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Description

Title

A method and Apparatus

The invention relates a method and apparatus and in particu

lar but not exclusively to a method and apparatus for use

where handover is required.

A communication system can be seen as a facility that enables

communication sessions between two or more entities such as

fixed or mobile communication devices, base stations, servers

and/or other communication nodes. A communication system and

compatible communicating entities typically operate in ac

cordance with a given standard or specification which sets

out what the various entities associated with the system are

permitted to do and how that should be achieved. For example,

the standards, specifications and related protocols can de-

fine the manner how communication devices can access the com

munication system and how various aspects of communication

shall be implemented between communicating devices. A commu

nication can be carried on wired or wireless carriers. In a

wireless communication system at least a part of the communi-

cation between at least two stations occurs over a wireless

link .

Examples of wireless systems include public land mobile net

works (PLMN) such as cellular networks, satellite based com-

munication systems and different wireless local networks, for

example wireless local area networks (WLAN) . A wireless sys

tem can be divided into cells, and hence these are often re

ferred to as cellular systems. A cell is provided by a base

station. Cells can have different shapes and sizes. A cell



can also be divided into sectors. Regardless of the shape and

size of the cell providing access for a user equipment, and

whether the access is provided via a sector of a cell or a

cell, such area can be called radio service area or access

area. Neighbouring radio service areas typically overlap, and

thus a communication in an area can listen to more than one

base station.

A user can access the communication system by means of an ap-

propriate communication device. A communication device of a

user is often referred to as user equipment (UE) or terminal.

A communication device is provided with an appropriate signal

receiving and transmitting arrangement for enabling communi

cations with other parties. Typically a communication device

is used for enabling receiving and transmission of communica

tions such as speech and data. In wireless systems a commu

nication device provides a transceiver station that can com

municate with another communication device such as e.g. a

base station of an access network and/or another user equip-

ment . The communication device may access a carrier provided

by a station, for example a base station, and transmit and/or

receive communications on the carrier.

An example of communication systems attempting to satisfy the

increased demands for capacity is an architecture that is be

ing standardized by the 3rd Generation Partnership Project

(3GPP) . This system is often referred to as the long-term

evolution (LTE) of the Universal Mobile Telecommunications

System (UMTS) radio-access technology. The LTE aims to

achieve various improvements, for example reduced latency,

higher user data rates, improved system capacity and cover

age, reduced cost for the operator and so on. A further de

velopment of the LTE is often referred to as LTE-Advanced .



The various development stages of the 3GPP LTE specifications

are referred to as releases.

In LTE-Advanced the network nodes can be wide area network

nodes such as a macro eNode B (eNB) which may, for example,

provide coverage for an entire cell. A user equipment which

is associated with a source cell may be handed over to a tar

get cell.

According to an aspect, there is provided a method comprising

determining a user equipment which is interfering with a tar

get base station from a reference signal transmitted by said

user equipment; and causing a message to be sent to a

source base station comprising information identifying said

user equipment.

In one embodiment, the method may comprise receiving informa

tion from said source base station indicating which reference

signal is used by which user equipment.

In another embodiment, a reference signal may comprise a

sounding reference signal.

In another embodiment, said determining may comprise measur-

ing interference caused by said user equipment.

In another embodiment, the method may comprise determining

that said user equipment is to be handed over to the target

base station.

In another embodiment, the message may comprise information

indicating that said user equipment is to be handed over to

said target base station.



In a further embodiment, the method may comprise causing a

handover command to be sent to said user equipment.

In another embodiment, said handover command may have a same

format as a handover command sent by said source base station

to said user equipment.

In another embodiment, the method may comprise causing said

target base station to keep a first physical resource provid-

ing a relatively low interference level whereby a handover

command is sent to said user equipment from said source base

station on a second physical resource of the source base sta

tion while said first physical resource is providing a rela

tively low interference.

In another embodiment, the method may comprise receiving in

formation indicating the first physical resource providing a

relatively low interference in the target base station.

In another embodiment, the method may comprise receiving in

formation indicating a time at which said first physical re

source is to provide said relatively low interference level.

In another embodiment, the method may cause said target base

station to keep a first physical resource providing a rela

tively low interference level comprises keeping said first

physical resource free.

In another embodiment, the first and second physical re-

sources may be physical resource blocks.

In another embodiment, said first and second physical re

source blocks may be at substantially a same frequency.



In another embodiment, the method may comprise performing the

method in a target base station.

In another embodiment, a method may comprise providing refer-

ence signal information to a target base station for a user

equipment; receiving information indicating that said user

equipment is causing interference to said target base sta

tion; and causing a handover command to be sent to said user

equipment .

In another embodiment, said reference signal information may

comprise sounding reference signal information.

In another embodiment, said handover command may have a same

format as a handover command sent by said target base station

to said user equipment.

In another embodiment, the method may comprise causing said

target base station to reduce interference provided by or

keep free a first physical resource; and causing said handov

er command to be sent to said user equipment on a second

physical resource of a source base station while said first

physical resource is free or is providing reduced interfe

rence .

In another embodiment, the method may cause said target base

station to keep free or reducing interference provided by

said first physical resource comprises causing a message to

be sent to said target base station

In another embodiment, said message may comprise at least one

of information from which said first physical resource is

identifiable and timing information.



In another embodiment, the first and second physical re

sources may be physical resource blocks.

In another embodiment, the first and second physical resource

blocks may be at substantially a same frequency.

In another embodiment, the method may comprise causing said

handover command to be sent in response to receipt of an ac

knowledgement of said message being received from said target

base station.

In another embodiment, said causing of said handover command

to be sent may comprise causing a retransmission of handover

command .

In another embodiment, the method may comprise performing the

method in a source base station.

In another embodiment, a computer program may comprise ex-

ecutable instructions which when performed by one or more

processors cause the method to be performed.

In further embodiment, an apparatus may comprise means for

determining a user equipment which is interfering with a tar-

get base station from a reference signal transmitted by said

user equipment; and means for causing a message to be sent to

a source base station comprising information identifying said

user equipment.

In another embodiment, an apparatus may comprise means for

receiving information from said source base station indicat

ing which reference signal is used by which user equipment.



In another embodiment, said reference signal may comprise a

sounding reference signal.

In another embodiment, said determining means may be confi-

gured to measure interference caused by said user equipment.

In another embodiment, the apparatus may comprise means for

determining that said user equipment is to be handed over to

the target base station.

In another embodiment, said message may comprise information

indicating that said user equipment is to be handed over to

said target base station.

In another embodiment, the apparatus may comprise means for

causing a handover command to be sent to said user equipment.

In another embodiment, said handover command may have a same

format as a handover command sent by said source base station

to said user equipment.

In another embodiment, the apparatus may comprise means for

causing said target base station to keep a first physical re

source providing a relatively low interference level whereby

a handover command is sent to said user equipment from said

source base station on a second physical resource of the

source base station while said first physical resource is

providing a relatively low interference.

In another embodiment, the apparatus may comprise means for

receiving information indicating the first physical resource

providing a relatively low interference in the target base

station .



In another embodiment, the apparatus may comprise means for

receiving information indicating a time at which said first

physical resource is to provide said relatively low interfe

rence level.

In another embodiment, said causing means may be configured

to cause said target base station to keep said first physical

resource free.

In another embodiment, said first and second physical re

sources may be physical resource blocks.

In another embodiment, said first and second physical re

source blocks may be at substantially a same frequency.

In a further embodiment, a target base station may comprise

the apparatus .

In another embodiment, an apparatus may comprise means for

providing reference signal information to a target base sta

tion for a user equipment; means for receiving information

indicating that said user equipment is causing interference

to said target base station; and means for causing a handover

command to be sent to said user equipment.

In another embodiment, said reference signal information may

comprise sounding reference signal information.

In another embodiment, said handover command may have a same

format as a handover command sent by said target base station

to said user equipment.

In another embodiment, an apparatus may comprise means for

causing said target base station to reduce interference pro-



video! by or keep free a first physical resource; and means

for causing said handover command to be sent to said user

equipment on a second physical resource of a source base sta

tion while said first physical resource is free or is provid-

ing reduced interference.

In another embodiment, said means may cause said target base

station to keep free or reducing interference provided by

said first physical resource is configured to cause a message

to be sent to said target base station

In another embodiment, said message may comprise at least one

of information from which said first physical resource is

identifiable and timing information.

In another embodiment, said first and second physical re

sources may be physical resource blocks.

In another embodiment, said first and second physical re-

source blocks may be at substantially a same frequency.

In another embodiment, the apparatus may comprise means for

causing said handover command to be sent in response to re

ceipt of an acknowledgement of said message being received

from said target base station.

In another embodiment, said means for causing of said handov

er command to be sent may be configured to cause a retrans

mission of handover command.

In a further embodiment, a source base station may comprise

the apparatus .



In another embodiment, an apparatus may comprise at least one

processor and at least one memory including computer program

code, the at least one memory and computer program code con

figured, with the at least one processor, to cause the appa-

ratus to: determine a user equipment which is interfering

with a target base station from a reference signal transmit

ted by said user equipment; and cause a message to be sent to

a source base station comprising information identifying said

user equipment.

In another embodiment, an apparatus may comprise at least one

processor and at least one memory including computer program

code, the at least one memory and computer program code con

figured, with the at least one processor, to cause the appa-

ratus to: provide reference signal information to a target

base station for a user equipment; receive information indi

cating that said user equipment is causing interference to

said target base station; and cause a handover command to be

sent to said user equipment.

According to another embodiment, there is provided a method

comprising: causing a target base station to reduce interfe

rence provided by a first physical resource of said target

base station; and causing a handover command to be sent to a

user equipment from a source base station on a second physi-

cal resource of the source base station while said first

physical resource is providing a reduced interference.

According to another embodiment, there is provided an appara

tus comprising: means for causing a target base station to

reduce interference provided by a first physical resource of

said target base station; and means for causing a handover

command to be sent to a user equipment from a source base

station on a second physical resource of the source base sta-



tion while said first physical resource is providing a re

duced interference.

According to another embodiment, there is provided an appara-

tus comprising at least one processor and at least one memory

including computer program code, the at least one memory and

computer program code configured, with the at least one pro

cessor, to cause the apparatus to: cause a target base sta

tion to reduce interference provided by a first physical re-

source of said target base station; and cause a handover com

mand to be sent to a user equipment from a source base sta

tion on a second physical resource of the source base station

while said first physical resource is providing a reduced in

terference .

Causing the target base station to reduce interference pro

vided by said first physical resource may comprise causing a

message to be sent to said target base station.

The reduced interference may be provided by keeping the first

physical resource substantially free.

The message may comprise information from which said first

physical resource is identifiable and/or information about

when said interference is to be reduced on said first physi

cal resource.

The first and second physical resources may be physical re

source blocks.

The first and second physical resource blocks may be at sub

stantially a same frequency.



Some embodiments may comprise causing said handover command

to be sent in response to receipt of an acknowledgement of

said message being received from said target base station.

The causing of said handover command to be sent may comprise

causing a retransmission of the handover command.

The method may be performed by a computer program comprising

computer executable instructions which when executed cause

the method to be performed.

The method may be performed in a source base station. The ap

paratus may be provided in a source base station.

According to another embodiment there is provided a method

comprising: receiving information indicating that a first

physical resource is to provide a reduced interference in a

target base station; and reducing interference provided by

said first physical resource in said target base station such

that a handover command is sent to a user equipment from a

source base station on a second physical resource of the

source base station while said first physical resource is

providing a reduced interference.

According to another embodiment there is provided an appara

tus comprising: means for receiving information indicating

that a first physical resource is to provide a reduced inter

ference in a target base station; and means for reducing in

terference provided by said first physical resource in said

target base station such that a handover command is sent to a

user equipment from a source base station on a second physi

cal resource of the source base station while said first

physical resource is providing a reduced interference.



According to another embodiment, there is provided an appara

tus comprising at least one processor and at least one memory

including computer program code, the at least one memory and

computer program code configured, with the at least one pro-

cessor, to cause the apparatus to: receive information indi

cating that a first physical resource is to provide a reduced

interference in a target base station; and reduce interfe

rence provided by said first physical resource in said target

base station such that a handover command is sent to a user

equipment from a source base station on a second physical re

source of the source base station while said first physical

resource is providing a reduced interference.

Embodiments will now be described in further detail, by way

of example only, with reference to the following examples and

accompanying drawings, in which:

Figure 1 shows a schematic diagram of a network according to

some embodiments;

Figure 2 shows a schematic diagram of a mobile communication

device according to some embodiments;

Figure 3 shows a schematic diagram of a control apparatus ac

cording to some embodiments;

Figure 4 shows a first embodiment; and

Figure 5 shows a second embodiment.

In the following certain exemplifying embodiments are ex

plained with reference to a wireless or mobile communication

system serving mobile communication devices. Before explain-

ing in detail the exemplifying embodiments, certain general

principles of a wireless communication system, access systems

thereof, and mobile communication devices are briefly ex-



plained with reference to Figures 1 to 3 to assist in under

standing the technology underlying the described examples.

A communication device or user equipment 101, 102, 103, is

typically provided wireless access via at least one base sta

tion or similar wireless transmitter and/or receiver node of

an access system. In figure 1 two neighbouring and overlap

ping access systems or radio service areas 100, 110 are shown

being provided by base stations 105, 106.

However, it is noted that instead of two access systems, any

number of access systems can be provided in a communication

system. An access system can be provided by a cell of a cel

lular system or another system enabling a communication de-

vice to access a communication system. A base station site

105, 106can provide one or more cells. A base station can al

so provide a plurality of sectors, for example three radio

sectors, each sector providing a cell or a subarea of a cell.

All sectors within a cell can be served by the same base sta-

tion. A radio link within a sector can be identified by a

single logical identification belonging to that sector. Thus

a base station can provide one or more radio service areas.

Each communication device 101, 102, 103, and base station

105, 106 may have one or more radio channels open at the same

time and may send signals to and/or receive signals from more

than one source.

Base stations 105, 106, are typically controlled by at least

one appropriate controller apparatus 109, 107 so as to enable

operation thereof and management of mobile communication de

vices 101, 102, 103, in communication with the base stations

105, 106, 108. The control apparatus 107, 109 can be inter

connected with other control entities. The control apparatus

107, 109 can typically be provided with memory capacity 301



and at least one data processor 302. The control apparatus

107, 109 and functions may be distributed between a plurality

of control units. In some embodiments, each base station

105, 106 can comprise a control apparatus 109, 107. In alter-

native embodiments, two or more base stations may share a

control apparatus. Currently LTE does not have a separate ra

dio network controller. In some embodiments the control appa

ratus may be respectively provided in each base station.

The cell borders or edges are schematically shown for illu

stration purposes only in Figure 1 . It shall be understood

that the sizes and shapes of the cells or other radio service

areas may vary considerably from the similarly sized omni

directional shapes of Figure 1.

In particular, Figure 1 depicts two wide area base stations

105, 106, which can be macro-eNBs 105, 106. The macro-eNBs

105, 106 transmit and receive data over the entire coverage

of the cells 100 and 110 respectively. Alternatively, in

LTE-Advanced, network nodes can be small area network nodes

such as Home eNBs (HeNB) (femto cells) or pico eNodeBs (pico-

eNB) . HeNBs may be configured to support local offload and

may support any UE or UEs belonging to a closed subscriber

group (CSG) or an open subscriber group (OSG) . In some in-

stances a combination of wide area network nodes and small

area network nodes can be deployed using the same frequency

carriers (e.g. co-channel deployment). The coverage of the

smaller area base station is generally smaller than the cov

erage of the wide area base stations 105, 106. The coverage

provided by smaller area nodes (pico or femto nodes) may

overlap with the coverage provided by the macro-eNBs. Pico

eNBs can be used to extend coverage of the macro-eNBs outside

the original cell coverage of the macro-eNBs. The pico eNB

can also be used to provide cell coverage in "gaps" or "sha-



dows" where there is no coverage within the existing cells

and/or may serve "hot spots". In some embodiments, the

smaller area node can be a femto or Home eNB which can pro

vide coverage for a relatively small area such as the home.

Some environments may have both pico and femto cells.

As shown, the radio service areas can overlap. Thus signals

transmitted in an area can interfere with communications in

another area.

The communication devices 101, 102, 103, can access the com

munication system based on various access techniques, such as

code division multiple access (CDMA) , or wideband CDMA

(WCDMA) . Other examples include time division multiple access

(TDMA) , frequency division multiple access (FDMA) and various

schemes thereof such as the interleaved frequency division

multiple access (IFDMA), single carrier frequency division

multiple access (SC-FDMA) and orthogonal frequency division

multiple access (OFDMA) , space division multiple access

(SDMA) and so on.

Some non-limiting examples of the recent developments in com

munication systems are the long-term evolution (LTE) of the

Universal Mobile Telecommunications System (UMTS) that is be-

ing standardized by the 3rd Generation Partnership Project

(3GPP) . As explained above, further development of the LTE is

referred to as LTE-Advanced . Non-limiting examples of appro

priate access nodes are a base station of a cellular system,

for example what is known as NodeB (NB) in the vocabulary of

the 3GPP specifications. The LTE employs a mobile architec

ture known as the Evolved Universal Terrestrial Radio Access

Network (E-UTRAN) . Base stations of such systems are known

as evolved Node Bs (eNBs) and may provide E-UTRAN features

such as user plane Radio Link Control/Medium Access Con-



trol/Physical layer protocol (RLC/MAC/PHY) and control plane

Radio Resource Control (RRC) protocol terminations towards

the user devices. Other examples of radio access system in

clude those provided by base stations of systems that are

based on technologies such as wireless local area network

(WLAN) and/or WiMax (Worldwide Interoperability for Microwave

Access) .

In Figure 1 the base stations 105, 106, of the access systems

can be connected to a wider communications network 113. The

controller apparatus 107, 109 may be provided for coordinat

ing the operation of the access systems. A gateway function

112 may also be provided to connect to another network via

the network 113. The smaller base station 108 can also be

connected to the other network by a separate gateway function

111. The base stations 105, 106, can be connected to each

other by a communication link for sending and receiving data.

The communication link can be any suitable means for sending

and receiving data between the base stations 105, 106 and in

some embodiments the communication link is an X2 link.

The other network may be any appropriate network. A wider

communication system may thus be provided by one or more in

terconnect networks and the elements thereof, and one or more

gateways may be provided for interconnecting various net

works .

The communication devices will now be described in more de

tail with reference to Figure 2 . Figure 2 shows a schematic,

partially sectioned view of a communication device 101 that a

user can use for communication. Such a communication device

is often referred to as user equipment (UE) or terminal. An

appropriate communication device may be provided by any de

vice capable of sending and receiving radio signals. The com-



munication device may be mobile. Non-limiting examples of a

communication device include a mobile station (MS) such as a

mobile phone or what is known as a 'smart phone', a portable

computer provided with a wireless interface card or other

wireless interface facility, personal data assistant (PDA)

provided with wireless communication capabilities, or any

combinations of these or the like. A communication device may

provide, for example, communication of data for carrying com

munications such as voice, electronic mail (email) , text mes-

sage, multimedia and so on. Users may thus be offered and

provided numerous services via their communication devices.

Non-limiting examples of these services include two-way or

multi-way calls, data communication or multimedia services or

simply an access to a data communications network system,

such as the Internet. Users may also be provided broadcast or

multicast data. Non-limiting examples of the content include

downloads, television and radio programs, videos, advertise

ments, various alerts and other information.

The communication device 101 may receive signals over an air

interface 207 via appropriate apparatus for receiving and may

transmit signals via appropriate apparatus for transmitting

radio signals. In Figure 2 transceiver apparatus is designat

ed schematically by block 206. The transceiver apparatus 206

may be provided for example by means of a radio part and as

sociated antenna arrangement. The antenna arrangement may be

arranged internally or externally to the mobile device.

A mobile device is also typically provided with at least one

data processing entity 201, at least one memory 202 and other

possible components 203 for use in software and hardware

aided execution of tasks it is designed to perform, including

control of access to and communications with access systems

and other communication devices. The data processing, storage



and other relevant control apparatus can be provided on an

appropriate circuit board and/or in chipsets. This feature is

denoted by reference 204.

The user may control the operation of the mobile device by

means of a suitable user interface such as key pad 205, voice

commands, touch sensitive screen or pad, combinations thereof

or the like. A display 208, a speaker and a microphone can be

also provided. Furthermore, a mobile communication device may

comprise appropriate connectors (either wired or wireless) to

other devices and/or for connecting external accessories, for

example hands-free equipment, thereto.

Figure 3 shows an example of a control apparatus 109 (or 107)

for a communication system, for example to be coupled to, in

cluded in and/or for controlling a station of an access sys

tem. In some embodiments the base stations 105, 106, each

comprise a separate control apparatus such as shown in Figure

3 . The control apparatus 109 can be arranged to provide con-

trol of communications by communication devices that are in

the service area of the system. The control apparatus 109

can be configured to provide control functions in association

with generation and communication of transmission patterns

and other related information and for muting signals by means

of the data processing facility in accordance with certain

embodiments described below. For this purpose the control ap

paratus 109 comprises at least one memory 301, at least one

data processing unit 302, 303 and an input/output interface

304. Via the interface the control apparatus can be coupled

to a receiver and a transmitter of the base station. The con

trol apparatus 109 can be configured to execute an appropri

ate software code to provide the control functions.



The LTE system currently has frequency reuse where neighbour

ing cells use the same frequency. Therefore, the inter-cell

interference may be high at the cell edge and this may limit

the available data rates. Currently LTE radio uses transmis-

sion and reception from one cell at a time. Currently no soft

handover has been defined for LTE. Another issue for cell

edge performance is handover delay and/or hysteresis. Typical

handover latency may be more than 1 second due to measurement

averaging. The handover hysteresis maybe typically 4 dB,

which means that the target cell must be 4 dB better than the

current cell before handover is executed. Therefore, UE may

not always be connected to the best cell at the cell edge

conditions. Cell edge performance may be affected by one or

more of the following:

frequency reuse may makes inter-cell interference high;

handover delay may cause the UE to be connected to the non-

optimal cell; and

handover hysteresis may cause the UE to be connected to a

non-optimal cell.

The issues may, if combined with high speed mobility, cause

call drops. The connection may get dropped after UE has sent

a measurement report but before UE has received the reconfi

guration command from old eNodeB.

Soft handover is used in CDMA and HSUPA (High Speed Uplink

Packet Access) but at the moment is not being proposed with

LTE. Site selection transmit diversity has been defined in

3GPP Release 99 but was not implemented and removed in Re-

lease 5 . Coordinated multipoint transmission (CoMP) has been

studied in Release 10 and 11. The study item assumed high ca

pacity and low delay transport connection. Enhanced serving

cell change has been proposed in HSDPA (High Speed Downlink

Packet Access) . "Forward" handover has been proposed where



the context of the UE is fetched by the new eNodeB after RLF

(radio link failure) has occurred and re-establishement (re-

connection) has taken place. RLF means Radio Link Failure,

i.e. when a connection is dropped and the UE then connects to

network again, via a different cell as it was moving. This

new cell will fetch the content from the

old cell thus making the re-establishement faster.

In contrast, some embodiments have that the nearby cells try

to identify themselves, based on the SRS being sent in the

uplink, which UE is coming close to them. This may before a

measurement report is triggered (which may come later due to

the hysteresis as discussed above.

Reference is first made to Figure 4 . This shows schematically

a source eNB 105 and a target eNB 106. UE 103 is in an area

of overlap between the cells of the source and target eNBs,

as can be seen from Figure 1 . The UE is currently served by

the source eNB 105. Figure 4 shows the use of the SRS pattern

to identify the interfering UE and the allocation of re

sources to ensure that the UE receives the HO command cor

rectly. Figure 4 generally illustrates a method according to

an embodiment .

In some embodiments, the source eNodeB will inform the neigh

bouring eNodeBs of the SRS (sounding reference signal) pat

terns/symbol sequences used by the UEs (all of them or only

ones in the cell edge area) . A sounding reference pattern is

a know pattern of symbols or a known signal. As shown in Fig-

ure 4 , the source eNB 105 sends the SRS parameters for the

UEs to the target eNB. This is referenced 401.

The sounding reference signal (SRS) may be transmitted to

find a best resource unit (RU) , also known as a resource



block (RB) or physical resource block (PRB) in the LTE stan

dard for transmitting from a user equipment (UE) . The SRS may

enable channel aware scheduling and fast link adaptation for

PUSCH for UL data transmissions. The SRS may also be used as

a reference (RS) for closed loop power control (PC) for at

least one of the physical uplink shared channel (PUSCH) and

the physical uplink control channel (PUCCH) .

As referenced 402, the neighbouring eNodeBs will search for

the SRS pattern in order to identify a UE that is causing

high uplink interference to that neighbouring eNodeB. In oth

er words, a UE which has a high interference level to the

target is identified based on the SRS pattern which that UE

is using. The target eNB will therefore be measuring the in-

terference caused by at least some of the UEs. Due to hyste

resis the UE may be better with one of the neighbouring eNo

deBs than the serving one. Interference in the frequency do

main may also have an impact. The SRS pattern the UE sends in

the uplink is known a priori and thus it is easier to use

this pattern to identify or measure one particular UE as the

target BTS knows what is going to be transmitted and when..

Thus a UE is identified based on the SRS transmission (the

SRS transmission will follow a configured pattern, unlike the

actual uplink data transmission) .

If a UE is causing interference, the following may be done to

improve handover reliability: The expected target eNodeB will

inform the source eNodeB of the likely need for handover

(which can then trigger handover) . The target eNB may have

information identifying the source eNB with which the inter

fering UE is associated. The target eNB may send a handover

indication or information from which the source eNB can make

a decision as to whether or not to handover the UE . For exam

ple as referenced 403, the target eNB send information about



the interfering UE . The information may be identity informa

tion and/or interference information. The interference infor

mation may be information about the level of interference

and/or an indication that the UE is interfering at a level

such that handover is required. Alternatively or additionally

the target eNB may send a request for the UE to be handed

over from the source eNB to the target eNB.

The source eNodeB may alternatively modify the hysteresis

value for such a UE that is identified to cause interference,

so that the measurement report is comes earlier.

As indicated by 404, the source eNB will make a handover de

cision that the UE is to be handed over from the source eNB

to the target eNB.

As indicated by 405, the source eNB will send information to

the target eNB indicating the DL physical resource block al

location for the handover command which will be used by the

source eNB. This may optionally including associated time

information for the DL physical resource block allocation.

As indicated by 406, the target eNB will keep the DL physical

resource blocks which will be used by the source eNB to pro-

vide the handover command free or reduce the interference

provided on those DL physical resource blocks. This may con

trolled to occur at the time indicated by the time informa

tion. This may improve the reliability of the delivery of the

HO command from the source eNB to the UE as the interference

from the target eNB may be reduced.

The delivery of the handover command from the source eNB to

the UE 103 is referenced 407.



Reference is made to Figure 5 which again shows the source

eNB 105, the target eNB 106 and the UE 103 which is to be

handed over from the source eNB to the target eNB. This Fig

ure shows the sending of the handover command to the target

eNB with information about the DL PRB allocation for the HO

command transmission. Again this Figure illustrates a method

of an embodiment.

As reference 501, in Figure 5 , the source eNB makes a handov-

er decision. This may be as described previously or may be

based on a different mechanism.

As referenced 502, the source eNB sends to the target eNB the

HO request and information indicating the downlink physical

resource block allocation which will be used by the source

eNB to send the HO request to the UE . Optionally timing in

formation may be provided indicating when the source eNB will

send the HO command.

As referenced 503, the target eNB will send an acknowledge

ment back to the source eNB for the HO request and the PRB

allocation information.

As referenced 504, the target eNB will keep the downlink

physical resource block allocation free to make sure that

downlink transmissions in the target cell provide less inter

ference to the HO command transmission from the source eNB to

the UE . Alternatively the target eNB will reduce the interfe

rence levels provided by the downlink physical resource

block. The downlink physical resource block may provide a re

duced or relatively low interference level to the HO command

transmission from the source eNB to the UE . The interference

may be reduced or the resource block kept free at the time

indicated by the timing information.



As reference 505, the source eNB send the HO command to the

UE on the allocated DL PRB . This will cause the UE to be

handed over from the source eNB to the target eNB.

It should be appreciated that in some embodiments, the HO

command is sent after the HO decision, before the target eNB

has kept the DL PRB free. This will prevent a delay in the

sending of the HO command to the UE . However, the method is

such that if a retransmission of the HO command is necessary,

the target eNB will be able to keep the DL PRB for the re

transmission of the HO command free.

In one embodiment the expected target eNodeB can inform the

source eNodeB which downlink resources to use to send the

handover command to the UE . Alternatively the source eNB will

inform the target as to which DL resources to keep free as

the corresponding resources are used by the source eNB to

transmit the HO command to the UE .

Thus in some embodiments, the target eNodeB can avoid trans

mission in that part of the resources to ensure the handover

command is reliable received by the UE from the source eNB.

In some embodiments, the uplink resources can be temporally

arranged so that interference is avoided.

In some embodiments, the target eNB may send the HO command.

This may be alternatively or in addition to the HO command

being sent by the source eNB. The target eNB may send the

same HO command to the eNB.

It should be appreciated that aspects of the arrangement of

Figure 4 and 5 may be used together or separately. It should

be noted that any one or more of the steps of Figure 4 may be



combined with any one or more steps of Figure 5 , in some em

bodiments .

The source eNB and target eNB may communicate in any suitable

way. By way of example the source eNB and target eNB may com

municate via an X2 connection.

In case of a synchronized network, the target eNodeB may send

the handover command to the UE using the source eNodeB TX

formats etc (SFN single frequency network) in the same re

sources if aligned with the source eNodeB. A SFN is one where

both base stations may send the same content.

In embodiment, the HO command is delayed (or the associated

retransmission is timed) so that the corresponding resources

of the target eNB are free.

It should be appreciated that in some methods may have the

steps performed in the numerical order, eg 401, 402 407

or 501, 502, 505. However it should be appreciated that

in other embodiments, the steps may be performed in a differ

ent order. By way of example only, the order may be changed

if the method is used for retransmission of a HO command. Al

ternatively or additionally, one or more of the steps shown

may be omitted. Alternatively or additionally, one or more

additional steps may take place.

It is noted that whilst embodiments have been described in

relation to LTE-Advanced, similar principles can be applied

to any other communication system or indeed to further devel

opments with LTE . Also, instead of carriers provided by a

base station a carrier comprising may be provided by a commu

nication device such as a mobile user equipment. For example,

this may be the case in application where no fixed equipment



provided but a communication system is provided by means of a

plurality of user equipment, for example in adhoc networks.

Therefore, although certain embodiments were described above

by way of example with reference to certain exemplifying ar-

chitectures for wireless networks, technologies and stan

dards, embodiments may be applied to any other suitable forms

of communication systems than those illustrated and described

herein. In some other embodiments the aforementioned embodi

ments can be adopted to orthogonal frequency division multi-

pie access (OFDMA) frequency division duplex (FDD) based mo

bile communication system other than LTE .

The required data processing apparatus and functions of a

base station apparatus, a communication device and any other

appropriate apparatus may be provided by means of one or more

data processors. The described functions at each end may be

provided by separate processors or by an integrated proces

sor. The data processors may be of any type suitable to the

local technical environment, and may include one or more of

general purpose computers, special purpose computers, micro

processors, digital signal processors (DSPs) , application

specific integrated circuits (ASIC) , gate level circuits and

processors based on multi core processor architecture, as non

limiting examples. The data processing may be distributed

across several data processing modules. A data processor may

be provided by means of, for example, at least one chip. Ap

propriate memory capacity can also be provided in the rele

vant devices. The memory or memories may be of any type suit

able to the local technical environment and may be imple-

mented using any suitable data storage technology, such as

semiconductor based memory devices, magnetic memory devices

and systems, optical memory devices and systems, fixed memory

and removable memory.



In general, the various embodiments may be implemented in

hardware or special purpose circuits, software, logic or any

combination thereof. Some aspects of the invention may be

implemented in hardware, while other aspects may be imple-

mented in firmware or software which may be executed by a

controller, microprocessor or other computing device, al

though the invention is not limited thereto. While various

aspects of the invention may be illustrated and described as

block diagrams, flow charts, or using some other pictorial

representation, it is well understood that these blocks, ap

paratus, systems, techniques or methods described herein may

be implemented in, as non-limiting examples, hardware, soft

ware, firmware, special purpose circuits or logic, general

purpose hardware or controller or other computing devices, or

some combination thereof.

The embodiments of this invention may be implemented by com

puter software executable by a data processor of the communi

cation device, base station and/or control apparatus such as

in the processor entity, or by hardware, or by a combination

of software and hardware.

Further in this regard it should be noted that stesp s in the

Figures may represent program steps, or interconnected logic

circuits, blocks and functions, or a combination of program

steps and logic circuits, blocks and functions. Different

steps may be performed in different apparatus. The software

may be stored on such physical media as memory chips, or mem

ory blocks implemented within the processor, magnetic media

such as hard disk or floppy disks, and optical media such as

for example DVD and the data variants thereof, CD.

The foregoing description has provided by way of exemplary

and non-limiting examples a full and informative description



of the exemplary embodiment of this invention. However, vari

ous modifications and adaptations may become apparent to

those skilled in the relevant arts in view of the foregoing

description, when read in conjunction with the accompanying

drawings and the appended claims. However, all such and

similar modifications of the teachings of this invention will

still fall within the scope of this invention as defined in

the appended claims. Indeed there is a further embodiment

comprising a combination of one or more of any of the other

embodiments previously discussed.



Claims :

1 . A method comprising:

determining a user equipment which is interfering with a

target base station from a reference signal transmitted by

said user equipment; and

causing a message to be sent to a source base station

comprising information identifying said user equipment.

2 . A method as claimed in claim 1 , comprising: receiving

information from said source base station indicating which

reference signal is used by which user equipment.

3 . A method as claimed in claim 2 , wherein said reference

signal comprises a sounding reference signal.

. A method as claimed in any preceding claim, wherein said

determining comprises measuring interference caused by said

user equipment.

5 . A method as claimed in any preceding claim, comprising

determining that said user equipment is to be handed over to

the target base station.

6 . A method as claimed in claim 5 , wherein said message

comprises information indicating that said user equipment is

to be handed over to said target base station.

7 . A method as claimed in claim 5 or 6 comprising causing a

handover command to be sent to said user equipment.

8 . A method as claimed in claim 7 , wherein said handover

command has a same format as a handover command sent by said

source base station to said user equipment.



9 . A method as claimed in any preceding claim, comprising

causing said target base station to keep a first physical re

source providing a relatively low interference level whereby

a handover command is sent to said user equipment from said

source base station on a second physical resource of the

source base station while said first physical resource is

providing a relatively low interference.

10. A method as claimed in claim 9 , comprising receiving in

formation indicating the first physical resource providing a

relatively low interference in the target base station.

11. A method as claimed in claim 9 or 10, comprising receiv-

ing information indicating a time at which said first physi

cal resource is to provide said relatively low interference

level .

12. A method as claimed in claim 9 , 10 or 11, wherein said

causing said target base station to keep a first physical

resource providing a relatively low interference level com

prises keeping said first physical resource free.

13. A method as claimed in any of claims 9 to 12, wherein

said first and second physical resources are physical re

source blocks.

14. A method as claimed in any of claims 9 to 13, wherein

said first and second physical resource blocks are at sub-

stantially a same frequency.

15. A method as claimed in any preceding claim, comprising

performing the method of any preceding claim in a target base

station .



16. A method comprising:

providing reference signal information to a target base

station for a user equipment;

receiving information indicating that said user equip

ment is causing interference to said target base station; and

causing a handover command to be sent to said user

equipment .

17. A method as claimed in claim 16, wherein said reference

signal information comprises sounding reference signal infor

mation .

18. A method as claimed in claim 16 or 17, wherein said han-

dover command has a same format as a handover command sent by

said target base station to said user equipment.

19. A method as claimed in any of claims 16 to 18, compris

ing causing said target base station to reduce interference

provided by or keep free a first physical resource; and caus

ing said handover command to be sent to said user equipment

on a second physical resource of a source base station while

said first physical resource is free or is providing reduced

interference .

20. A method as claimed in claim 19, wherein causing said

target base station to keep free or reducing interference

provided by said first physical resource comprises causing a

message to be sent to said target base station

21. A method as claimed in claim 20, wherein said message

comprises at least one of information from which said first

physical resource is identifiable and timing information.



22. A method as claimed in any of claims 19 to 21, wherein

said first and second physical resources are physical re

source blocks.

23. A method as claimed in any of claims 19 to 21, wherein

said first and second physical resource blocks are at sub

stantially a same frequency.

24. A method as claimed in claim 20 or any claim appended

thereto, comprising causing said handover command to be sent

in response to receipt of an acknowledgement of said message

being received from said target base station.

25. A method as claimed in any of claims 16 to 24, wherein

said causing of said handover command to be sent comprises

causing a retransmission of handover command.

26. A method comprising performing the method of any of

claims 14 to 25 in a source base station.

27. A computer program comprising executable instructions

which when performed by one or more processors cause the me

thod of any one of claims 1 to 26 to be performed.

28. Apparatus comprising:

means for determining a user equipment which is inter

fering with a target base station from a reference signal

transmitted by said user equipment; and

means for causing a message to be sent to a source base

station comprising information identifying said user equip

ment .



29. .Apparatus as claimed in claim 28, comprising: means for

receiving information from said source base station indicat

ing which reference signal is used by which user equipment.

30. Apparatus as claimed in claim 29, wherein said reference

signal comprises a sounding reference signal.

31. Apparatus as claimed in any of claims 28 to 30, wherein

said determining means is configured to measure interference

caused by said user equipment.

32. Apparatus as claimed in any of claims 28 to 31, compris

ing means for determining that said user equipment is to be

handed over to the target base station.

33. Apparatus as claimed in claim 32, wherein said message

comprises information indicating that said user equipment is

to be handed over to said target base station.

34. Apparatus as claimed in claim 32 or 33 comprising means

for causing a handover command to be sent to said user equip

ment .

35. Apparatus as claimed in claim 34, wherein said handover

command has a same format as a handover command sent by said

source base station to said user equipment.

36. Apparatus as claimed in any of claims 28 to 35, compris

ing means for causing said target base station to keep a

first physical resource providing a relatively low interfe

rence level whereby a handover command is sent to said user

equipment from said source base station on a second physical

resource of the source base station while said first physical

resource is providing a relatively low interference.



37. Apparatus as claimed in claim 36, comprising means for

receiving information indicating the first physical resource

providing a relatively low interference in the target base

station.

38. Apparatus as claimed in claim 36 or 37, comprising means

for receiving information indicating a time at which said

first physical resource is to provide said relatively low in-

terference level.

39. Apparatus as claimed in claim 36, 37 or 38, wherein said

causing means is configured to cause said target base station

to keep said first physical resource free.

40. Apparatus as claimed in claim 36 to 39, wherein said

first and second physical resources are physical resource

blocks .

41. Apparatus as claimed in claim 36 to 41, wherein said

first and second physical resource blocks are at substantial

ly a same frequency.

42. A target base station comprises an apparatus as claimed

in any of claims 28 to 41.

43. Apparatus comprising:

means for providing reference signal information to a

target base station for a user equipment;

means for receiving information indicating that said us

er equipment is causing interference to said target base sta

tion; and

means for causing a handover command to be sent to said

user equipment.



44. Apparatus as claimed in claim 43, wherein said reference

signal information comprises sounding reference signal infor

mation .

45. Apparatus as claimed in claim 43 or 44, wherein said

handover command has a same format as a handover command sent

by said target base station to said user equipment.

46. Apparatus as claimed in claim 43 to 45, comprising means

for causing said target base station to reduce interference

provided by or keep free a first physical resource; and means

for causing said handover command to be sent to said user

equipment on a second physical resource of a source base sta-

tion while said first physical resource is free or is provid

ing reduced interference.

47. Apparatus as claimed in claim 46, wherein said means for

causing said target base station to keep free or reducing in-

terference provided by said first physical resource is confi

gured to cause a message to be sent to said target base sta

tion

48. Apparatus as claimed in claim 47, wherein said message

comprises at least one of information from which said first

physical resource is identifiable and timing information.

49. Apparatus as claimed in claim 46 to 48, wherein said

first and second physical resources are physical resource

blocks.

50. Apparatus as claimed in claim 46 to 49, wherein said

first and second physical resource blocks are at substantial

ly a same frequency.



51. Apparatus as claimed in claim 43 or any claim appended

thereto, comprising means for causing said handover command

to be sent in response to receipt of an acknowledgement of

said message being received from said target base station.

52. Apparatus as claimed in claim 43 to 51, wherein said

means for causing of said handover command to be sent is con

figured to cause a retransmission of handover command.

53. A source base station comprising the apparatus of any of

claims 43 to 52 .

54. An apparatus comprising at least one processor and at

least one memory including computer program code, the at

least one memory and computer program code configured, with

the at least one processor, to cause the apparatus to:

determine a user equipment which is interfering with a

target base station from a reference signal transmitted by

said user equipment; and

cause a message to be sent to a source base station com

prising information identifying said user equipment.

55. An apparatus comprising at least one processor and at

least one memory including computer program code, the at

least one memory and computer program code configured, with

the at least one processor, to cause the apparatus to:

provide reference signal information to a target base

station for a user equipment;

receive information indicating that said user equipment

is causing interference to said target base station; and

cause a handover command to be sent to said user equip

ment .











A . CLASSIFICATION O F SUBJECT MATTER
INV. H04W36/20
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

H0 4

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal , COMPENDEX, INSPEC, IBM-TDB, WPI Data

C. DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2008/058551 Al (ERICSSON TELEFON AB L M 1-55
[SE] ; OSTERLING JACOB [SE] ; MOLANDER MATS
[SE] ) 22 May 2008 (2008-05-22)
abstract
page 4 , l i nes 30-31
page 5 , l i ne 8 - page 6 , l i ne 20
page 8 , l i nes 1-29
page 11 , l i nes 24-32
page 12 , l i nes 28-32
f i gure 1

US 2008/233967 Al (M0NT0J0 JUAN [US] ET 1-55
AL) 25 September 2008 (2008-09-25)
c b s c c
paragraphs [0011] , [0040] - [0049] ,
[0056] - [0058] , [0070] - [0073]
c l aims 1-48
f i gures 2a, 2b, 8a, 8b, 9

-I

Further documents are listed in the continuation of Box C . X I See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date

or priority date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle o r theory underlying the

considered to be of particular relevance invention
"E" earlier document but published on or after the international "X" document of particular relevance; the claimed invention

filing date cannot be considered novel or cannot be considered to
"L" documentwhich may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

"P" document published prior to the international filing date but in the art.

later than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

20 January 2012 26/01/2012

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Rosken , Wi l fri ed



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2008/096240 Al (NOKIA CORP [FI] ; NOKIA 1-55
INC [US] ; HUANG LEPING [ P] )
14 August 2008 (2008-08-14)
c b s c c
paragraphs [0004] - [0009] , [0022] -
[0046] , [0053]
c l aims 1-38
f i gures 1 ,4,5

US 2010/238888 Al (SAMPATH ASHWIN [US] ET 1-55
AL) 23 September 2010 (2010-09-23)
paragraphs [0004] , [0009] , [0016] ,
[0047] , [0053] , [0072] - [74. 77] ,
[0083] - [0084] , [0090] - [0092] , [0104]
- [0105]

NOKIA SI EMENS NETWORKS: "Node B 1-55
measurements for LTE" ,
3GPP DRAFT; R1-073682_ENB_MEAS, 3RD
GENERATION PARTNERSHI P PROJECT (3GPP) ,
MOBI LE COMPETENCE CENTRE ; 650, ROUTE DES

LUCI0LES ; F-06921 S0PHIA-ANTI P0LIS CEDEX
; FRANCE,
vol . RAN WG1 , no. Athens , Greece;
20070816, 16 August 2007 (2007-08-16) ,
XP050107278,
[retri eved on 2007-08-16]
* chapters 2 . 2 , 2 . 3 *

"3rd Generati on Partnershi p Project; 1-55
Techni cal Speci f i cati on Group Radi o Access
Network; Evol ved Uni versal Terrestri a l
Radi o Access Network (E-UTRAN) ; X2
appl i cati on protocol (X2AP) (Rel ease 10) " ,
3GPP STANDARD; 3GPP TS 36.423 , 3RD
GENERATION PARTNERSHI P PROJECT (3GPP) ,
MOBI LE COMPETENCE CENTRE ; 650, ROUTE DES

LUCI0LES ; F-06921 SOPHIA-ANTI P0LIS CEDEX
; FRANCE,
no. VIO. 1 .0, 29 March 2011 (2011-03-29) ,
pages 1-132 , XP050476732 ,
[retri eved on 2011-03-29]
* chapters 8.3 , 9 . 1 . 2 , 9 . 2 . 17 , 9 . 2 . 18 *

" LTE; Evol ved Uni versal Terrestri a l Radi o 1-55
Access (E-UTRA) ; Physi cal l ayer procedures
(3GPP TS 36.213 versi on 10. 1 . 0 Rel ease
10) " ,
TECHNICAL SPECI FICATION , EUROPEAN

TELECOMMUNICATIONS STANDARDS INSTITUTE
(ETSI ) , 650, ROUTE DES LUCI0LES ; F-06921
S0PHIA-ANTI P0LIS ; FRANCE,
vol . 3GPP RAN 1 , no. VIO. 1 .0,
1 Apri l 2011 (2011-04-01) , XP014065360,
* chapters 5 . 1 , 5 . 1 . 3 . 1 , 8.2 , 8.9 *



Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2008058551 Al 22-05 -2008 AU 2006350924 Al 22-05-2008
BR PI0622119 A2 27-12-2011
CA 2668591 Al 22-05-2008
CN 101536563 A 16-09-2009
EP 2082598 Al 29-07-2009
JP 2010509815 A 25-03-2010
US 2010069063 Al 18-03-2010
W0 2008058551 Al 22-05-2008

US 2008233967 Al 25-09 -2008 CA 2679349 Al 02-10-2008
CN 101641918 A 03-02-2010
EP 2130335 Al 09-12-2009
JP 2010522516 A 01-07-2010
KR 20090132625 A 30-12-2009
RU 2009139061 A 27-04-2011
TW 200845787 A 16-11-2008
US 2008233967 Al 25-09-2008
W0 2008118810 Al 02-10-2008

W0 2008096240 Al 14-08 -2008 NONE

US 2010238888 Al 23-09 -2010 EP 2409508 Al 25-01-2012
EP 2409509 Al 25-01-2012
EP 2409510 Al 25-01-2012
TW 201115946 A 01-05-2011
TW 201116083 A 01-05-2011
TW 201129134 A 16-08-2011
US 2010238888 Al 23-09-2010
US 2010238901 Al 23-09-2010
US 2010240382 Al 23-09-2010
W0 2010108147 Al 23-09-2010
W0 2010108149 Al 23-09-2010
W0 2010108150 Al 23-09-2010


	abstract
	description
	claims
	drawings
	wo-search-report

