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(57) Abstract: A base station (14) in a mobile commu-
nication system operating according to a synchronised
time division scheme comprises an antenna (26), a ra-
dio communication unit (24) for communicating with
mobile stations of the system and an interference in-
vestigating unit (28) comprising a link quality measur-
ing element (30), which obtains link quality measure-
ments that are measured in the base station during up-
link communication (UL) between at least one mobile
station and the base station, a link quality evaluation
element (32) that compares link quality measurements
of at least one uplink channel with a link quality
threshold and determines that the uplink channel is in-
terfered by another base station if the link quality
threshold is exceeded, a base station identifying ele-
ment (34) that identifies the other base station via sig-
nals broadcast by the other base station and an interfer-
ence limiting element (36) configured to perform an in-
terference limitation activity based on the identifica-
tion.
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REDUCING INTERFERENCE CAUSED BY AN ATMOSPHERIC DUCT IN
A MOBILE COMMUNICATION SYSTEM

TECHNICAL FIELD

The invention relates to base stations in mobile
communication systems. More particularly, the invention
relates to a method and computer program product for
handling interference in a mobile communication system
operating according to a synchronised time division
scheme as well as to a base station in a mobile
communication system operating according to a

synchronised time division scheme.
BACKGROUND

There are today many mobile communication systems that
use synchronised time division schemes, such as time
division duplexing systems (TDD). One example of this
is Time Division - Long Term Evolution (TD - LTE).
These types of systems are providgd with base stations,
which have certain communicatioh structures, such as
frames or superframes provided after one another in
time. The communication structures of the base stations
are in these types of systems synchronised with each
other. The base stations of many systems do more
particularly often transmit signals in one period of
the structure, often denoted downlink period, and

receive signals in another period of the structure,

often denoted uplink period. These periods should be

sufficiently separated from each other in order to

avoild that base station transmissions interfere with

CONFIRMATION COPY
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base station reception. Such a separation is in some.
systems denoted a guard period. If systems are
synchronised this means that all base stations are
transmitting at the same time and all are receiving at

the same time.

There exist some prior art documents that adjust these

communication structures.

WO 2008/103090 does for instance disclose measuring the
interference level during part of the time between two
consecutive down link periods and varying the duration

of guard periods according to the interference level.

WO 2009/153622 describes determining, through an
apparatus equipped with a transmitter that monitors

signal energy on a shared radio resource, the presence

~of other transmitters, identification of a

predetermined set of time division duplex (TDD)

signaling patterns, performing of a correlation between

signal energy received on the shared radio resource and

the predetermined TDD signaling patterns and
determining of a TDD signaling pattern that may reduce
or avoid interference with other transmitters using the

shared resource.

One problem that has received increased attention
lately in relation to systems using synchronised time
division schemes are problems caused by atmospheric

ducts.
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An atmospheric duct is a horizontal layer that is
created in the lower atmosphere, typically the
troposphere. In such a duct the vertical refractive
index gradients are such that radio signals (and light
rays) are guided or ducted along the length of the duct.
The radio signals in the ducts therefore tend to follow
the curvature of the Earth. They also experience less
attenuation in the ducts than they would if the ducts

were not present.

The occurrences and locations of these ducts are hard
to predict. They occur rarely, typically a few days or
a number of hours in one year, and also often occur in

some special area, like in the desert or near the sea.

For a mobile communication system, an atmospheric duct
will cause long-distance downlink (DL) signals for base
stations to mobile stations to travel through the
atmosphere with long transmission delay but with a very

low attenuation.

This delayed but still strong signal may seriously

affect TDD system performance.

Since the base stations in the above mentioned systems
are supposed to transmit in well controlled periods of
the communicaﬁion structure and to receive signals from
mobile stations in other periods of the éommunication
structure, it is possible that the signals from a base
station travelling through an atmospheric duct will
reach another base station when this other base station

is supposed to receive signals from mobile stations,
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i.e. when this other base station is in uplink

communication.

This situation can be serious because base stations
transmit with much more power than a mobile station.
Since the signals in the atmospheric duct have low

attenuations, this means that a base station may not be

able to receive any signals from mobile stations in the

whole or parts of the period of the communication
structure assigned to reception of signals from mobile
stations. This means that one of the fundamental base

station functions may be impossible to perform.

It is also possible for a base station to interfere
with uplink communication of another base station for
other reasons, like 1if it has a faulty operation, like

having lost its synchronisation.

There is therefore a need for a solution to this

problem.
SUMMARY

The invention is therefore directed towards solving the
problem of base station interference in uplink
communication in a mobile communication system that

uses a synchronised time division communication scheme.

One object of the invention is thus to solve the
problem of base station interference in uplink
communication in a mobile communication system that

uses a synchronised time division communication scheme.

A
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This object is according to a first aspect of the
invention achieved through a method for handling
interference in a mobile communication system operating
according to a synchronised time division scheme. The
method is performed in a base station of the mobile
communication system and comprises:

obtaining link quality measurements that are measured
in the base station during uplink communication between
at least one mobile station and the base station,
comparing link quality measuremenﬁs of at least one
uplink channel with a link quality threshold,
determining that the uplink channel is interfered by
another base station if the link quality threshold is
exceeded,

identifying the other base station via signals being
broadcast by the other base station, and

performing an interference limitation activity based on

the identification.

The object is according to a second aspect of the
invention achieved through a base station in a mobile
communication system operating according to a
synchronised time division scheme. The base station
comprises at least one antenna, a radio communication
unit for communicating with mobile stations of the
system via tﬁe antenna and an interference
investigating unit. The interference investigating unit
in turn comprises a link quality measuring element,
which obtains link quality.measurements that are
measured in the base station during uplink

communication between at least one mobile station and.
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the base station, a link quality evaluation element
that compares link quality measurements of at least one

uplink channel with a link quality threshold and

~determines that the uplink channel is interfered by

another base station i1if the link quality threshold is
exceeded, a base station identifying element that
identifies the other base station via signals broadcast
by the other base station and an interference limiting
element that performs an interference limitation

activity based on the identification.

The above-mentioned object is according to a third
aspect of the invention achieved through a computer
program product for handling interference in a mobile
communication system operating according to a
synchronised time division scheme. The computer program
product comprises computer program code on a data
carrier, which when run on a processor forming an
interference investigating unit of a base station,
causes the interference investigating unit to:

obtain link quality measurements that are measured in
the base station during uplink communication between at
least one mobile station and the base station,

compare link quality measurements of at least one
uplink channel with a link quality threshold,

determine that the uplink channel is interfered by
another base station if the link quality threshold is
exceeded,

identify the other base station via signals being
broadcast by the other base station, and

perform an interference limitation activity based on

the identification.
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The invention has many advantages. It provides
interference limitation in uplink communication, for
instance caused by atmospheric ducts, which can cause

5 serious problems. This may also be performed using only
slight modifications of existing base stations. The
invention is therefore also easy to implement in

existing systems.

10 The system may be a time division duplexing system. It
may also be a Universal Mobile Telecommunication System

as well as a Long Term Evolution System.

The base station may be a Node B base station and may

15 also be an evolved Node B base station

According to one variation the identifying in the
method is performed through obtaining an identifier by
the other base station.

20
According to the same variation of the invention the
base station identifying element identifies the other
base station through obtaining an identifier broadcast
by the other base station.

25
The broadcast identifier may here be a cell identifier.

It may particularly be a global cell identifier.

According to another variation of the invention, the
30 identifying being performed in the method comprises
monitoring broadcasting being made by the other base

station.
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According to the same variation of the invention the
base station identifying element identifies the other
base station through monitoring broadcasting being made

by the other base station.

The monitoring may here be performed during a part of
the time division scheme allocated to uplink

communication.

According to yet another variation of the invention the
monitoring comprises ordering a mobile station to
monitor and report broadcasting being made by the other

base station.

According to the same variation of the invention the
base station identifying element may identify the other
base station through ordering a mobile station to
monitor and report broadcasting being made by the other

base station.

The reporting being made by the mobile station may here
be a reporting made according to an automatic neighbour

relation function.

According to another variation of the invention the
method further comprises obtaining a system
communication identifier based on the broadcast
identifier and using the system communication
identifier for communicating with the other base

station.
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According to the same variation of the invention the
base station identifying element obtains a system
communication identifier based on the broadcast
identifier for use in communication with the other base

station.

According to yet another variation of the invention the
performing of an interference limitation activity
comprises requesting the other base station to perform

at least one interference limitation measure

According to the same variation of the invention the
the interference limiting element, when performing an
interference limitation activity, requests the other
base station to perform at least one interference

limitation measure.

According to a further variation of the invention the
performing of an interference limitation activity
comprises performing at least one interference

limitation measure.

According to the same variation of the invention the
interference limiting element, when performing an
interference limitation activity, performs at least one

interference limitation measure.

An interference limitation measure may here be a
measure in the group of adjust antenna tilt, adjust
traffic allocation, adjust downlink power and adjust

interval between uplink and downlink transmissions
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It should be emphasized that the term
“comprises/comprising” when used in this specification
is taken to specify the presence of stated features,
integers, steps or components, but does not preclude
the presence or addition of one or more other features,

integers, steps, components or groups thereof.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail in

relation to the enclosed drawings, in which:

fig. 1 schematically shows a mobile communication
system comprising an 0&M device and a number of base
stations, where a first base station is communicating
with a mobile station,

fig. 2 shows a block schematic of the first base
station according to a first embodiment of the
invention,

fig. 3 schematically shows an atmospheric duct having
been formed in the atmosphere above the earth,

fig. 4 schematically shows the communication structures
of two base stations in fig. 1, the first base station
and a further base station,

fig. 5 schematically shows a cell identifier of a
systems information block being provided in the
communication structure of a base station,

fig. 6 shows a flow chart of a general method for
handling interference in a mobile communication system
according to a first embodiment of the invention being

performed in the first base station,
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fig. 7 shows a flow chart of a number of method steps
for handling interference in a mobile communication
system according to a first variation of the method,
fig. 8 shows a flow chart of a number of method steps
for handling interference in a mobile communication
system according to a second variation of the method,
and

fig. 9 schematically shows a computer program product
according to an embodiment of the inventicn in the form

of a CD ROM disc.
DETAILED DESCRIPTION

In the following description, for purposes of
explanation and not limitation, specific details are
set forth such as particular architectures, interfaces,
techniques, etc. 1n order to provide a thorough
understanding of the invention. However,.it will be
apparent to those skilled in the art that the invention
may be practiced in other embodiments that depart from
these specific details. In other instances, detailed
descriptions of well-known devices, circuits, and
methods are omitted so as not to obscure the

description of the invention with unnecessary detail.

The present invention concerns a base station in a
mobile communication system like Universal Mobile
Telecommunication System (UMTS) and/or Long-Term
Evolution (LTE).. The system is furthermore a system
that uses a synchronised time division scheme, such as

a time division duplexing system (TDD). In the example
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of LTE the system may be Time Division - Long Term

Evolution (TD - LTE).

Fig. 1 schematically shows one exemplifying TD - LTE
system 10. In this system there are a number of base
stations 14, 16, 18 and 20. Base stations are in mobile
communication systems often denoted node B’s and in LTE
evolved node B’s (énodeB). There is here a first group
of base stations including a first base station 14, a
second base station 16 and a third base station 18. The
base stations in this first group are neighbours, which
in this case means that they provide cells that are
placed adjacent each other. There is furthermore a
further base station 20 in the system 10. This further
base station 20 is provided on a long distance from the
base stations in the first group and particularly on a
large distance from the first base station 14. This
means that under normal atmospheric situations, the
further base station 20 is provided on a large enough
distance from the first group of base stations that the
transmissions of the further base station 20 are
attenuated énough for not influencing the operation of

the first group of base stations.

In fig. 1 there s furthermore indicated a first

communication structure CS1 of the first base station

14 in which it is communicating with a mobile station

12 as well as a second communication structure CS2 used
by the further base station 20. Also the second and
third base stations 16 and 18 have similar
communication structures. However,.thése have here been

omitted in order to provide a clearer description of
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the invention. Furthermore, all the communication
structures of the system 10 are synchronised with each
other. In fig. 1 there is furthermore shown an
Operations and Maintenance (O&M) device 22, with which
the first base station 14 may communicate. This device
is a part of an O&M subsystem in the mobile

communication system.

Fig. 2 shows a block schematic of the first base
station 14. The first base station comprises a radio
communication unit 24 connected to at least one antenna
for communicating with mobile stations of the system
like the one shown in fig. 1 via the at least one
antenna. In this embodiment there is only one antenna
26. The first base station 14 furthermore comprises an
interference investigating unit 28 and a communication
interface 29. The communication interface may here
include an X2 interface section for communicating with
other base stations as well as an S1 interface section
for communicating with other devices or nodes in the
system, such as the 0&M device. The interference
investigating unit 28 comprises a number of elements.
It includes a link quality measuring element 30, a link
quality evaluating element 32, a base station
identifying element 34 and finally an interference
limiting element 36. Here the link quality measuring
element 30 is connected to the radio communication unit
24 and link quality evaluating element 32. Furthermore,
the link quality evaluating element 32 is connected to
the bas station identifying element 34, which in turn

is connected to the radio communication unit 24, the

-communication interface 29 as well as to the
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interference limiting element 36. Finally the
interference limiting element 36 is connected to the
radio communication unit 24 and the communication

interface. 29.

As was mentioned earlier there can at times occur
atmospheric ducts in the atmosphere. Such a situation
is schematically shown in fig. 3, which shows an
atmospheric duct 42 that has been created in the
atmosphere 40 above ground 38. In fig. 3 there is also
shown how radio signals RS propagate in this duct along
the length of the duct. Radio signals RS that are
transported in this duct 42 can be propagated long

distances with low attenuation.

Fig. 4 schematically shows the communication sﬁructures
CS1 and CS2 of the first and the further base stations
shown in fig. 1. These communication structures CS1 and
CS2 are both divided into a number of subframes, and in
this example only three are displayed for showing the
principle. These subframes follow each other in time.

This means that there is here a subframe zero SF 0

.followed by a special subframe SF S and a subframe one

SF 1. All these subframes are divided into time slices.
However, in the figure only three such time slices in
the special subframe SF S are indicated by names.
Subframe zero SF 0 is here only provided for downlink
communication DL, i.e. communication from base station
to mobile station, and subframe one SF 1 only for
uplink communication UL, i.e. communication from mobile
station to base station. In subframe zero SF 0 there is

furthermore a system information block SIB being
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transmitted. The special subframe SF S includes three
time slices, a downlink pilot time slice DP, a guard
Period GP and an uplink pilot time slice UP. In the
downlink pilot time slice DP pilot signals are
transmitted in the downlink DL, di.e. from base station
to mobile stations, while in the uplink pilot time
slice UP pilot signals are transmitted from the mobile
stations to the base stations. In the guard period GP
no transmissions are supposed to be made. This period
is used for providing a sufficient separation between
transmission and reception in the system. The guard
period GP is thus an interval between upiink and

downlink transmissions.

As was mentioned earlier all base station transmissions
are synchronised. This means that the first and second
communication structures CS1 and CS2 are in fact
synchronised with each other. However, because of the
delay of the signals in the further base station, the
¢communication structure CS2 of the further base station
is delayed in relation to communication structure CSl
of thé first base station. What is shown in fig. 4 is
thus the communication structures CS1 and CS2 as they
are being provided and perceived by the first base
station. It may here be further mentioned that there is
also a delay between the first and the second and third
base stations. However, this delay is normally so small

that it does not influence the operation of the system.

The System Information Block SIB includes an
international cell identifier. In LTE this identifier

is an E-UTRAN Cell Global Identifier (ECGI), where E-
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UTRAN is an acronym for Evolved UMTS Terrestrial Radio
Access Network. SIB is in LTE more particularly carried
on a physical channel, such as the Physical Downlink
Shared Channel (PDSCH). The international cell
identifier is specified by The Third Generation
Partnership Project (3GPP) Technical Specification (TS)
36.331, which is herein incorporated by reference. The
transmission of ECGI in the SIB is schematically shown

in fig. 5.

Atmospheric ducts, like the one shown in fig. 3 may
appear between the first and the further base stations
14’and 20. This means that the radio signals of the
further base station 20 may be lead via this duct 42 to
the first base station 14. In this case the
communication structure C3S2 of the further base station
20 may be delayed in relation to the communication
structure CS1 of the first base station 14 in the way
shown in fig. 4. As can be seen from fig. 4 the
downlink transmissions DL of the further base station
20 may then coincide with the uplink transmissions UL
to the first base station 14. This means that the first
base station 14 will receive radio signals from the
further base station 20 when it is supposed to receive
radio signals from the mobile stations in its vicinity,
like the mobile station 12. A base station transmits
with a lot more power than a mbbile station. This
therefore means thét due to the low attenuation of the
transmissions of the further base station 20, these
transmissions will make it more or less impossible for
the first base station 14 to be able to receive any

radio signals from the mobile stations in the uplink,
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like mobile station 12. The interference from the
further base station 20 will be too high. It can here
furthermore be mention that it is also possible to be
interfered during uplink communication by another base
station if this other base station is faulty, like if
it has lost its synchronisation. The invention is

provided for addressing this situation.

A first embodiment of the invention will now be
described with reference being made to the previous
figures as well as to fig. 6, which shows a flow chart
of a general method for handling interference in a
mobile communication system according to a first

embodiment of the invention.

According to the first embodiment the link quality
measuring element 30 of the interference investigating
unit 28 in the first base station 14 obtains link
quality measurements that are measured in the base
station 14 during uplink communication UL between
mobile stations in contact with this base station, step
44, which mobile stations comprise at least one mobile
station 12. This obtaining is typically provided
through the 1link qﬁality measuring element 30
connecting to the radio communication unit 24 during
uplink transmissions and obtaining link quality
measurements such as signal to noise measurements or
other equivalent measurements from the radio
communication unit such as bit error rate measurements.
These are typically measurements relating to one or
more uplink channels in the communication structure CS1.

When the link quality measuring element 30 has obtained
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the link quality measurements, it forwards these to the
link quality evaluation element 32, which in turn
compares the link quality measurements of at least one
uplink channel with a link quality threshold LQTH, step
46. This threshold may be set to be higher than the
best possible link quality provided by a mobile station.
This means that a link quality that is better than what
is normally possible will indicate an abnormal
situation. The link quality evaluation element 32 thus
determines if the uplink channel is interfered by
another base station or not based on if the link
quality threshold is exceeded or not. In case the
threshold is not exceeded, step 48, i.e. a normal link
quality is obtained, then the method is ended, step 50.
However, in case the threshold is exceeded, step 48,
the link quality evaluating element 32 determines that
there is in fact interference from another base station
of the uplink channel, step 52 and informs the base
station indentifying element 34 of this fact. The base
station identifying element 34 then identifies the
other base station, step 54, which identification is
made via signals, such as the System Information Block
SIB being broadcast DL2 by the other base station 20.
In this identification the base station identifying
element 34 may communicate with the radio communication
unit 24 in order to detect an identifier broadcast by
the other base station. This identifier is typically a
cell identifier, and with advantage a global cell
identifier such as the ECGI transmitted in the System
Information Block SIB. From this identifier the first
base station may directly understand that the further

base station is not a base station in the vicinity,
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such as in the first group. After this has been done,
the interference limiting element 36 is informed that
another base station at a far away location is
interfering. The interference limiting element 36 then
performs at least one interference limitation activity
based on the identification, step 56. The performing of
an interference limitation activity may here be that
the interference limiting element 36 itself perform or
order the radic communication unit 24 to perform one or
more interference limitation measures. If for instance
the first base station 14 learns that the further base
station 20 causes the interference, it may change the
guard period GP in the special subframe SF S based on
the identification. From this first embodiment of the
invention it can be seen that the communication

interface 29 is not needed.

If the threshold is exceeded, the operation of the
first base station 14 can according to a first
variation in more detail be performed according to the

flow chart shown in fig. 7.

In this first variation the steps 44 - 52 are the same

‘as in the first embodiment and performed by the same

elements. Thus, in case the link quality evaluating
element 32 finds that there is interference from
another base station in the Uplink, step 52, it informs

the base station identifying element 34. The base

‘station investigating element 34 may then monitor the

transmissions of this base station and more
particularly the broadcasting being made by the other

base station, which monitoring is thus made in a part
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of the time division scheme allocated to uplink
communication, i.e. in the Uplink UL, via the radio
communication unit 24 and antenna 26. It may more
particularly monitor the System Information Block SIB
that is being broadcast by the interfering base station,
step 58. In this monitoring of the system information
block it may then furthermore identify the ECGI of this
base station, step 60. ECGI is the identifier of a cell
provided by a base station and therefore it is usually
not enough for the first base station 14 to clearly
identify the interfering base station. Above all it is
normally not enough for contacting the further base
station. Such contact may require a system
communication identifier of the interfering base
station, such as an IP address, of which the first base
station is normally not aware. However, operations and
maintenance devices, such as the O&M device 22 is
typically aware of such data. Thereforé the base
station investigating element 34 may send a query
regarding the identified ECGI to the 0&M device 22 via
the communication interface 29 and receive a system
communication identifier of the further base station,
here an IP address, as a response via the same
interface 29. In this way the further base station 20
may be identified. Here communication is typically
performed using an S1 section of the communication
interface 29. Once the IP address has been obtained,
step 62, the base station investigating element may
inform the interference limitation element 36 and also
provided this element of the obtained IP-address. The
interference limitation element 36 then performs two

interference limitation activities, where a first
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activity 1is to request the further base station 20 to
perform at least one interference limitation measure,
step 64. This may be done through sending a request for
performing interference limitation measures via the
communication interface 29 addressed to the further
base station using the received system communication
identifier. This request may be sent via an X2 section
of the communication interface 29. The second activity
performed by the interference limitation element 36 is
that it itself performs or orders the radio
communication unit 24 to perform one or more

interference limitation measures, step 66.

It is possible that some of the transmission of the
further base station is made in the downlink. The
situation may especially exist that the further base
station 20 transmits the ECGI in the downlink DL of the
communication structure CS1 of the first base station
14. In this case the further base station is still
interfering. However, in the downlink it is often not
possible for the first base station to identify the
interfering base station. In this case the method steps
shown in fig. 8 may be employed, which figure shows a
number of method steps in a second variation of the

invention.

In case the link quality evaluating element 32 finds
that there is interference from another base station in
the Uplink, step'52, it may then order one or more
mobile stations, like the mobile station 12 to monitor
the transmissions in the uplink of the further base

station as well as to report broadcasts in the System
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Information Block SIB of the further base station 20,
step 68. Such an order is normally sent to the mobile
stations via the radio communication unit 24 and
antenna 26. The mobile station 12 then monitors such
broadcast and will then identify the ECGI. The mobile
station 12 then reports the ECGI to the first base
station 14, which ECGI is received by the base station
identifying element 34 via the radio communication unit
24 and antenna 26, step 70. The reporting can here be
made according to an automatic neighbour relation
function. The base station identifying element 34 may
in turn obtain a system communication identifier, here
an IP address, of the interfering base station in the
same way as 1in the first variation. After such an
identifier having been obtained, the interference
limitation element 36 then requests the further base
station 20 to perform interference limitation measures,
step 74, as well as performs own interference

limitation measures, step 76.

In this way it is possible to limit uplink interference,
for instance caused by atmospheric ducts, which can
cause serious problems. This may also be performed
using only slight modifications of existing base
stations. It is therefore also easy to implement in

existing systems.

In the identifying of the further base station it is
possible to employ the Automatic Neighbour Relation
(ANR) function, which is a feature of LTE.
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ECGI is a 28-bit Cell Identity value. ECGI includes
Cell Identity together with 5-6 bit PLMN-Identity and
it uniquely identifies a cell in E-UTRAN.

The original purpose of the ANR function is to relieve
the operator from the burden of manually managing
Neighbour Relations (NRs) in relation to handovers. The
ANR function normally resides in the eNB and manages a
conceptual Neighbour Relation Table (NRT). For each
cell that the eNB has, the eNB keeps an NRT. Each NR
contains a Target Cell Identifier (TCI), which
identifies the target cell. For E-UTRAN, the TCI
corresponds to the (ECGI) and Physical Cell Identifier
(PCI) of the target cell.

In this scheme a serving base station first instructs
mobile statiohs to perform measurements on neighbour
cells. In case the first base station 14 is the serving
base station providing one cell, these neighbouring
cells may be provided by the second and third base
station 16 and 18.

The mobile station then obtains link quality
measurements as well as PCIs from the base stations
having the strongest signals, which are typically the
neighbours. If the target base station does not
previously know this PCI, it then orders the mobile
station to monitor the ECGI and report it to the target

base station.

This procedure may typically be used by the first base
station in order to obtain the ECGI of the further base
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station in both the first and second variations, where
in the first variation the base station itself performs

all the steps.

There are a number of different interference limitation
activities that may be used apart from adjusting the
guard period. It is for instanée possible to adjust
antenna tilt, lower down downlink power, perform Angle

of Arrival (AoA) detection or adjust traffic allocation.

It should here alsc be mentioned that it is possible
also to instruct the neighbouring base stations in the

first group to perform interference limitation measures.

The interference investigating unit of the first base
station may with advantage be provided in the form of a
processor with associated program memory including
computer program code for performing the functionality
of the various elements. It should be realized that
this unit may also be provided in the form of hardware,
like for instance in the form of an Application
Specific Integrated Circuit (ASIC). The computer
program code may also be provided on a computer-
readable means, for instance in the form of a data
carrier, like a CD ROM disc or a memory stick, which
will implement the function of the above-described
interference investigating unit when being loaded into
the above-mentioned program memory and run by the
processor. One such computer program product in the
form of a CD ROM disc 78 with such a computer program

code 80 is schematically shown in fig. 9.
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There are a number of further variations that can be
made in the system and first base station. The further
base station was above described as being part of the
same system as the further base station. This may not
necessarily be the case. The further base station may
be part of another system, however of the same type as
the one in which the first base station is provided.
The O&M device may then not directly know the identity
of the base station based on the cell identifier, but
may need to query other 0O&M devices in other systems.
It should furthermore be realized that an ECGI is just
one example of a global cell identifier that can be
used according to the invention. An IP address is also
just one example of a system communication identifier

that can be used.

While the invention has been described in connection
with what is presently considered to be most practical
and preferred embodiments, it is to be understood that
the invention is not to be limited to the disclosed
embodiments, but on the contrary, 1is intended to cover
various modifications and equivalent arrangements.
Therefore the invention is only to be limited by the
following claims. Furthermore, the invention is not
limited to the specific order in which steps are

presented in the method claims.

PCT/CN2011/000285
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CLAIMS

1. A method for handling interference in a mobile

communication system (10) operating according to a

5 synchronised time division sbheme, the method being
performed in a base station (14) of the mobile
communication system and comprising the steps of:
obtaining (44) link quality measurements that are
measured in the base station during uplink

10 communication (UL) between at least one mobile
station (12) and the base station,
comparing (46) link quality measurements of at least
one uplink channel with a link quality threshold,
determining (52) that the uplink channel is

15 interfered by another base station (20) if (48) the
link quality threshold is exceeded,
identifying (54) the other base station via signals
(SIB) being broadcast by the other base station, and
performing (56) an interference limitation activity

20 based on the identification.

2. The method according to claim 1, wherein the step of
identifying is performed through obtaining an
identifier (ECGI) broadcast by the other base

25 station.

3. The method according to claim 2, wherein the

identifier is a cell identifier.

30 4. The method according to claim 3, wherein the

identifier is a global cell identifier.
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. The method according to any previous claim, wherein

the step of identifying comprises‘monitoriﬁg (58)

broadcasting being made by the other base station.

. The method according to claim 5, wherein the

monitoring is performed during a part of the time

division scheme allocated to uplink communication.

. The method according to any of claims 1 - 4, wherein

the step of monitoring comprises ordering (68) a
mobile station to monitor and report broadcasting

being made by the other base station.

. The method according to claim 7, wherein the

reporting being made by the mobile station is a
reporting made according to an automatic neighbour

relation function.

. The method according to any of claims 2 - 8, further

comprising the step of obtaining (62; 72) a system
communication identifier based on the broadcast
identifier and using the system communication
identifier for communicating with the other base

station.

The method according to any previous claim,
wherein the step of performing an interference
limitation activity comprises requesting (64; 74)
the other base station to perform af least one

interference limitation measure.
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11. The method according to any previous claim,
wherein the step of performing an interference
limitation activity comprises performing (66; 76) at

least one interference limitation measure.

12. The method according to claim 10 or 11, wherein
one interference limitation measure is a measure in
the group of adjust antenna tilt, adjust traffic
allocation, adjust downlink power and adjust

interval between uplink and downlink transmissions.

13. The method according to any previous claim,
wherein the system is a time division duplexing

system.

14. The method according to any previous claim,
wherein the system is a Universal Mobile

Telecommunication System.

15. The method according to any previous claim,

wherein the system is a Long Term Evolution System.

16. The method according to any previous claim,

wherein the base station is a Node B base station.

17. The method according to claim 16, wherein the base

station is an evolved Node B base station.

18. A base station (14) in a mobile communication
system (10) dperating according to a synchronised
time division scheme and comprising:

at least one antenna (26),
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a radio communication unit (24) for communicating

with mobile stations of the system via the antenna,

and

an interference investigating unit (28) comprising

5 a link quality measuring element (30) configured

to obtain link quality measurements that are
measured in the base station during uplink
communication (UL) between at least one mobile
station (12) and the base station,

10 a link quality evaluation element (32) configured
to compare link quality measurements of at least
one uplink channel with a link quality threshold
and determine that the uplink channel is
interfered by another base station (20) if the

15 link quality threshold is exceeded, _

a baée station identifying element (34) configured

to identify the other base station via signals

(SIB) broadcast by the other base station, and

an interference limiting element (36) configured
20 to perform an interference limitation activity

based on the identification.

19. The base station according to claim 18, wherein
the base station identifying element is configured
25 to identify the other base station through obtaining
an identifier (ECGI) broadcast by the other base

station.

20. The base station according to claim 19, wherein

30 the identifier is a cell identifier.
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The base station according to claim 20, wherein

the identifier is a global cell identifier.

The base station according to any of claims 18 -
21, wherein the base station identifying element 1is
configured to identify the other base station
through monitoring broadcasting being made by the

other base station.

. The base station according to claim 22, wherein

the monitoring is performed during a part of the
time division scheme allocated to uplink

communication.

The base station according to any of claims - 21,
wherein the base station identifying element is
configured to identify the other base station
through ordering a mobile station to monitor and
report broadcasting being made by the other base

station.

The base station according to claim 24, wherein
the reporting being made by the mobile station is a
reporting made according to an automatic neighbour

relation function.

The base station according to any of claims 19 -
25, wherein the base station identifying element is
configured to obtain a system communication
identifier based on the broadcast identifier for use

in communication with the other base station.
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The base station according to any of claims 18 -
26, wherein the interference limiting element, when
performing an interference limitation activity, is
configured to request the other base station to

perform at least one interference limitation measure.

The base station according to any of claim 18 - 27,
wherein the interference limiting element, when
performing an interference limitation activity, is
configured to perform at least one interference

limitation measure.

The base station according to claim 27 or 28,
wherein an interference limitation measure is a
measure in the group of adjust antenna tilt, adjust
traffic allocation, adjust downlink power and adjust

interval between uplink and downlink transmissions.

The base station according to any of claims 18 -
29, wherein the system is a time division duplexing

system.

The base station according to any of claims 18 -
30, wherein the system is a Universal Mobile

Telecommunication System.

The base station according to any of claims 18 -
31, wherein the system is a Long Term Evolution

System.
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The base station according to any of claims 18 -
32, wherein the base station is a Node B base

station.

The base station according to claim 33, wherein

the base station is an evolved Node B base station.

A computer program product for handling
interference in a mobile communication system (10)
operating according to a synchronised time division
scheme, the computer program product comprising
computer program code (80) on a data carrier (78)

which when run on a processor forming an

‘interference investigating unit (28) of a base

station (14), causes the interference investigating
unit to:

obtain link quality measurements that are measured
in the base station during uplink communication (UL)
between at least one mobile station (12) and the
base station,

compare link quality measurements of at least one
uplink channel with a link quality threshold,
determine that the uplink channel is interfered by
another base station (20) if the 1link quality
threshold is exceeded,

identify the other base station via signals (SIB)
being broadcast by the other base station, and
perform an interference limitation activity based on

the identification.



WO 2012/113098 PCT/CN2011/000285

1/5




WO 2012/113098 PCT/CN2011/000285
2/5
26
BS
14
| LOME |
|
1o |22
28 (==t
LOEE]
e
BSIE
CI 34
29 JO
{TLE |
' 36 |
\
FIG

FIG.

3




WO 2012/113098 PCT/CN2011/000285

3/5

SE 0O SE S SE 1
A A ’

N J N J
h'd Y
DL UL t
SF 0 SE S SF 1 g
A A A
r N Y A

CS1[sfg ]|DP|GP |UP

VT e

DL UL FIG. 4

OBTAIN UL LINK QUALITY MEASUREMENTS |44

A

46
COMPARE WITH LOTH L
48 50

L

END

52
Y

INTERFERENCE FROM OTHER BS

54

A 4

OTHER BS //56
PERFORM INTERFERENCE LIMITING ACTIVITY
FIG. ©

IDENTIFY




WO 2012/113098 PCT/CN2011/000285

4/5

SIB

T~ ECGI
FIG. b5
- 52
INTERFERENCE FROM OTHER BS v
58
v /
MONITOR BROADCAST SIB 0
v /
IDENTIFY ECGI
///62
OBTAIN IP ADDRESS BASED ON ECGI
! 64
REQUEST OTHER BS TO PERFORM
I ACTIVITIES
66

A

PERFORM OWN IL ACTIVITIES

CFIG. 7



WO 2012/113098 PCT/CN2011/000285

5/5

52
INTERFERENCE FROM OTHER BS
ORDER MS TO MONITOR AND .
REPORT BROADCAST SIB 7
| 70
RECIEVE ECGI e
/72
OBTAIN IP ADDRESS BASED ON ECGI
1 74
REQUEST OTHER BS TO PERFORM IL
ACTIVITIES
76

A

PERFORM OWN IL ACTIVITIES

FIG. 8§

80

78

FIG. 9



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2011/000285

A. CLASSIFICATION OF SUBJECT MATTER

HO04B1/707(2006.01)i
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)

IPC:H04B1/-H04B7/-H04B1/-;H04J13/-

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 practicable, search terms used)

CNABS;CNKIL VEN: TDD,TD-SCDMA,TDMA time.division,synchroniz+,interference,base,station, BS,uplink,backward, neighbor,inter,

cell,remov+ limit+,cancel+

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

US2008064432A1 (SAMSUNG ELECTRONICS CO LTD)
13 Mar. 2008 (13.03.2008)

X Description paragraph [0026]-paragraph[0047] 1,6,13,16,18,23.30,33.35
A The same as above 2-5,7-12,14-15,17,19-22.24-29,31-32 34
A WO0O2010063137A1(TELEFONAKTIEBOLAGET ERICSSON L M) 1-35

10 Jun. 2010 (10.06.2010) the whole document

X Further documents are listed in the continuation of Box C. X 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 or theory underlying the

considered to be of particular relevance invention
“E” earlier application or patent but published on or after the “X” document of particular relevance; the claimed invention
international filing date cannot be considered novel or cannot be considered to involve

. L : an inventive step when the document is taken alone
“L”  document which may throw doubts on priority claim (S) or

which is cited to establish the publication date of another
citation or other special reason (as specified)

“Y” document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such

“O”  document referring to an oral disclosure, use, exhibition or documents, such combination being obvious to a person
other means skilled in the art

“P” document published prior to the international filing date “&”document member of the same patent family

but later than the priority date claimed

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

15 Nov. 2011 (15.11.2011) 08 Dec. 2011 (08.12.2011)

IName and mailing address of the ISA/CN Authorized officer
The State Intellectual Property Office, the PR.China
6 Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, China YAN , Yan

100088
Facsimile No. 86-10-62019451 Telephone No. (86-10)62411411

Form PCT/ISA /210 (second sheet) (July 2009)




International application No.

INTERNATIONAL SEARCH REPORT

PCT/CN2011,/000285
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CN1956342A (UNIV BEITING POSTS & TELECOM) 02 May 2007 (02.05.2007) 1-35

The whole document

Form PCT/ISA /210 (continuation of second sheet ) (July 2009)



INTERNATTIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2011,/000285
Patent Documents referred Publication Date Patent Family Publication Date
in the Report
US2008064432A1 13.03.2008 KR20080022652A 12.03.2008
KR10951382B 08.04.2010
KR951382B1 08.04.2010
WO2010063137A1 10.06.2010 EP2359498A1 24.08.2011
US2011228711A1 22.09.2011
CN1956342A 02.05.2007 NONE

Form PCT/ISA /210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report

