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. TITLE OF THE INVENTION
A method and arrangement of effectively reducing
signal strength measurements for a handoff in a cellular
mobile communications system
5 BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates generally to

improvements in a cellular mobile communications system,
and more specifically to a method and arrangement of
10 effectively reducing the number of electric field
strength measurements which are required for a handoff in
such a communications systeﬁ. The present invention
finds extensive use in the case where a service zone
(viz., cell) is sub-divided into smaller ones in order to
15 meet increase in the number of cellular subscribers.
Description of Related Art "

It is well known in the art to apply frequency reuse
in 2 mobile communications system in order to satisfy '
various objéctives'such as large subscriber capacity,

20 efficient spectrum use, widespread availability,
adaptability to traffic density, etc.

_ Frequenéy reuse réfers to fhe use of the same radio
carrier frequency in a number of different channels to
cover different areas which are separated from one

25 another by distances sufficient that objectionable
cochannel interference does not occur. The so called
cellular mobile communications system utilizes such a
concept. -

When a mobile unit, during a call, moves out of the

30 . service coverage of a particular land site, the signal
strength measured at the particular land site falls below
a handoff threshold level. Thus, the present land site
requests a MTSO (Moblle Telephone Switching Office) to
implement a handoff cr switch over the mobile unit to

35 another suitable nearby land site. The MTSO, in response
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to the handoff request, instrucfs the neighboring land
sites to measure the strength of the signal transmitted
from.the mobile unit to be handed off.

After each of the nearby land sites completes
measuring the signal strength of the mobile unit to be
handed off, the land site informs the MTSO of the
results. The MTSO checks the results which are received
and then implements a handoff if there is a land site to
which the mobile unit can be suitably handed off.

On the other hand, in order to meet the ever
increasing number of cellular subscribers, it is a
current practice to subdivide each cell into smaller onés
(viz., so~-called micro-cells).

This cell subdividing, however, inevitably increases
the total number of handoff requests. In addition to
this, upon a handoff request being generated from a given
land site, the MTSO has to instruct the signal strength’
measurement for tha handoff to the land sites the number
of which is relatively large as compared with the case
where the cell is not subdivided. In more specific
terms, the MTSO is required to implement a handoff _
without failure even though a mobile unit moves at a high
speed from cell fo cell without cutting off
communication. Accordingly, the MTSO instructs a
relatively large number of land sites which includes, in
addition to the land sites surrounding the land site

.which issued a handoff request, another land sites which

are located outside the surrouhding ones.

The increase in the number of the signal strength
measurements for a handoff, undesirably renders complex
the overall system arrangement because of the increase in
the number of traffics for measuring the signal strength
for the handoff. ' _

It is therefore highly desirable to reduce the

number of signal strength measurements in the case where
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a mobile unit moves at a low speéd_
SUMMARY OF THE INVENTION

It is an object of the present invention to provide

a method of effectively reducing the number of signal
strength measurements for a handoff in a cellular mobile
communications system.

Another object of the present invention is to

provide an arrangement of effectively reducing the number

of signal strength measurements for a handoff in a
cellular mobile communications system.

In brief, the object is achieved by improvements
wherein in order to reduce the number of measurements of
signal strength for implementing a handoff of a mobile
unit located in a given land site, a strength of a signal
transmitted from said mobile unit is measured at the land
site. Further, the land site measures a level crossing
rate based on the signal transmitted from the mobile to
be handed off. The land site applies a handoff request
to a MTSO if the land site detects that the measured
signal strength falls below a predetexrmined handoff
threshold. The handoff request includes information
indicating the level crossing rate. The MTSO compares
the level crossing rate with a predetermined value, and
determine a plurality of land sites each of which is to
measure the signal strength for implementing a handoff
according to the comparison result.

| BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention
will become more clearly appreclated from the following
description taken in conjunction with the accompanying
drawings in which like elements are denoted by like

reference numerals and in which:
riy. 1 1s a bLlock diagram scnematically snhowing a

cellular mobile communications system to which the

present invention is applicable;
is Sheet Has Been Reﬂlaced
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Fig. 2 depicts graphical data which shows the
relationship between a mobile unit travelling speed and a
level crossing rate;

Fig. 3 is a block diagram showing in detall one of
the blocks shown in Fig. 1, which block is concerned with
the present invention; and

Fig. 4 1s a diagram schematically showing a
plurality of cells for discussing a preferred embodiment
of the present invention; and '

Fig. 5 is a fiow chart which depicts the operations
which characterize the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to Fig. 1, wherein there is
schematically shown a cellular mobile communications
system to which the present invention is applicable. The
system shown in Fig. 1 includes a land site 10, -a MTSO
12, a public switched'telephone network 14, and mobile
units Ml and M2.

The land site 10 1s arranged to apply a handoff
request to the MTSO 12 in the event that a mobile unit
located in the service area thereof is to be handed off.

A plurality of land sites, including the land site
10, are connected by land channels 11 to the MTSO 12
which is in turn connected by trunks 13 to the public
switched telephone network 14. Each of the land channels
11 includes control and voice channels. The MTSO 12
supervises and controls the entire operation of the
system, including the assignment of voice channels and
the changing of frequencies during a handoff.

If the mobile unit M1 (for example) wishes to make a
call with a party in the public switched telephone

network 14 or another mobile unit, the call is
established usiuy Llie land site controller Lo and the

control channel unit 18 under the control of the MTSO 12.
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Following this, speech is made pbssible via the voice
channel 20.

It is assumed that: (a) a mobile unit (not shown)
located in é given land site (denoted by LSx for the
convenience of description) requires “handing off" and
(b) the land site 10 is in the vicinity of the land site
LSx. The MTSO 12 receives a handoff request sent from-
the land site LSx and subsequently instructs the land
site 10 to measure the strength level of a signal

received from the mobile unit in the nearby land site

LSx. The land site controller 16, in response to the
signal strength measurement instruction from the MTSO 12,
induces a signal strength measuring unit 22 to measure
the strength of a signal from the mobile unit which is
located in the land site LSx and to be handed off. The
measurement result obtained at the unit 22 is fed back to
the MTSO 12 via the land site controller 16. '
| Fig. 1 shows only one voice channel unit 20.

However, more than two units 20 can be provided. This
holds for the measuring unit 22.

Fig. 2 is a plot schematically showing the
relationship between the level crossing rates and the

" mobile unit travelling speed. As is well known in the

art, the level crossing rate at a specified signal level
is defined as the average number of times per second that
the signal enyeiop crosses the level in a positive-going
direction. Further, it is known that the level crossing
rate is proportional to the mobile unit travelling speed,
as shown in Fig. 2 and thus the travelling speed of 2
mobile unit can be detected by measuring the level
crossing rate of the signal transmitted therefrom. In
this case, it should be noted that the relationship of
Fig. 2 can be applied to any direction of mobile unit
travel (movement).

If a mobile-unit is to be handed off at a given cell
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while moving therewithin at a high speed, it is likely
that when the handoff is to be implemented, the mobile
unit has passed through one of the surrounding cells and
enters another cell outside the'surrounding cells. On
the contrary, if the mobile unit travels at a low speed,
it is expected that the mobile unit can be handed off at
ona of the surrounding cells. .

Fig. 3 shows, in block diagram form, the detail of
the voice channel unit 20. -

As shown in Fig. 3, the unit 20 includes a
microprocessor 40, a ROM (Read Only Memory) 42, a RaM
{Random Access Memory) 44, a duplexer 46, a receiver 48,
a signal strength measuring circuit 50, and a transmitter
52, all of which are coupled as shown. The blocks 40, 48
and 52 are coupled to the land site controller 16 (Fig.
1), while the duplexer 46 is coupled to the antenna 26
(Fig. 1). ' |

Mexrely for the convenience of exemplary description,
let it be assumed that the mobile unit M1 is to be handed
off to a given nearby land site (not shown).

The microprocessor 40 controls the overali
operations of the voice channel unit 20 using a program
stored in the ROM. The intensity of the voice signal
transmitted from the mobile unit M1l is measured at the
signal strangth measuring circuit 50. 1In more specific
terms, the receiver 48 is supplied with the incoming
signal wvia the duplexer 46 and applies an IF
(Intermediate Frequency) signal to the unit 50 at which
the signal gstrength is detected in a conventional manner.
The ﬁicroprocessor 40 measures the level crossing rate
based on the inténsity of the voice signal which is
transmitted from the mobile unit M1 and detected at the
signal strength measuring circuit 50. Measuring the
level crossing rate itself is well known in the art and
hence the description thereof will be omitted for the
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sake of brevity.  The signal stréngth and the level
crossing rate are constantly measured while the land site
10 communicates with a mobile unit(s) located in the
service area thereof; The RAM 44 is used as a working
memory when determining the level crossing rate and
storing intermediate results during the operations. The
transmitter 52 is not directly related to the instant
invention'and as such the discussion thereof will be
omitted.

Although not shown in Fig. 1, the MTSO 12 includes a
comparator and a controller for implementing the
operations of the present invention. As will be seen
from the folldwiné descriptions, the comparator is
arranged to compare a level crossing rate, applied from a
land site which includes a mobile unit to be handed off,
with a predetermined value. That is, the comparison
determiﬁes whether or not the mobile unit to be handed
off moves in excess of a predétermined speed.

The operations of the instant embodiment will be
discussed with reference to Figs. 4 and 5.

Fig. 4 is a diagram schematically showing a
plurality of cells wherein a center cell depicted by "X"
includes a mobile unit Mx which is represented by a black
circle. The cell X is surrounded by a group of cells
AQO-A0S which are in turn surrounded by another group of
cells BOO-Bll in this particular embodiment. Fig. 4
further illustrates a pldrality of cells, outside the
group of cells B0OO-Bll, which are not labelled.

Each of the cells shown in Fig. 4 is coupled to the
MTSO 12 although not shown merely for the sake of
simplifying the illustration.

It is assumed that the mobile unit Mx located in the
cell X is subjected to the conditions which require a
handoff to enother nearby land site. :

In such a case, at step 60 of Fig. 5, the MTSO
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receives, from the cell X, a handoff request which
includes.a level crossing rate which was méasured based
on the signal transmitted from the mobile unit Mx.
Subsequently, at step 62, the MTSO 12 compéres the level
crossing rate (Ler), which was accompanied by the handoff
request from the cell X, with a predetermined value (Pv).

If the MTSO 12 determines that Lcr exceeds Pv, the
MTSO 12 instructs the lands sites A00-A05 and B0O-Bll to
measure the strength of the signal transmitted from the
mobile unit Mx (step 66). In contrast, If the MTSO 12
determined that Lcr does not reach Pv, the MTSO 12
instructs only the lands sites AQO-AOS5 to measure the.
strength of the signal transmitted from the mobile unit
Mx. (step 68).

The above mentioned predetermined value can be
determined by way of empirical data derived by field work
investigation or practical measurements.

As discussed above, the land sites which are
instructed to implement the signal intensity measurements
for a handoff, are determined by a mobile unit's .
travelling speed.

It will be understood that the above disclosure is
representative of only two possible embodiments and that
various modifications can be made without departing from
the concept of the.invention.
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1. A method of reducing the number of measurements
of signal strength for implementing a handoff of a mobile
unit located in a first land site in a cellular mobile
communications sYstem, sald handoff being controlled by a
MTSO (Mobile Telephone Switching Office) included in said
cellular mobile communications sfstem, said methed
comprising the steps of:

(a) measuring a strength of a signal transmitted
from said mobile unit at said first land site;

(b) measuring a level crossing rate based on said
signal transmitted from said mobile at said first land
site;

' (c) applying a handoff request from said first land
site to said MTSO if said first land site detects that
the strength of said signal from sald mobile unit falls
below a predetermined handoff threshold, said handoff
request including information indicating level crossing
rate; | '

- (4) compaiing said level crossing rate with a
predetermined valuve at said MTSO; and '

(e) determining, at said MTSO, a plurality of land
sites each of which is to measure saild signal strength
for implementing said handoff according to a comparison
result obtained at step (d).

2. A method as claimed in claim 1, wherein said
plurality of land sites for measuring said signal
strength are a group of second land sites each of which
surrounds said first land sife if said level cross rate
is less than said predetermined value, and '

wherein said plurality of land sites for measuring
said signal strength are a group of third land sites each
of which is located outside of said second land sites

I
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with respect to said first land site.
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3. An érrangement of reducing the number of
measurements of signal strength for implementing a
handoff of a mobile unit located in a first land site in
a cellular mobile communications system, said handoff
being controlled by a MTSO (Mobile Telephone Switching
Office) included in said qellular mobile communications
gystem, said arrangement édmprising:

first means for measuring a strength of a signal
transmitted from said mobile unit, said first land site
including said first means:;

second means for measuring a level crossing rate
based on said signal'transmitted from said mobile, said
first land site including said second means;

third means for applying a handoff request from said
first land site to said MTSO if said first land site
detects that the strength of said signal from said mobile
unit falls below a predetermined handoff threshold said
handoff request including information indicating level
crossing rate, said land site including said third means;

fourth means for comparing said level crossing rate
with a predetermined value, said MTSO including said
fourth means: and

fifth means for detérmining a plurality of land
sites each of which is to measure said signal strength
for implementing said handoff according to a comparison
result obtained from said fourth mans, said MTSO
including said £ifth means. '

4. An arrangement as claimed in claim 3, wherein
said plurality of land sites for measuring said signal
strength are a group of second land sites each of which
surrounds said first land site if said level cross rate

is less than said predetermined value, and

N AR
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wherein said plurality of land sites for measuring
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said signal strength are a group of third land sites gach
of which is located outside of said second land sites
with respect to said first land site.
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