group comprising a plurality of small cell base stations of said group of small
cell base stations to transition between said non-sleeping state and said sleeping state.

2. The method of claim 1, wherein said predetermined event comprises detection
of user equipment and said step of instructing comprises instructing a transition to said
non-sleeping state.

3. The method of claim 1 or 2, wherein said predetermined event comprises failure
to detect any user equipment by small cell base stations of at least one sub-group and
said step of instructing comprises instructing a transition of said at least one sub-group
to said sleeping state.

4. The method of any preceding claim, wherein said step of instructing comprises
transmitting a multicast message 1o instruct said transition between said sleeping and
said non-sleeping state.

5. The method of any preceding claim, comprising the step of configuring at least
one small cell base station of said group to ignore instructions to transition to said

sleeping state and instead to remain in said non-sleeping state.

6. The method of any preceding claim, comprising the step of configuring said

small cell base stations to transition to said non-sleeping state periodically.

7. The method of any preceding claim, wherein said predetermined event
comprises detection that a network time associated with said at least one small cell
base station of said group now falls within one of a plurality of time periods, each time
period being associated with an operating state allocated to that fime period and said
step of instructing comprises instructing a transition to one of said sleeping state and
said non-sleeping state associated with said one of said plurality of time periods.
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8. The method of any preceding claim, wherein said predetermined event
comprises detection that a network time associated with said at least one small cell
base station of said group now falls within one of a set of a plurality of time periods,
each set of a plurality of time periods being associated with a different sub-group,
each time period being associated with an operating state allocated during that time
period for that fime period, and said step of instructing comprises instructing a transition
of said sub-group to one of said sleeping state and said non-sleeping state associated
with said one of said set of said plurality of time periods.

9. The method of any preceding claim, wherein each small cell base station with

each sub-group shares a common characteristic.

10. A network node operable to control an operating state of small cell base
stations, said operating state comprising one of a non-sleeping state in which a small
cell base station is operable to support communications with user equipment and
sleeping state in which a small cell base station is inoperable to support
communications with user equipment, said network node comprising:

determining logic operable to determine whether a predetermined event has
been experienced by at least one small cell base station of a group of small cell base
stations and;

instruction logic operable, if said determining logic determines that said
predetermined event has been experienced by at least one small cell base station of a
group of small cell base stations, to instruct at least a sub-group comprising a plurality of
small cell base stations of said group of small cell base stations to fransition between

said non-sleeping state and said sleeping state.

11. The network node of claim 10, wherein said predetermined event comprises
detection of user equipment and said instruction logic operable to instruct a transition

to said non-sleeping state.

12. The network node of claim 10 or 11, wherein said predetermined event
comprises detection that a network time associated with said at least one small cell
base station of said group now falls within one of a plurality of time periods, each time
period being associated with an operating state allocated to that time period and said
instruction logic is operable to instruct a transition to one of said sleeping state and said
non-sleeping state associated with said one of said plurality of time periods.
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13. The network node of any one of claims 10 to 12, wherein said predetermined
event comprises detection that a network time associated with said at least one small
cell base station of said group now falls within one of a set of a plurality of time periods,
each set of a plurality of time periods being associated with a different sub-group.,
each time period being associated with an operating state allocated during that time
period for that time period, and said instruction logic is operable to instruct a fransition
of said sub-group to one of said sleeping state and said non-sleeping state associated

with said one of said set of said plurality of tfime periods.

14. The network node of any one of claims 10 fo 13, wherein said network node

comprises one of a gateway and a small cell base station.

15. A computer program product operable, when executed on a computer, to

perform the method steps of any one of claims 1 t0 9.
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