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(57) Abstract

A method of reducing co—channel interference in a cellular
telecommunication system having a congested serving cell, a plurality
of neighbor cells controlled by a mobile switching center (MSC),
and an accessing mobile station attempting to access the cellular
system in the serving cell. The MSC fetches (16) signal strength
information from mobile stations camped on the serving cell’s digital
control channel (DCCH). The signal strength information includes
received signal strengths at the camped mobile stations from the
serving cell and the neighbor cells. The MSC then fetches (27)
signal strength information from busy mobile stations involved in
on-going calls in the serving cell. For each busy and camped mobile
station, the expected downlink signal strength from each neighbor
cell is subtracted from the maximum downlink signal strength from
the serving cell (28). The mobile station/neighbor cell combination
with the numerically least difference causes the least co—channel
interference when the identified mobile station is moved into the
identified neighbor cell. If the identified mobile station is the accessing
mobile station (34), the MSC redirects the accessing mobile station
to access the cellular system in the identified neighbor cell. If the
identified mobile station is a busy mobile station involved in a call, the
MSC forces a handoff of the identified mobile station to the identified
neighbor cell.

ACCESSIN
MOBILE STATION; &

USER ORIGINATION~13
ORIGINATION REQUEST
15

TR
ORIGINATION
ACCESS - FETCH
MACA INFORMATION

ORIGINATION
ORIGINATION
PROCEEDIN
24
[QUEUE UPDATEZ
31

SCAN MS/NEIGHBORING
CELLLIST FOR FIRST
AVAILABLE CHANNEL

14

23

QUEUE

D NO 30
. HAND OFF IDENTIFIED! 45
MS TO TARGET CELL




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
Cu
Cz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Iceland

Italy

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
TJ
™
TR
TT
UA
UG
us
Uz
VN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

WO 99/60811

METHOD OF SELECTIVELY DIRECTING
A MOBILE STATION TO RETRY SYSTEM ACCESS
IN A RADIO TELECOMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION

Technical Field of the I )
This invention relates to telecommunication systems and, more particularly,
to a method of selectively directing a mobile station to retry system access in a radio

telecommunication system.

Descrifi Related

Existing cellular radio telecommunication systems perform a function known
as directed retry. If a particular cell is congested (i.c., all of the cell's traffic channels
are occupied) when a mobile station (MS) attempts to access the system, the serving
mobile switching center (MSC) may direct the MS to retry the access in a neighboring
cell. When a directed retry is performed, there can be an adverse impact on the level
of co-channel interference when the MS begins operating in a different cell than the
cell with the best signal strength. This, in turn, may cause a decrease in the general
voice quality achieved in the system.

Although there are no known prior art teachings of a solution to the
aforementioned deficiency and shortcoming such as that disclosed herein, U.S. Patent
Numbers 5,509,051 to Barnett et al. (Barnett); 5,287,545 to Kallin (Kallin); and
5,497,504 to Acampora et al. (Acampora); and UK Patent Application GB 2,287,614A
to Ueno et al. (Ueno) discuss subject matter that bears some relation to matters
discussed herein.

Barnett discloses a method of prioritizing neighboring cells for handoff in a
cellular telecommunication system. In FIG. 3, the method is shown to involve
comparing the signal strength in the serving cell to the signal strength in each
neighboring cell, and establishing a graph with a handoff region. Neighboring cells
are then prioritized by signal strength, with cells falling to the right side of the graphed

handoff region having higher priority for handoff. Barnett, however, does not teach
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or suggest a method within a mobile switching center (MSC) which collects signal
strength measurements (of the serving cell and of neighboring cells) both from MSs
which are involved in calls and from MSs which are currently camped on the Digital
Control Channel (DCCH) waiting for system access. Likewise, Barnett does not teach
or suggest a method which utilizes this measurement information to either handoff
MSs currently involved in calls or redirect the access of camped MSs to target cells
in such a way as to minimize co-channel interference in the cellular system.

Kallin discloses a method and apparatus for advanced directed retry in which
a directed retry message is sent to a mobile station which attempts to access a cellular
system in a first cell which is congested. The mobile station then attempts to access
the system in a second cell, but if a traffic channel becomes available in the first cell,
the call is established in the first cell, thereby reducing interference in the system.
However, Kallin does not teach or suggest a method which collects signal strength
measurements (of the serving cell and of neighboring cells) both from MSs which are

involved in calls and from MSs which are currently camped on the DCCH waiting for

‘ system access. Additionally, Kallin does not teach or suggest a method which utilizes

this measurement information to calculate whether to hand off a MS currently
involved in a call or redirect an accessing MS to a target neighbor cell in such a way
as to minimize co-channel interference in the cellular system.

Acampora discloses a system and method for controlling admission of new
calls to a cellular telecommunication system. New calls are admitted or rejected on
the basis of a number of factors such as classes of calls, number of calls in each class
in each cell-cluster, traffic characteristics, quality-of-service requirements for each
class, and scheduling policies at each base station. However, Acampora does not teach
or suggest a method which collects signal strength measurements both from MSs
which are involved in calls and from MSs which are currently camped on the DCCH
waiting for system access. Likewise, Acampora does not teach or suggest a method
which then calculates whether to hand off a MS currently involved in a call or to
redirect an accessing MS to a target neighbor cell in such a way as to minimize co-
channel interference in the cellular system.

Ueno discloses a method which enables a mobile station user to determine

whether a handoff is to be performed in a cellular telecommunications network. A
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signal transmitted from the mobile station to the network causes the network to switch
or hold the voice channel accordingly. However, Ueno does not teach or suggest a
method which collects signal strength measurements both from MSs which are
involved in calls and from MSs which are currently camped on the DCCH waiting for
system access. In addition, Ueno does not teach or suggest a method which then
calculates whether to hand off a MS currently involved in a call or to redirect an
accessing MS to a target neighbor cell in such a way as to minimize co-channel
interference in the cellular system.

Review of each of the foregoing references reveals no disclosure or suggestion
of a system or method such as that described and claimed herein.

In order to overcome the disadvantage of existing solutions, it would be
advantageous to have a method of collecting signal strength measurements from MSs
which are involved in calls and from MSs which are currently camped on the DCCH
waiting for system access. In addition, the method would then calculate whether to
hand off a MS currently involved in a call or to redirect an accessing MS to a target
neighbor cell in such a way as to minimize co-channel interference in the cellular

system. The present invention provides such a method.

SUMMARY OF THE INVENTION
In one aspect, the present invention is a method of reducing co-channel
interference in a cellular telecommunication system having a congested serving cell,
a plurality of neighbor cells controlled by a mobile switching center (MSC), and an
accessing mobile station attempting to access the cellular system in the serving cell.
The invention is applicable to any cellular system that can measure downlink signal
strength from neighboring cells on both the control channel and the traffic channel.
The preferred embodiment is described in terms of systems operating under IS-136.
The method begins by camping the accessing mobile station on the serving cell's
| digital control channel (DCCH), and fetching signal strength information from the
accessing mobile station, the signal strength information including received signal
strength at the accessing mobile station from the serving cell and the neighboring cells.
This is followed by fetching signal strength information from a plurality of busy

mobile stations involved in on-going calls in the serving cell, the signal strength
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information including received signal strength at each busy mobile station from the
serving cell and the neighboring cells. This is followed by identifying a mobile
station/target cell combination which causes the least co-channel interference when an
identified mobile station is moved into an identified target cell. The MSC then
determines whether the identified mobile station is the accessing mobile station, and
if so, redirects the identified mobile station to access the cellular system in the
identified target cell. If the MSC determines that the identified mobile station is a
busy mobile station involved in a call, the method forces a handoff of the identified
mobile station to the identified target cell.

The mobile station/target cell combination which causes the least co-channel
interference may be identified by finding the difference, for each busy and camped
mobile station in the network, between the maximum downlink si gnal strength from
the serving cell, and the expected downlink signal strength from each neighboring cell.
The method then identifies the mobile station/target cell combination for which the

signal strength difference is numerically least.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood and its numerous objects and
advantages will become more apparent to those skilled in the art by reference to the
following drawings, in conjunction with the accompanying specification, in which:

FIG. 1 (Prior Art) is an illustrative drawing of a network of cells in a typical
cell plan in a cellular radio telecommunication system;

FIG. 2 is an illustrative drawing of a row of contiguous cells in the coverage
area of a cellular radio telecommunication system suitable for implementing the
method of the present invention;

FIG. 3 is an illustrative drawing of the row of contiguous cells of FIG. 2 when
one of the cells is congested,;

FIG. 4 is a flow chart illustrating the steps in the preferred embodiment of the
present invention during an originating access by a mobile station; and

FIG. 5 1s a flow chart illustrating the steps in the preferred embodiment of the

present invention during a terminating access by a mobile station.
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DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 is an illustrative drawing of a network of cells in a typical cell plan in
a cellular radio telecommunication system. Each cell is labeled with a frequency
designation, thereby generating a 7/21 frequency reuse plan. In order to minimize co-
channel interference, a reuse distance is defined for the network, and base stations
using the same frequencies are separated by the reuse distance. In FIG. 1 it can be
seen, for example, that cells utilizing frequency C1 are separated by the reuse distance.

FIG. 2 is an illustrative drawing of a row of contiguous cells 1-6 in the
coverage area of a cellular radio telecommunication system suitable for implementing
the method of the present invention. Base stations are illustrated as being in the center
of each cell. In order to minimize co-channel interference, cells operating on the same
frequency are separated by intervening cells which operate on different frequencies.
In the example illustrated in FIG. 2, three frequencies are utilized. Cells 1 and 4
operate on frequency F1; cells 2 and 5 operate on frequency F2; and cells 3 and 6
operate on frequency F3. Thus, co-channel base stations are separated by three cell
widths from each other.

FIG. 3 is an illustrative drawing of the row of contiguous cells 1-6 of FIG. 2
when one of the cells (cell 4) is congested. For exemplary purposes, assume that cell
4 operating on frequency F1 has three digital traffic channels (DTCs), and there are
four MSs in cell 4: MS1-MS4. MS1, MS2, and MS3 are all engaged in calls. MS4
then attempts to access the system, but there is congestion because the three channels
are occupied. In existing systems with directed retry capability, a number of directed
retry cells are defined for the serving cell 4 (for example, cell 3 and cell 5). When
MS4 is denied access due to congestion in cell 4, a list of the directed retry cells is sent
to MS4. MS4 then tries to access the directed retry cell with the strongest signal
strength. However, MS4 is illustrated very close to the base station for cell 4, and
regardless of which directed retry cell MS4 accesses, the reuse distance will be
substantially reduced. For example, if MS4 accesses cell 5, then MS4 would be
operating on frequency F2 much closer to cell 2, the co-channel cell operating on
frequency F2. Instead of a 3-cell separation, there would only be a 2-cell separation.
This could cause higher co-channel interference and lower voice quality. Likewise,

the reuse distance is similarly reduced if MS4 accesses cell 3. MS4 would then be
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operating on frequency F3 much closer to cell 6, the co-channel cell operating on
frequency F2. Once again, instead of a 3-cell separation, there would only be a 2-cell
separation, leading to higher co-channel interference and lower voice quality.

The present invention utilizes signal strength information from MS1-MS4 to
determine whether to redirect MS4 to cell 3 or cell 5, or hand off MS1 , MS2, or MS3
to make room for MS4 in cell 4. As noted above, if MS4 were to be redirected to cell
3 or cell 5, then the reuse distance would be substantially reduced. This could cause
higher co-channel interference and lower voice quality. Therefore, it is better to hand
off MS2 to cell 5, for example, and provide MS4 with access in cell 4.

MS1 is shown to be operating in cell 4 near the border with cell 3. Thus, an
alternate solution is to force a handoff of MS1 to cell 3, and utilize the freed up
channel in cell 4 to provide access to MS4. Co-channel interference will not be greatly
impacted. Likewise, MS3 could be handed off to cell 5 and the freed up channel in
cell 4 utilized to provide access to MS4. Co-channel interference may only be slightly
affected. The present invention normally selects the MS/cell combination that
provides the lowest interference situation. For the situation in which the voice quality
impacts are the same for more than one MS/cell combination, it is preferable to retain
an ongoing call on its existing channel and redirect the accessing MS to another cell
with equivalent signal strength to the signal strength in the accessed cell.

In order to make the decisions regarding the potential effect on co-channel
interference, the MSC needs signal strength information from mobile stations involved
in calls as well as mobile stations which are camped on the Digital Control Channel
(DCCH) awaiting access. In a procedure called Mobile Assisted Handoff (MAHO),
MSs which are involved in calls report received signal strengths from their serving cell
and neighboring cells in order to assist in the handoff decision. In a procedure calied
Mobile Assisted Channel Allocation (MACA), MSs which are caniped on the DCCH
measure signal strengths from their serving cell and neighboring cells and report the
measurements to the MSC.

In the situation illustrated in FIG. 3, the MSC utilizes MAHO information from
MS1, MS2, and MS3, and MACA information from MS4 to determine potential levels
of interference, and make a decision regarding which MS to hand off or redirect.

FIG. 4 is a flow chart illustrating the steps in the preferred embodiment of the

PCT/SE99/00746
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present invention during an originating access by a mobile station. The column on the
left is what transpires in a MS 11 which is performing an originating access in the
cellular system, and the column on the right illustrates corresponding steps performed
in the serving MSC and/or base station (MSC/BS) 12. At step 13, a user makes an
origination. An origination is begun in the accessing MS at 14, and an origination
request message 15 is sent through the base station to the MSC. At 16, the MSC/BS
begins an originating access and fetches the MACA signal strength information from
the accessing MS 11. At step 18, the MSC/BS determines whether there is congestion
in the cell where the accessing MS is located. If not, the MS is provided access at 19.
However, if there is congestion, the MSC/BS starts a queue update process at 21 and
sends a queue update message 22 to the accessing MS which informs the MS that there
is currently no channel available.

In an IS-136 implementation, the accessing MS, which has been in the
origination proceeding state at 23, receives the queue update message at 24, and then
goes into the DCCH camping state at 25 and waits for more information. At step 26,
if there is a cell reselection for any reason while the MS is camping, the MS
automatically re-originates the call at step 14. For example, while camping, the MS
continuously measures the signal strength of neighboring cells, and if a better serving
cell is found, the MS reselects the better cell and automatically originates another call
through the new serving cell.

While the accessing MS 11 is camping, the process moves to step 27 where the
MSC fetches from the base station, the MAHO information for all the MSs involved
in calls in the congested cell. The MSC/BS then performs selective directed retry
calculations at 28 utilizing the MAHO information and the MACA information from
the accessing MS 11. For all the MSs, the expected downlink signal strength from
each neighboring cell is subtracted from the maximum downlink signal strength of the
serving cell. The MS/Neighboring cell combinations are sorted from the more
negative differences to the more positive differences. The MS/N eighboring cell
combination with the numerically least signal strength difference generally has the
least impact on the interference in the cellular system. From this list, the combination
with an expected downlink signal strength from the neighboring cell lower than a

predefined threshold is removed. If the same result is obtained for a MS accessing the
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system and a MS on an ongoing call, it is preferable to retain an ongoing call on its
existing channel and redirect the accessing MS to another cell with equivalent signal
strength to the signal strength in the accessed cell. The selective directed retry
calculations are described in more detail below.

The MSC/BS then determines at step 29 whether the accessing MS 11 is still
camping in the congested cell. The MS will not be in the congested cell any longer
if it has performed a cell reselection and, therefore, an automatic origination in a new
cell. If the MS is no longer in the congested cell, the process stops at 30. If the
accessing MS is still camping in the congested cell, the process moves to step 31
where the MS/Neighboring Cell list is scanned, starting from the top, to identify the
first cell where a channel is available to serve the call. At step 32, it is determined
whether an available channel is found. If no channel can be found, the process is
stopped at 33. Otherwise, the process moves to step 34 where it is determined whether
the MS identified by the selective directed retry calculations is the accessing MS 11.
If the identified MS is not the accessing MS 11, but is a MS which is already involved
in a call, the process moves to step 35 where the MSC/BS 12 hands off the identified
MS to the target cell. The process then moves to step 36.

Likewise, if it is determined at step 34 that the MS identified by the selective
directed retry calculations is the accessing MS 11, the process moves to step 36, where
the MSC/BS 12 sends a notification message to the accessing MS 11 directing the MS
to go to a state in which it can receive a DTC assignment message. The accessing MS
receives the notification message at 37 and goes into the waiting for order state at 38.
The MSC/BS then sends the accessing MS a DTC assignment message at 39 which
is received at 41. The DTC assignment message assigns the accessing MS to the
channel which produces the lowest level of interference in the cellular system. This
channel may be in the serving cell or a neighbor cell.

FIG. 5 is a flow chart illustrating the steps in the preferred embodiment of the
present invention during a terminating access by a mobile station. The column on the
left is what transpires in a MS 11 performing a terminating access in the cellular
system, and the column on the right illustrates corresponding steps performed in the
serving MSC/BS 12. At step 51, the MSC/BS 12 pages the MS 11. A paging signal

52 is sent through the base station over the air interface and is received at the MS at
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53. The MS responds to the page at 54, and a page response 55 is transmitted over the
air interface through the base station to the MSC. At 56, the MSC/BS receives the
page response and fetches the MACA signal strength information from the accessing
MS 11. At step 57, the MSC/BS determines whether there is congestion in the cell
where the accessing MS is located. If not, the MS is provided access at 58. However,
if there is congestion, the MSC/BS starts a queue update process at 59 and sends a
queue update message 60 to the accessing MS which informs the MS that there is
currently no channel available.

In an IS-136 implementation, the accessing MS, which has been in the waiting
for order state at 61, receives the queue update message at 62, and then goes into the
DCCH camping state at 63 and waits for more information. At step 64, if there is a
cell reselection for any reason while the MS is camping, the preferred embodiment
implements an auto-page response in the MS in which the MS automatically returns
to step 54 and sends another page response to the new serving cell. This enables the
cellular system to track the MS at the cell level in a manner similar to the auto-
origination procedure.

While the accessing MS 11 is camping, the process moves to step 65 where the
MSC 12 fetches from the base station, the MAHO information for all the MSs
involved in calls in the congested cell. The MSC/BS then performs selective directed
retry calculations at 66 utilizing the MAHO information and the MACA information
from the accessing MS 11. As previously described, for all the MSs, the expected
downlink signal strength from each neighboring cell is subtracted from the maximum
downlink signal strength of the serving cell. The MS/Neighboring cell combinations
are sorted from the more negative results to the more positive results. The
MS/Neighboring cell combination on the top of the sorted list is expected to have the
least impact on the interference in the system. From this list, the combination with an
expected downlink signal strength from the neighboring cell lower than a predefined
threshold is removed. If the same result is obtained for a MS accessing the system and
a MS on an ongoing call, it is preferable to retain an ongoing call on its existing
channel and redirect the accessing MS to another cell with equivalent signal strength
to the signal strength in the accessed cell. The selective directed retry calculations are

described in more detail below.
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The MSC/BS then determines at step 67 whether the accessing MS 11 is still
camping in the congested cell. The MS will not be in the congested cell any longer
if 1t has performed a cell reselection and, therefore, an automatic page response. Ifthe
MS is no longer in the congested cell, the process stops at 68. If the accessing MS is
still in the congested cell, the process moves to step 69 where the MS/Neighboring
Cell list is scanned, starting from the top, to identify the first cell where a channel is
available to serve the call. At step 70, it is determined whether an available channel
is found. If no channel can be found, the process is stopped at 71. Otherwise, the
process moves to step 72 where it is determined whether the MS identified by the
selective directed retry calculations is the accessing MS 11. If the identified MS is not
the accessing MS 11, but is a MS which is already involved in a call, the process
moves to step 73 where the MSC/BS 12 hands off the identified MS to the target cell.
The process then moves to step 74.

Likewise, if it is determined at step 72 that the MS identified by the selective
directed retry calculations is the accessing MS 11, the process moves to step 74, where
the MSC/BS 12 sends a notification message to the accessing MS 11 directing the MS
to go to a state in which it can receive a DTC assignment message. The accessing MS
receives the notification message at 75 and goes into the waiting for order state at 76.
The MSC/BS then sends the accessing MS a DTC assignment message at 77 which
is received at 78. The DTC assignment message assigns the accessing MS to the
channel which produces the lowest level of interference in the cellular system. This
channel may be in the serving cell or a neighbor cell.

The selective directed retry calculations of step 28 (FIG. 4) and step 66 (FIG.
5) begin by calculating the maximum downlink serving signal strength (MaxServSS)
of all MSs in the cell utilizing the equation:

MaxServSS; = SSserv; + ATT, - BOqc pre, Where:

(a) SSserv, is the measured downlink signal strength on the serving channel
for MS,. (units = dBm). This factor is obtained from the MAHO information for MSs
connected to a DTC, and from the MACA information for MSs camping on the
DCCH.

(b) ATT, is the attenuation of power relative to the maximum transmitted

power on the DTC for MS.. This factor takes into account the attenuation from any
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downlink power control algorithm. (units = dB). Note: ATT,; =0 for a MS accessing
the cellular system.

(¢) BOcc.prc is the difference between the maximum transmitted power on the
control channel and the maximum transmitted power on the DTC. (units = dB).
Note: BOccpre = 0 for MSs connected to a DTC. "Transmitted power" refers to the
downlink power measured at the base station antenna terminal.

Each MS in the cell is identified by a number, and each neighboring cell is
identified by another number. The expected downlink signal strength (ExpNeighSS)
for each MS from each neighboring cell is calculated utilizing the equation:

ExpNeighSS;; = SSNeigh, ; - BO py;, Where:

(a) 1= the MS number.

(b) j = the neighbor cell number.

(c) SSNeigh,; is the measured downlink signal strength for MS; from neighbor
cell,. (units = dBm). This factor is obtained from MAHO information for MSs
connected to a DTC, and from the MACA information for MSs camping on the
DCCH.

(d) BOcc pr; is the difference between the maximum transmitted power on the
control channel and the DTCs of neighbor cell;. (units = dB).

The difference (Diff;) is then calculated between the maximum downlink
signal strength on the serving channel for each MS and the expected downlink si gnal
strength for each MS from each neighboring cell utilizing the equation:

| Diff;; = MaxServSS; - ExpNeighSS,; i

The calculated differences are then sorted and placed in an ascending list
starting with the numerically least difference (i.e., from the more negative results to
the more positive results). For example, assume MS, and MS, are in a serving cell
(ie.,1=1,2), and there are two neighboring cells, Neighbor Cell, and Neighbor Cell,
(i.e.,j=1,2). There are four possible MS/Neighbor cell combinations, and the Diff;
calculation may result in differences of -10, -5, -3, and +10 for the four possible
MS/Neighbor cell combinations. The list would then be sorted in the following
manner, and MS/Neighbor cell combination i,j = 1,2 is identified as causing the least

interference in the cellular system.

PCT/SE99/00746



WO 99/60811 PCT/SE99/00746

-12-
MS, Neighbor Cell, Diff,, =-10
MS, Neighbor Cell, Diff,, = -5
MS, Neighbor Cell, Diff, ;= -3
MS, Neighbor Cell, Diff,, =+10

It is thus believed that the operation and construction of the present invention
will be apparent from the foregoing description. While the method shown and
described has been characterized as being preferred, it will be readily apparent that
various changes and modifications could be made therein without departing from the

10 scope of the invention as defined in the following claims.
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WHAT IS CLAIMED IS:
1. A method of reducing co-channel interference in a cellular

telecommunication system having a congested serving cell, a plurality of neighbor
cells controlled by a mobile switching center (MSC), and an accessing mobile station
attempting to access the cellular system in the serving cell, said method comprising

the steps of:

camping the accessing mobile station on the serving cell's digital control
channel (DCCH); |

fetching signal strength information from the accessing mobile station, said
signal strength information including received signal strength at the accessing mobile
station from the serving cell and the neighbor cells;

fetching signal strength information from a plurality of busy mobile stations
involved in on-going calls in the serving cell, said signal strength information
including received signal strength at each busy mobile station from the serving cell
and the neighbor cells;

identifying a mobile station/neighbor cell combination which causes the least
co-channel interference when an identified mobile station is moved into an identified
neighbor cell;

determining in the MSC whether the identified mobile station is the accessing
mobile station;

redirecting the identified mobile station to access the cellular system in the
identified neighbor cell, upon determining that the identified mobile station is the
accessing mobile station; and

forcing a handoff of the identified mobile station to the identified neighbor cell,
upon determining that the identified mobile station is a busy mobile station involved

in a call.

2. The method of reducing co-channel interference of claim 1 wherein
said step of identifying a mobile station/neighbor cell combination which causes the

least co-channel interference includes the steps of:
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finding a difference, for each mobile station in the network, between the
maximum downlink signal strength of the serving cell and the expected downlink
signal strength from each neighbor cell; and

identifying a mobile station/neighbor cell combination for which the difference
between the maximum signal strength of the serving cell and the expected signal

strength from the neighbor cell is numerically least, the combination identifying the

identified mobile station and the identified neighbor cell.

3. The method of reducing co-channel interference of claim 1 further
comprising, after the step of identifying a mobile station/neighbor cell combination
which causes the least co-channel interference, the steps of:

determining whether the accessing mobile station is still in the serving cell; and

stopping the process upon determining that the accessing mobile station is no

longer in the serving cell.

4. The method of reducing co-channel interference of claim 3 wherein the
step of determining whether the accessing mobile station is still in the serving cell
includes determining that the accessing mobile station has performed a cell reselection

and an automatic origination in one of the neighbor cells.

5. The method of reducing co-channel interference of claim 3 wherein the
step of determining whether the accessing mobile station is still in the serving cell
includes determining that the accessing mobile station has performed a cell reselection

and an automatic page response in one of the neighbor cells.

6. The method of reducing co-channel interference of claim 1 further
comprising, after the step of fetching signal strength information from the accessing
mobile station, the steps of:

determining whether the serving cell is still congested; and

providing access to the accessing mobile station upon determining that the

serving cell is no longer congested.
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7. A method of minimizing co-channel interference in a cellular
telecommunication system having a congested serving cell, a plurality of neighbor
cells controlled by a mobile switching center (MSC), a plurality of buéy mobile
stations engaged in calls, and a plurality of accessing mobile station attempting to
access the cellular system in the serving cell, said method comprising the steps of:

fetching signal strength measurements from each of the plurality of accessing
mobile stations, said signal strength measurements including received signal strength
at each of the accessing mobile stations from the serving cell and the neighbor celis;

fetching signal strength measurements from each of the plurality of busy
mobile stations, said signal strength measurements including received si gnal strength
at each of the busy mobile stations from the serving cell and the neighbor cells; and
minimizing co-channel interference in the cellular system, said minimizing
step comprising the steps of:
identifying a mobile station/neighbor cell combination for which a
difference between the maximum downlink signal strength of the serving cell and the
expected downlink signal strength from each neighbor cell is the numerically least of
all possible mobile station/neighbor cell combinations; and

moving the identified mobile station to the identified neighbor cell.

8. The method of minimizing co-channel interference of claim 7 wherein
the step of moving the identified mobile station to the identified neighbor cell includes
the steps of:

determining in the MSC whether the identified mobile station is one of the
plurality of accessing mobile stations;

redirecting the identified mobile station to access the cellular system in the
identified neighbor cell, upon determining that the identified mobile station is one of
the pluralityvof accessing mobile stations; and

forcing a handoff of the identified mobile station to the identified neighbor cell,
upon determining that the identified mobile station is one of the plurality of busy

mobile stations.

9. The method of minimizing co-channel interference of claim 7 wherein
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the step of minimizing co-channel interference in the cellular system includes
calculating the maximum downlink signal strength of the serving cell (MaxServSS,)
utilizing the equation:

MaxServSS; = SSserv; + ATT; - BOgc pres
where SSserv; is the measured downlink signal strength on the serving channel for a
mobile station (MS)), ATT; is attenuation of power on the serving channel relative to
the maximum transmitted power on the digital traffic channel (DTC) for MS,, and
BOcc.prc 1s the difference between the maximum transmitted power on the digital

control channel (DCCH) and the maximum transmitted power on the DTC.

10.  The method of minimizing co-channel interference of claim 7 wherein
the step of minimizing co-channel interference in the cellular system includes
calculating the expected downlink signal strength from each neighbor cell
(ExpNeighSS, ) utilizing the equation:

ExpNeighSS;; = SSNeigh,; - BOcc prgj»
where SSNeigh,; is the measured downlink signal strength for MS, from neighbor cell;,
and BOcc py; is the difference between the maximum transmitted power on the digital
control channel (DCCH) of neighbor cell; and the digital traffic channels (DTCs) of

neighbor cell,.



FIG. 1




PCT/SE99/00746

2/4

WO 99/60811




WO 99/60811 PCT/SE99/00746
3/4

FIG. 4

ACCESSING |_44
MOBILE STATION

USER ORIGINATION[~13

MSC/B3-12

ORIGINATION REQUES ORIGINATION
——IORIGINATION% —— > ACCESS - FETCH |~16
” | 15 MACA INFORMATION
|
| 18
ORIGINATION]-_o3 | NO
PROCEEDING : CONGESTIO
t)
21 | fes  [PROVIDE
( QUEUE UPDATE ACCESS
[QUEUE UPDATES = | QUEUE UPDATE
25 | pe——————— J 1
“J{ DCCH || 315 FETCH MAFRO|_,7
CAMPING! ! =~ AN TS/NEIGHBORING INFORMATION
26 { CELL LIST FOR FIRST
il AVAILABLE CHANNEL SELECTIVE DIRECTED |~ »g
| RETRY CALCULATIONS
|
{ CHANNEL i
| AVAILABLE ~|YES NO
| [5T0P
[
33
: 3 STOP
! IDENTIFIED NO 30
| MS = ACCESSING
: Y
[ HAND OFF IDENTIFIED
_— - 35
- - 1 YES MS TO TARGET CELL
[NCTIFICATIONS~—}- OMEsei\\gS
1 !
38~ WAITING | e
FOR ORDER |
\ |
4~ DIC l < DIC
ASSIGNMENT .' ASSIGNMENT

' L9



WO 99/60811
4/4

PCT/SE99/00746

' 77

ACCESSING |4 ;
PAGERECEVED = 7  PAGE MS|~5!1
53 pAGERESPONSE  \PAGE RESPONSE-
—={PAGE RESPONSE% : T FETCH MACA [~56
54 |55 INFORMATION
|
Y
WAITING FORl g ! 7 0
ORDER : CONGESTIO
7
6 : ' PROVIDE
1 QUEUE UPDATE _ YES__ |AccEsS
[QUEUE UPDATES = f {QUEUE UPDATE] N
| ( _ 58
8 ¥ 1 e 59
“JDCCH || 69, " FETCHMAHO|__
CAMPING| | s AN TS /NETGHBORING INFORMATION]
64 g CELL LIST FOR FIRST |
i| AVAILABLE CHANNEL SELECTIVE DIRECTED
NO | RETRY CALCULATIONS
|
} CHANNEL
YES || AVAILABLE
SR
|
: 71 7 STOP
! IDENTIFIED
i MS = ACCESSING
: ‘
' HAND OFF IDENTIFIED
_— YE 73
75 L 1 S MS TO TARGET CELL
|NOTIF|CATION<<———L| Nodéggﬁgé)“
l \
76~ WATTING ! 4
FOR ORDER |
, l 5
78 DTC ' DTC
ASSIGNMENT ™ T~ \\ASSIGNMENT



INTERNATIONAL SEARCH REPORT

inte ‘onal Application No

PC1/SE 99/00746

A. CLASSIFICATION OF SUBJECT MATTER

IPC 6  H04Q7/38

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbois)

IPC 6 HO4Q

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)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Citation of document. with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 4 670 899 A (BRODY ET AL.)
2 June 1987 (1987-06-02)
abstract

A US 4 669 107 A (ULF
L.K.ERIKSSON-LENNARTSSON)

26 May 1987 (1987-05-26)

column 2, line 3 - line 65; figures 1,2

A EP 0 182 027 A (BOSCH GMBH)
28 May 1986 (1986-05-28)
claim 3; fiqgure 1

A GB 2 260 242 A (TELEFONAKTIEBOLAGET

L.M.ERICSSON) 7 April 1993 (1993-04-07)
abstract

-/

1,7

1,7

1,7

1,7

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents :

considered to be of particular relevance
"E" earlier document but published on or after the international
filing date

“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)

invention

"T" later document published after the international filing date

wpn - - or priority date and not in conflict with the application but
A" document defining the general state of the art which is not citgd to gnderstand the principle or theory u%%eriying the

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

"0" document referring to an orai 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 internationai search

21 September 1999 28/09/1999

Date of mailing of the internationai search report

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nt,

Name and mailing address of the ISA ) Authorized officer

Fax: (+31-70) 340-3016 Danjelidis, S

Fom PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Inter »nat Application No

PCT/SE 99/00746

C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Citation ot document, with indication.where appropriate, of the relevant passages Relevant to claim No.
A WO 98 05175 A (TELEFONAKTIEBOLAGET LM 1,7
ERICSSON) 5 February 1998 (1998-02-05)
abstract

page 8, line 25 -page 9, line 18

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2



INTERNATIONAL SEARCH REPORT

[formation on patent family members

Inter!

‘onal Application No

PCT/SE 99/00746

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4670899 A 02-06-1987 CA 1235459 A 19-04-1988
US 4669107 A 26-05-1987 SE 458734 B 24-04-1989
' AU 585596 B 22-06-1989
AU 5608286 A 15-10-1987
GB 2189667 A,B 28-10-1987
SE 8405462 A 01-05-1986
EP 182027 A 28-05-1986 DE 3441722 A 15-05-1986
AT 75574 T 15-05-1992
DE 3585942 A 04-06-1992
DK 526585 A 16-05-1986
FI 854005 A,B, 16-05-1986
GB 2260242 A 07-04-1993 us 5293641 A 08-03-1994
AU 677474 B 24-04-1997
AU 1028995 A 23-03-1995
AU 658002 B 30-03-1995
AU 2611092 A 08-04-1993
CN 1073561 A,B 23-06-1993
CN 1121298 A 24-04-1996
IT 1255713 B 10-11-1995
MX 9205666 A 01-04-1993
SE 9202840 A 04-04-1993
WO 9805175 A 05-02-1998 AU 3713197 A 20-02-1998
GB 2331673 A 26-05-1999

Form PCT/ISA/210 (patent family annex) (July 1992}




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

