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DESCRIPTION

TITLE OF INVENTION
COMMUNICATION SYSTEM

TECHNICAL FIELD

The present invention relates to a communication system and to components thereof for
providing communication services to mobile or fixed communication devices. The invention has
particular but not exclusive relevance to providing location services in cells operated by mobile
relays in Long Term Evolution (LTE) Advanced systems as currently defined in associated 31

Generation Partnership Project (3GPP) standards documentation.

BACKGROUND ART

Relaying is considered for LTE Advanced as a tool to improve, for example, the
coverage of high data rates for User Equipfnent (UE), temporary network deployment, cell edge
throughput and/or to provide coverage in new cell areas. LTE Advanced supports relaying by
having a Relay Node (RN) wirelessly connected to a base station (eNB) (referred to as a Donor
eNB (DeNB)). In addition to serving its own ‘donor’ cell, the Donor eNB serves the RN, via a
modified version of the Evolved Universal Terrestrial Radio Access (E-UTRA) radio interface.
The modified interface is referred to as the ‘Un’ interface.

Each RN is provided with many aspects of a base station’s functionality and is therefore
capable of acting as a base station serving its own ‘relay’ cell. From the perspective of the user
equipment (such as mobile telephones) in the relay cell, therefore, the RN essentially appears to
be a conventional LTE base station. In addition to the base station functionality, however, the
RN also supports a subset of the UE functionality including, for example, many aspects of the
physical layer, Medium Access Control (MAC), radio resource control (RRC), and non access
stratum (NAS) functionality, to allow it to connect wirelessly to a Donor eNB. From the
perspective of th¢ Donor eNB, therefore, the RN essentially appears to be an item of user
equipment such as a mobile (cellular) telephone.

In commﬁnication systems, Location Services (LCS) may be provided to allow
determination of location related information (such as a geographic position and/or velocity) for
mobile telephones (or other user equipment) based, for example, on radio signal measurements.
Specifically, an LCS Client entity requests the location related information for one or more target

mobile telephones from an LCS Server. The LCS Client (which may be a software api)lication)



10

15

20

25

30

WO 2014/007308 2 PCT/JP2013/068311

is provided within the communication system (e.g. within a mobile telephone), or externally to
the communication system. The LCS Server entity employs an appropriate positioning method
in order to obtain location information of the target mobile telephone(s) as requested by the LCS
Client.

In LTE, both control plane and user plane positioning procedures are supported. User
plane positioning is supported using a ‘Secure User Plane Location’ (SUPL) protocol between
the mobile telephone for which the location related information has been requested and a so
called ‘SUPL Location Platform’ (SLP) which is responsible for positioning co-ordination and
calculations over the user plane. The SLP connects to the mobile telephone via a user plane data
connection. Control plane positioning is supported using a so called ‘Enhanced Serving Mobile
Location Centre’ (E-SMLC) which is a positioning server node that manages overall co-
ordination and calculations required for obtaining location related information for a target mobile
telephone (e.g. position and/or velocity of the mobile telephone). The E-SMLC exchanges data
with the mobile telephone to be positioned, and the base station serving this mobile telephone,
using control plane signalling..

There are three positioning methods supported for E-UTRAN. The first is called
‘Enhanced Cell ID’ (E-CID) based positioning method, which estimates the position of a target
mobile teléphone using knowledge about the geographical coordinates of the base station serving
the mobile telephone (and/or the coordinates of the cell in which the mobile telephone is camped -
where these are different). The second method is called a Downlink Positioning using Observed
Time Difference Of Arrival (OTDOA) method, which estimates the position of a target mobile
telephone using measurements made by the mobile telephone of the UTRAN frame timing and
knowledge about the geographical coordinates of the base station and/or cell serving this mobile
telephone. The third positioning method is called an Assisted Global Navigation Satellite
System (A-GNSS) based positioning method, which may be used by user equipment equipped
with GNSS capability. Examples of GNSS include Global Positioning System (GPS) and
Galileo. Providing network assistance on top of the GNSS, e.g. Assisted GPS (A-GPS), can
reduce position calculation time from minutes to seconds.

LTE also supports hybrid positioning techniques using combinations of the above
positioning methods.

LTE uses the LPP (‘LTE Positioning Protocol’) location protocol between a positioning
server (E-SMLC/SLP) and a target mobile telephone. This is either carried in NAS signalling or
as user data. In any case, LPP is transparent to the base station serving the target mobile

telephone.
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LTE also uses the LPPa (LTE Positioning Protocol Annex) between the E-SMLC and the -

base stations. LPPa messages are carried as Protocol Data Units (PDUs) within S1 signalling
messages.

In order to obtain the location of a mobile telephone, the positioning function of the LCS
Server requires knowledge of the geographical coordinates of the cell (i.e. the base station or
relay node) serving this mobile telephone.

However, in some situations, the RN will be installed in a moving vehicle, such as on a
train, bus, ship, aeroplane, or the like. Such a mobile relay node (MRN) and its cell will hence
change its geographical location as the vehicle is moving and it will also change its attachment
from one Donor eNB to another. In this case, even though this change of attachment occurs
between a RN and the DeNBs, the mobile telephones remain served by the same, albeit ‘mobile’
cell of the same RN. In this case, however, the LCS Server is unable to provide full location
services for the mobile telephones served by the MRN.

In particular, the LCS Server cannot use cell-specific geographic positioning methods for
mobile telephones served by mobile relay nodes. Furthermore, this deficiency cannot always be
alleviated by satellite based positioning (e.g. the A-GNSS positioning method) because such
techniques cannot be relied upon for situations in which mobile telephones are served by a fast
moving mobile relay node and in which the clear and uninterrupted reception from positioning

satellites required for such techniques cannot be guaranteed.

SUMMARY OF THE INVENTION

The present invention aims to provide an improved communication system and improved
components of the communication system which overcome or at least alleviate one or more of
the above issues.

According to one aspect there is provided a communication node for providing
information relating to a location of a user device in a communication system, the
communication node comprising: means for associating with a relay node for providing said user
device with access to the communication systém via a cell operated by the relay node; means for
obtaining an indication of whether or not said cell is configured as a mobile cell; and means for
providing, when said cell is configured as a mobile cell, information indicating that said cell is
configured as a mobile cell to a further communication node.

In another aspect there is provided a relay node for providing information relating to a
location of a user device in a communication system wherein said relay node is operable as a

mobile relay node and wherein the relay node comprises: means for associating with a base
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station; means for operating at least one cell for providing the user equipment access to the
communication system; means for providing information indicating that said at least one cell is
configured as a mobile cell when said relay node is operating as a mobile relay node.

The means for providing may provide information identifying said relay node and/or
information identifying said cell. The information identifying said relay node may compriseﬂan
identifier for identifying the relay node as a target communication device (e.g. an ‘MRN UE ID”)
and the informatibn identifying said cell may comprise a cell identifier, for example an E-
UTRAN Cell Global Identifier ‘ECGI’.

The information indicating that said cell is configured as a mobile cell may be provided
responsive to the communication node receiving a request for locating said user device. The
means for providing may also provide information identifying the user device (e.g. ‘UE ID”).

The information indicating that said cell is configured as a mobile cell may be provided
in response to the communication node associating with the relay node. Updated information
indicating that said cell no longer associated with said communication node may be provided in
response to the communication node de-associating with the relay node.

The communication node and/or the relay node may comprise means for obtaining
location related data for the relay node and/or the user device. When the relay node is a mobile
relay node, the means for obtaining location related data may provide, to said further
communication node, information related to a current location of the relay node for use by said
further communication node in a determination of a current position of said relay node and/or the
cell the relay node operates, whereby to determine a position of said user device based on said
current position of the relay node and/or the cell.

The information indicating that said cell is configured as a mobile cell may be provided
using at least one message, comprising at least one of an LTE (Long Term Evolution)
Positioning Protocol ‘LPP’ message, an LTE Positioning Protocol Annex ‘LPPa’ message, and a
Radio Resource Control ‘RRC’ protocol message.

The at least one message may comprise at least one of an ‘E-CID Measurement Initiation
Response’, an ‘OTDOA Information Response’, a ‘Provide Capabilities’ message, a ‘Mobile
Cell Information’ message, a ‘Mobile Cell Information Response’, an ‘E-CID Measurement
Initiation Failure’, an ‘OTDOA Information Failure’, and a ‘Mobile Cell Position’ message. The
information indicating that said cell is configured as a mobile cell may comprise a ‘Mobile Cell
Indication’ information element.

The communication node may compare said information identifying said cell with

information identifying a list of mobile cells whereby to determine whether or not said cell is
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configured as a mobile cell.

The communication node may obtain said indication of whether or not said cell is
configured as a mobile cell either directly or indirectly from said relay node.

The communication node and/or the relay node may comprise a location service client for
requesting location related information for a target communication device":

The information indicating that said cell is configured as a mobile cell may be provided
in response to a change in the configuration of said cell to become configured as a mobile cell.

The communication node may be configured as a base station. The information
indicating that said cell is configured as a mobile cell may be provided via another network
entity (for example a mobility management entity ‘MME”). The communication node may be
configured as a mobility management entity ‘MME’, in which case the indication of whether or
not said cell is configured as a mobile cell may be obtained from a base station.

The further communication node may comprise a location services server (e.g. an
Enhanced Serving Mobile Location Centre ‘E-SMLC’ and/or a Secure User Plane Location
(SUPL) Location Platform ‘SLP’).

In yet another aspect there is provided a communication node for providing information
relating to a location of a target user device, wherein said target user device is served by a relay
node, the communication node comprising: means for receiving a request for positioning said
target user device from a client in a further communication node; means for identifying a cell in
which said target user device is located; means for initiating a positioning procedure for
obtaining information relating to a location said target user device responsive to receiving said
request; means for determining, as part of said positioning procedure, whether or not said
identified cell is configured as a mobile cell; and means for responding, as part of said
positioning procedure, to said request for positioning the target user device, in dependence on
whether or not said identified cell is configured as a mobile cell.

The communication node may comprise means for obtaining a geographical location of
the user device and/or the mobile cell. The communication node may also comprise means for
obtaining information identifying said cell. The information identifying said cell may comprise
a cell identifier, for example an E-UTRAN Cell Global Identifier ‘ECGI’.

The determining means may determine whether or not said identified cell is configured as
a mobile cell based on information obtained when the relay node associates with a base station
and/or mobility management entity (‘MME’) of the communication system.

The determining means may determine whether or not said identified cell is configured as

a mobile cell based on information received in response to a request sent by the communication
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node to the relay node or to a base station and/or mobility management entity (‘MME?).
associated with the relay node.

The responding means may respond to the request for positioning the target user device
by sending, to the client, a failure indication when the identified cell is determined to be
configured as a mobile cell. The responding means ma{y respond to the request for positioning
said target user device by determining a current location of the relay node and/or cell when the
identified cell is determined to be configured as a mobile cell. The responding means may
respond to the request for positioning the target user device by sending, to the client, the current
location of the relay node and/or cell when the identified cell is determined to be configured as a
mobile cell.

The responding means may respond to the request for positioning the target user device
by determining a location of the target user device based on the current location of the relay node
and/or cell and a position of the target user device relative to the current location of the relay
node and/or cell, when the identified cell is determined to be configured as a mobile cell.

The position of said target user device may be determined relative to the current location
of the relay node based on information received from the relay node and/or a base station with
which the relay node is associated. The responding means may respond to the request for
positioning the target user device by determining a location of the target user device based on a
satellite positioning scheme when the identified cell is determined to be configured as a mobile
cell.

The responding means may also respond to the request for positioning the target user
device by sending, to the client, the determined location of the target user device. The
communication node may comprise a client for generating a request for positioning said relay
node, whereby to obtain a location of the relay node.

The communication node may comprise means for obtaining an identifier for the relay
node (e.g. an ‘MRN UE ID’) for use in identifying the relay node to be a target communication
device in the request for positioning the relay node.

The determining means may compare the information identifying the cell with
information identifying a list of mobile cells whereby to determine whether or not the cell is
configured as a mobile cell.

The determining means may obtain the information indicating that the cell is configured
as a mobile cell from at least one received message. The at least one received message may
comprise at least one of an LTE (Long Term Evolution) Positioning Protocol ‘LPP’ message, an

LTE Positioning Protocol Annex ‘LPPa’ message, and a Radio Resource Control ‘RRC’ protocol
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message. The at least one received message may comprise at least one of an ‘E-CID
Measurement Initiation Response’, an ‘OTDOA Information Response’, a ‘Provide Capabilit.ies"
message, a ‘Mobile Cell Information’ message, a ‘Mobile Cell Information Response’, an ‘E-
CID Measurement Initiation Failure’, an ‘OTDOA Information Failure’, and a ‘Mobile Cell
Position” message. 'v

The communication node may receive a ‘Mobile Cell Indication’ information element
from a further communication node.

In a further aspect there is provided a user device for requesting information relating to a
location of a target communication device in a communication system, the communication
device comprising: means for generating a request for positioning the target user device; and
means for communicating with a communication node in pursuance of said generated request,
said communicating means being operable to: send the generated request to the communication
node; and receive, from said communication node, a response to said request wherein said
response takes account of whether or not a cell in which said communication device is located is
configured as a mobile cell.

In one aspect, there is also provided a method performed by a communication node for
providing information relating to a location of a user device in a communication system, the
method comprising: associating with a relay node for providing said user device with access to
the communication system via a cell operated by the relay node; obtaining an indication of
whether or not said cell is configured as a mobile cell; and when said cell is configured as a
mobile cell, providing information, to another communication node, indicating that said cell is
configured as a mobile cell.

In another aspect, there is provided a method performed by a relay node for providing
information relating to a location of a user device in a communication system wherein said relay
node is operable as a mobile relay node, the method comprising: associating with a base station;
and providing information indicating that at least one cell operated by the relay node is
configured as a mobile cell when said relay node is operating as a mobile relay node.

In yet another aspect, there is provided a method performed by a communication node for
providing information relating to a location of a target user device, wherein said target user
device is served by a relay node of a communication system, the method comprising: receiving,
from a client in a further communication node, a request for positioning the target user device;
identifying a cell in which said target user device is located; initiating a positioning procedure for
obtaining information relating to a location said target user device responsive to receiving said

step of request said request; determining, as part of said positioning procedure, whether or not
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said identified cell is configured as a mobile cell; and responding, as part of said positioning

procedure, to said request for positioning the target user device, in dependence on whether or not

said identified cell is configured as a mobile cell.

In a further aspect, there is provided a method performed by a user device for requesting
information relatikalg to a location of a target user device, the method comprising: generating a
request for positioning the target user device; sending the generated request to a communication
node; and receiving, from said communication node, a response to said request wherein said
response takes acéount of whether or not a cell in which said communication device is located is
configured as a mobile cell.

Aspects of the invention extend to computer program products such as computer readable
storage media having instructions stored thereon which are operable to program a programmable
processor to carry out a method as described in the aspects and possibilities set out above or
recited in the claims and/or to program a suitably adapted computer to provide the apparatus
recited in any of the claims.

Each feature disclosed in this specification (which term includes the claims) and/or
shown in the drawings may be incorporated in the invention independently (or in combination
with) any other disclosed and/or illustrated features. In particular but without limitation the
features of any of the claims dependent from a particular independent c‘laim may be introduced

into that independent claim in any combination or individually.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by way of example only, with
reference to the attached figures in which:

Figure 1 schematically illustrates a mobile telecommunication system having a relay
node mounted in a train; ‘

Figure 2 is a block diagram illustrating the main components of the mobile relay node
forming part of the system shown in Figure 1;

Figure 3 is a block diagram illustrating the main components of a donor base station
forming part of the system shown in Figure 1;

Figure 4 is a block diagram illustrating the main components of a location services server
forming part of the system shown in Figure 1;

Figﬁre 5 schematically illustrates a reference model based on which location services can
be provided in the system shown in Figure 1;

Figure 6 schematically illustrates a positioning architecture in a communication system
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operating according to the LTE standards;

Figure 7a schematically illustrates an example protocol stack for use in the system shown
in Figure 1, when a relay node is not involved,;

Figure 7b schematically illustrates another example protocol stack for use in the system

shown in Figure 1, when a relay node is not involved;

Figure 7c schematically illustrates an example protocol stack for implementing
embodiments of the invention, when a relay node is involved;

Figure 7d schematically illustrates another example protocol stack for implementing
embodiments of the invention, when a relay node is involved;

Figure 8 shows an example timing diagram illustrating a method performed by
components of the communication system when a request for positioning information is
received;

Figure 9a illustrates an example signalling diagram for updating the LCS Server when a
change in connection status occurs between the relay node and the base station shown on Figure
I; | |

Figure 9b illustrates another example signalling diagram for updating the LCS Server
when a change in connection status occurs between the relay node and the base station shown on |
Figure 1;

Figure 10 shows another example timing diagram illustrating a method performed by
components of the communication system when a request for positioning information is
received;

Figure 11 shows an example timing diagram illustrating a method performed by
components of the communication system when positioning a relay node;

Figure 12 shows an example timing diagram for informing the LCS Server that
positioning measurements are not available in a mobile cell;

Figure 13a shows an example timing diagram for informing the LCS Server about the list
of mobile cells;

Figure 13b shows another example timing diagram for informing the LCS Server about
the list of mobile cells; |

Figure 14 shows another example timing diagram for autonomous initiation of a
positioning request by a particular entity;

Figure 15 shows another example timing diagram for MRN termination of positioning
requests;

Figure 16 shows a summary of an LCS logical reference model;
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Figure 17 shows an overview of an LTE UE positioning architecture;

Figure 18 shows an LPP protocol stack;

Figure 19 shows an LPPa protocol stack;

Figure 20 shows an LCS basic message sequence;

Figure 21 shows a potential message sequence for eNB procedures;

Figure 22 shows a possible new mobile cell information exchange procedure;
Figure 23 shows a possible new mobile cell information exchange procedure;
Figure 24 shows a possible MRN positioning message sequence;

Figure 25 shows a possible MRN positioning message sequence;

Figure 26 shows a possible MRN positioning message sequence;

Figure 27 shows a possible MRN positioning message sequence;

Figure 28 shows a potential message sequence for eNB procedures;

Figure 29 shows a possible new mobile cell information exchange procedure; and

Figure 30 shows a possible new mobile cell information exchange procedure.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
Overview

Figure 1 schematically illustrates a mobile (cellular) telecommunication system 1 that
includes a train 2 having a mobile relay node 3 that provides base station functionality for a
plurality of items of user equipment 4 (UEs - e.g. mobile telephones carried by passengers) in the
train 2. The relay node 3 attaches to donor base stations 5-1 to 5-2 as the train 2 travels along a
track 6. The telecommunications system 1 also includes a core network 7 that comprises: a
Mobility Management Entity (MME) 9 that manages the mobility of mobile telephones 4 within
the core network 7; an Operations and Maintenance unit (OAM) (not shown) which configures
the various devices in the network; and a Location Services Server (LCS) 11 which acquires
geogfaphical location of mobile telephone 4 upon a request from an LCS Client 13. In LTE, the
LCS Server 11 may comprise, for example, a Secure User Plane Location (SUPL) Platform /
Enhanced Serving Mobile Location Centre (SLP/E-SMLC) node, which is connected to the
MME 9 via a so called ‘SLs’ interface. In this system, the donor base stations 5 are coupled to
each other via an ‘X2’ interface and to the MME 9 via an ‘S1’ interface.

As the train 2 travels along the track 6, the geographical location of the relay node 3
changes — potentially rapidly. In this embodiment, however, the LCS Server 11 is beneficially
made aware of which cells are mobile (e.g. in this case: Cell 3) and obtains the current location

of a relay node 3 operating these cells so that services requiring a geographic location of mobile
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telephones 4 within these cells can still be provided. o N

Therefore, in this embodiment, when the LCS Server 11 receives, from the LCS Client 13
a positioning request for location related information for a target mobile telephone 4, the LCS
Server 11 generates and sends a request for location information from which the requested
location related information can be derived towards the base station serving this mobile
telephone 4. Depending on the type of positioning required, the request generated and sent by
the LCS Server 11 is either an ‘E-CID Measurement Initiation Request’ or an ‘OTDOA
Information Request’ formulated according to the LTE Positioning Protocol Annex (LPPa)
protocol.

However, since the base station first receiving this request is operating as a ddnor base
station 5 (e.g. DeNB 5-1 and 5-2), and the target mobile telephone 4 is served by an MRN 3, the
DeNB 5 forwards this message to the MRN 3 transparently. The MRN 3 returns an indication,
to the LCS Server 11, that the target mobile telephone 4 is served by a mobile cell. The
indication is provided is sent to the LCS Server 11 in a dedicated Information Element (IE)
within a response to the LCS Server’s request for location information. In this embodiment, the
Information Element is included in a response message in the form of an ‘E-CID Measurement
Initiation Response’ message in response to a request for location information comprising an E-
CID Measurement Initiation Request or in the form of an ‘OTDOA Information Response’
message in response to a request for location information comprising an ‘OTDOA Information
Request’.

In this embodiment, a unique identification of the MRN 3 (e.g. an ‘MRN UE ID’) anda
unique identification of the cell(s) under the control of the MRN 3 are also provided in the
response. The unique identification of the cell may be, for example, an E-UTRAN Cell Global
Identifier (ECGI), or a list of ECGIs for cells controlled by the MRN 3 if there is more than one
cell. The response message also contains an identification of the target mobile telephone 4
associated with this MRN 3.

The LCS Server 11 receives the response message and obtains a geographical location for
the MRN 3, for example by performing an LCS procedure to locate the MRN 3, as if it were a
normal item of user equipment operating in the cell of the DeNB S serving the MRN 3. Once the
geographical location for the MRN 3 has been obtained, the LCS Server 11 can also determine a
geographical location for a target mobile telephone 4 served by the MRN 3.

The LCS Server 11 can therefore return the obtained geographical position information
of the target mobile telephone 4 to the LCS Client 13 that originally requested the information.

Therefore, the LCS Server 11 is advantageously able to obtain a current geographical
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location of the MRN that is serving the target mobile telephone 4 and thus is able to gi‘e;rt;‘rvmil}ze;
the geographical location of the mobile telephone 4. This way, more reliable positioning

services are provided and the LCS Server 11 avoids obtaining an erroneous or significantly
outdated geographical position for the target mobile telephone 3. Moreover, the procedure is
transparent for the target mobile telephone 4 and the LCS Client 13 thereby ensuring
compatibility with legacy mobile telephones and LCS Clients.

Further details of the LTE positioning architecture will be described below with reference
to Figures 5 to 7. Example signalling diagrams illustrating various embodiments will be
described with reference to Figures 8§ to 10.

Mobile Relay Node

Figure 2 is a block diagram illustrating the main componeﬁts of the relay node 3 shown
in Figure 1. The relay node 3 is a communications node like the base station, providing services
within its own coverage area, but the relay node 3 does not connect directly to the core network 7.
Instead, it connects wirelessly to a donor base station 5, which is then operable to provide a
connection to the core network 7.

As shown, the relay node 3 includes a transceiver circuit 31 which is operable to transmit
signals to, and to receive signals from, the (donor) base station 5 via base station antenna 33 and

the user equipment 4 via the UE antenna 35. The operation of the transceiver circuit 31 is

controlled by a controller 37 in accordance with software stored in memory 39. The software

includes, among other things, an operating system 41, a communications control module 43, a
dohor base station registration module 44, a user equipment registration module 45; a location
services module 47; and an operation and maintenance module 49.

The communications control module 43 is operable to control communication with the
user equipment 4 and the (donor) base statien 5 including, for example, allocation of resources to
be used by the transceiver circuit 31 in its communications with each of the user equipment 4
and with the base station 5.

The donor base station registration module 44 is operable to perform registration of the
relay node 3 with a donor base station 5, for example, during start up or handover of the relay
node 3. The user equipment registration module 45 is operable to keep track of user equipment 4
served by the cell(s) of the relay node.

The location services module 47 is operable to provide information to the LCS Server 11
(via donor base station 5) necessary to obtain geographical location of user equipment. The
location services module 47 is operable, for example, to indicate to the LCS Server 11 (via the

donor base station 5) that it is operating mobile cells and to provide a list of cell identifiers
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identifying these mobile cells.

The operation and maintenance module 49 is operable to interface with an OAM entity in
the core network 7 for setting up and storing operating parameters of the relay node 3. The
operating parameters stored by the operation and maintenance module 49 include, for example, a
list of relay node cells and their unique identifiers (e.g. ECGIs) and conﬁguratién data for the
relay node cells including mobile cells and supported positioning methods.

Base station

Figure 3 is a block diagram illustrating the main components of a base station, such as the
donor base station 5-1 shown in Figure 1. The base station 5 is a fixed communications node
providing services to user equipment 4 within ifs coverage area. In the embodiments according
to the present invention, the base station 5 is communicating with the user equipment 4 via a
(mobile) relay node 3. As shown, the base station 5 includes a transceiver circuit 51 which is
operable to transmit signals to, and to receive signals from the relay node 3 via at least one
antenna 53. The base station 5 is also operable to transmit signals to and to receive signals from
the LCS Server 11 of the core network 7 and other base stations via a network interface 55. The
operation of the transceiver circuit 51 is controlled by a controller 57 in accordance with
software stored in memory 59. The software includes, among other things, an operating system
61, a communications control module 63, a relay node management module 65, a location
services module 67, and an operation and maintenance module 69.

The communications control module 63 is operable to control communications between
the base station and the relay nodes 3, user equipment 4, and the network devices such as the
MME 9 and the LCS Server 11.

The relay node management module 65 is operable to control the connection between the
base station 5 and the relay node 3 attached thereto.

The location services module 67 is operable to provide information to the LCS Server 11
necessary to obtain geographical location of user equipment. The location services module 67 is
operable, for example, to indicate to the LCS Server 11 that the relay node 3 attached to this base
station is operating mobile cells and to provide a list of cell identifiers identifying these mobile
cells.

The operations and maintenance module 69 is operable to interface with an OAM entity
in the core network 7 for setting up and storing operating parameters of the base station 5. The
operating parameters stored by the operation and maintenance module 69 include, for example, a
list of relay node cells and their unique identifiers (e.g. ECGls) and configuration data for the

relay node cells including mobile cells and supported positioning methods.
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LCS Server ‘ )

Figure 4 is a block diagram illustrating the main components of the location services
server entity 11 shown in Figure 1. The as mentioned above, the LCS Server 11 is a
communications node that provides location services with respect to target user equipment 4 by

obtaining information about their current geographical location within the mobile (cellular)

~ telecommunication system 1 and providing such information to an LCS Client 13 entity upon

request. As shown, the LCS Server 11 includes a transceiver circuit 71 which is operable to
transmit signals to, and to receive signals from an LCS Client 13 via the LCS client interface 73,
and to transmit signals to, and to receive signals from the base stations 5 via a base station
interface 75. The operation of the transceiver circuit 71 is controlled by a controller 77 in
accordance with software stored in memory 79. The software includes, among other things, an
operating system 81, a communications control module 83, a location services module 84, a
mobile cell registration module 85, a user equipment positioning module 87, and an operation
and maintenance module 9.

The communications control module 83 is operable to contro