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(57) Abstract: A method for reducing interference between a mobile station (10) operating in time division duplex mode and a
mobile station (12) operating in frequency division duplex mode comprising, scanning (40) available frequency division duplex
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time division duplex frequency is available, a handover to the more remote time division duplex system is initiated (50).
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METHOD TO REDUCE INTERFERENCE BETWEEN MOBILES USING
DIFFERENT DUPLEX TECHNOLOGY

Field of the Invention

This invention relates to radio communications systems and more particularly to the

reduction of interference in mobile radio communications systems.

Background of the Invention

Cellular radio communication systems are well known. Such systems are, typically,
comprised of a number of cells, each having a base station with a service coverage
area, and a number of cellular telephones (communications units, also sometimes
referred to as mobile stations or MSs). The service coverage areas of adjacent cells
are typically arranged to partially overlap in such a manner as to provide a
substantially continuous coverage area in which a communications unit receiving
service from one cell may be handed off to an adjacent cell with no interruption in

service. The DECT European digital cellular system is an example of such a system.

The DECT system is a Time Division Multiple Access Time Division Duplex
(TDM/TDD) system. In the DECT system the same frequency is used both for uplink
(MS to base station) and downlink (base station to MS) communications in any one
call, with each frequency being divided into time frames to facilitate duplex (both

directions) communications.

In such radio communication systems, there is the potential for communications
between adjacent frequencies, adjacent cells and in some cases adjacent time periods,
to interfere with one another, thereby reducing the quality of the communication link.
Since adjacent cell sites operate on different frequencies, and since the present sites
are time multiplexed for those mobile stations operating at the same frequency, the

possibility of interference between mobile stations is reduced.

Other cellular systems are Frequency Division Duplex systems where, instead of the
transmissions being separated by time they are separated by frequency. In such

systems interference issues between two geographically close mobile stations using
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FDD duplex mode are well known and have been addressed by the radio

communications industry.

Two US patents dealing with handover between different systems have been
identified and the following summarises their content:

US Patent no 5737703: ‘Multi Mode Radio Telephone which Executes Handover
Between Different Systems’. This Patent deals with a radio telephone capable of
operating in more than one system, and so, comprising communications and control
means associated with each of the radio systems. The call may be handed over from
one system to another having the highest signal quality of the lowest cost. The
handover is carried out by continuing the communication with initial network until
communication with the second one is completely established. Moreover, audible
effects due to potential vocoders differences are inhibited by an appropriate filtering.
US Patent no 5659598: ‘Dual Mode Subscriber Terminal and a Handover Procedure
of the Dual Mode Subscriber Terminal in a Mobile Telecommunication Network’.
This patent deals with the more precise situation of a dual mode mobile capable to
operate both in a cordless telephone system and in a radio cellular system. It presents
in particular a method for performing handover between systems with network-
initiated handover and mobile-initiated handover. However, it should be noted that
these patents do not address compatibility issues between two geographically close
mobile stations operating with two different duplex technologies on the same system

and possibly with the same base station.

Future systems, however, for example the proposed UMTS system in Europe will use
both FDD and TDD duplexing technologies. New interference scenarios will arise
and must be addressed, such as those where mobile stations (MSs) operating with
different duplexing schemes are geographically close to each other.

Summary of the Invention

A method for reducing interference between a mobile station operating in time
division duplex mode and a station operating in frequency division duplex mode
comprising, scanning available frequency division duplex frequencies for a handover
to a frequency division duplex system. If a frequency division duplex frequency is

available, a handover is initiated to the frequency division duplex system.

In this manner, the risk of interference during handover between TDD and FDD

modes is reduced.
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Brief Description of the Drawings

FIG. 1 is a representation of an interference situation in which a mobile station
operating in Time Division Duplex mode is interfered with by a mobile station

operating in Frequency Division Duplex mode.
FIG. 2 shows an algorithm suitable for resolving the interference scenario of FIG. 1.

FIG. 3 is a representation of another interference situation in which an MS operating
in Frequency Division Duplex mode is interfered with by and MS operating in Time

Division Duplex mode.

FIG. 4 shows an algorithm suitable for resolving the interference scenario of FIG. 3.

Description of a Preferred Embodiment

In a system such as that described, in which both TDD and FDD duplexing modes are
used, it is assumed the mobile stations (MSs) generally will have the ability to operate
alternatively in both modes. Two different interference scenarios involving one MS
as a victim of another MS using a different duplex method are: a TDD MS interfered
with by an FDD MS; or an FDD MS interfered with by a TDD MS. (Obviously,
while the following is described in terms of two mobile stations, one station could be
fixed or relatively fixed, with the MS approaching to cause the interfering activity.) A

solution to each of these interference scenarios follows.

FIG. 1 is a representation of an interference situation in which a mobile station
operating in Time Division Duplex mode is interfered with by a mobile station

operating in Frequency Division Duplex mode.

The TDD MS 10 receives on frequency fl and the FDD MS 12 transmits at frequency
f2, which interferes with the TDD MS 10. For clarity, FIG. 1 shows two base
stations, one base station 14 operating in TDD mode and the other base station 16
operating in FDD mode. It should be noted that the same approach applies in the case

where there is one base station operating in both TDD and FDD modes.



WO 01/11908 PCT/EP00/07289

The solution to this interference probler-n 1s to r;quire the TDD MS 10 to handover to
the FDD system, leading to the known interference scenario involving two FDD MSs.
If the two MSs 10 and 12 belong to the same network, the victim MS 10 can make an
attempt to access the same cell as its interferer. If they belong to different networks,
the TDD MS 10 will search in priority another FDD candidate cell instead of trying
another TDD cell.

FIG.2 shows an algorithm suitable for resolving the interference scenario of FIG. 1.
The TDD MS 10 is interfered with on the downlink at 20. The interfered-with MS 10
scans the eligible FDD frequencies at 22 (eligible in this case meaning those
frequencies which otherwise meet the criteria for handover set by the system such as
signal quality, signal strength, etc.). The network or the MS, or both, will determine
whether the MS 10 can handover to an FDD cell.

If a handover is not possible an intra TDD handover is requested at 24. If a handover
to the FDD mode is possible, a handover request is made to the FDD mode at 26.

FIG. 3 is a representation of another interference situation in which an MS 30
operating in Frequency Division Duplex mode is interfered with by an MS 32
operating in Time Division Duplex mode. The FDD MS 30 receives on frequency f2.
The TDD MS 32 transmits at frequency f1. Once again, for clarity two base stations
are shown, but the same approach applies in the case where one base station operates
in both FDD and TDD modes.

The solution to this interference problem is to require the TDD MS 32 to determine
whether it is receiving an FDD uplink frequency at a level indicating that an FDD
mobile is transmitting in its vicinity. In that case the TDD MS 32 is potentially
interfering with the FDD MS 30 and the TDD MS 32 searches for an FDD cell to
make a handover attempt, leading again to the known interference scenario between
two FDD MSs. This handover will limit the risk of interference to other mobiles as

well, since other TDD mobiles may be operating on the same or nearby TDD cells.

FIG. 4 shows an algorithm suitable for resolving the interference scenario of FIG. 3.
The TDD MS 32 scans the FDD uplink frequencies at 40. If an uplink frequency is
being used at 42, the potential for interference exists and the TDD Ms scans the
eligible FDD frequencies at 44 to determine whether a handover to an FDD cell is

possible. 1f a handover to an FDD cell is possible, the handover is requested at 46.
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If a handover to an FDD cell is not possible, the TDD MS 32 scans the list of eligible

TDD frequencies at 48 as provided by the base station 36. If a frequency more remote
to the potentially-interfered-with FDD frequency is found a handover request is made

at 50. If a handover cannot be made the uplink scanning sequence 40 is begun again.

It is within the contemplation of the invention that other dual-mode communications
systems could benefit from the inventive concept described hereinbefore, for example,
if one or both modes of operation were time and frequency divided as occurs in Code
Division Multiple Access (CDMA) systems.

Thus in both interference scenarios the TDD MS is required to take action to avoid or
mitigate the interference. This is so since the potential for interference between two
TDD MSs is remote, as they are temporally separated, and because the solution to
FDD-FDD interference is known.

Hence, a method of operating a communications system employing both time divided
and frequency divided channels and operating modes is provided such that handover
between the two operating modes reduces interference in the communications system.
Furthermore, the operation of both communications units and communications

infrastructure have been described, detailing such a handover technique.
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Claims

1. A method for reducing interference between a mobile station (10) operating in
time division duplex mode and a mobile station (12) operating in frequency division

duplex mode, the method comprising the steps of:

scanning (40) by the time division duplex station, available frequency division duplex
frequencies for a handover to a frequency division duplex system, and

initiating (46) if a frequency division duplex frequency is available, a handover to the
frequency division duplex system.

2. A method as set forth in claim 1 wherein:

if no frequency division duplex frequency is available, scanning (48) time division
duplex frequencies more remote from the interfered with frequency division duplex

frequency; and

if a more remote time division duplex frequency is available, initiating (50) a
handover to the more remote time division duplex system.

3. A communication system providing communication channels and providing to
a plurality of mobile stations communicating on the communication systems at least
two operating modes including a first time division duplex operating mode and a
second frequency division duplex operating mode, wherein a mobile station (10, 12)
operating in the first or second operating mode is capable of scanning the alternative
operating mode and initiating a handover to the alternative operating mode if the

mobile station is suffering interference on its existing operating mode.

4. A mobile station capable (10, 12) of operating in both a time division duplex
mode and a frequency division duplex mode, the mobile station comprising scanning
means for scanning communications channels on an alternative operating mode when

communication on a channel in an existing mode is suffering from interference.
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5. A mobile station (10, 12) according to claim 4, further comprising initiating
means to initiate handover to a communication system providing the alternative
operating mode when communications on the existing mode are suffering

interference.
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