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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

effectively reducing the number of electric field

strength measurements which are required for a handoff in

The present invention

finds extensive use in the case where a service zone

(viz., cell) is sub-divided into smaller ones in order to

meet increase in the number of cellular subscribers.

Description of Related Axt
It is well known in the art to apply frequency Teuse

in 2 mobile communications system in order to satisfy

various objectives'such as large subscriber capacity,

_ Frequenéy reuse refers to the use of the same radio

carrier frequency in a number of different channels to

cover different areas which are separated from one

another by distances sufficient that objectionable

The so called

cellular mobile communications system utilizes such a

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

service coverage of a particular land site, the signal

strength measured at the particular land site falls below

Thus, the present land site

requests a MTSO (Moblle Telephone Switching Office) to
implement a handoff cr switch over the mobile unit to

5

10
such a communications system.

15

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

25
cochannel interference does not occur.
concept.

30
a handoff threshold level.

35 another suitable nearby land site.

The MTSO, in response



(viz., cell) is sub-divided into smaller ones in order to 15 ‘' neet
~increase in the nunber of cellular subscribers. :

" Description of Related Art It is well known in the art to apply
frequency reuse in a nobile conmunications systemin order to satisfy
vari ous objectives such as |arge subscriber capacity, 20 efficient
spectrum use, w despread availability,-_ 5 _adaptability to traffjL gsq
density, etc. Frequency reuse refers'to the use of the Same radio
carrier frequency in a nunber of different channels to cover different

areas which ar ecsepes ahedads P eneees, isdehlals Rhel ndligheRT 1 Niagicent
t hat objectionab) e cochanne] interference does not qQccur. The so
called ' ColTATST HRUTFESLEmIRR ST LG dha S ianads Saemd rred
concept . fromyﬁn@ mobDbe | enitito BhirHaigied @Ff., noves out of the 30
moasurod at the par thERErSTaRE ] B AR E b o1 tes, SRERISEPS, hr eshol d
level . Thusy theegswsktng thadsignel strenguest the MOBOLleMohilte téebephone
a9 LAkt ore. BL RN AP A MRONE e b e
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.

10 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

15 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 the handoff to the land sites the number
of which is relatively large as compared with the case

20 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

25 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

30 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
35 number of signal strength measurements in tﬁe case where



-2-¢ . NE- 573 to the handoff request, instructs

I he nei ghboring | and sites to neasure the strength of the signal
transmtted fromthe nobile unit to be handed off. After
each of the nearby land sites conpletes 5 neasuring the signal strength of
the nobile unit to be handed off, the land site inforns the MISO of

t he results. The MISO checks the resylts which are received and
then inplenents a handoff if there is a land site to whi ch e ¥bi | e
unit can be suitably handed off. 10 On the other hand, in order to

nmeet the ever a mobgigeggiggmggggegtog fg&lg%égdsubscrlbers It is a
SUMMARY OF THE INVENTION

It is an object of the present invention to provide

a method of effectively reducing the number of signal
5 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
10 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

15 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

20 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

25 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

30 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

35 present invention is applicable;
is Sheet Has Been Reﬂlaced
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current practice to subdivide each cell into smaller ones (viz.,

so-called mcro-cells). This cell subdividing, however,
“inevitably increases 15 the total nunber of handoff requests. In

addition to this, upon a handoff request being generated froma given

| and site, the MISO has to instruct the signal.strength measur ement -

for the handoff to the |and sites.the numer of which is rel i%sgy

| arge as conpared with the case 20 wheré the cell is not subdiv In

nore specific terns, the MISOis required to inplement a handof f

w thout failure even gyl th% g%g'|8rg€h& ggvg thwﬁlhhg%hﬁw%gyégeed from

cell to cell wthout ¢C tlng ni catron the MISO
instructs a 25 reda@ticnsdiip betyeenuabeebdlle| untitstrevebhing speeddasd an

addition to thejleaed ggag§ﬁ¥?&@ggdlng the land site whi ch issued a
handof f request, another "and site$ which are | ocated outside the

surroundi ng ones. Fig. 3 i@ pbherkadéaprennshawing rinfderrlliopal of

strength 305 neaelbAGRIKsS sholma ihardelfy, Uﬂﬂﬁéhr@m&krf@d@éﬁcéﬁ@é%lth
t he overal | systﬁ@ arra%%lnent because of, the increase in t he nunber
a

of traffics for "NEaSFAS HOVERGASR? sBPEngt h for the handoff.
It is therefore highlfigdes dablae diagrasusehéhgtically showing a

plurality of cells for discussing a preferred embodiment
of the present invention; and '

10 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

15 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 M1 and M2.

20 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

25 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

30 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

35 control channel unit 18 under the control of the MTSO 12.



35 - nunber of signal strength nmeasurenents in the case where a
pobile unit noves at a | ow speed. . ' SUMWWARY OF THE
| NVENTI ON " It is an object of the present invention to provide a hethod
and arrangenment of effectively.reducing the nunber of signal strength
nmeasurenents for a handoff in a cellular nobile comunications system
According to one aspect of the invention %hgre i's provided a nethgg_gf
reduci ng the nunber of measurenents of signal strength for inplementing a
handoff of a nobile unit :

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
5 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
10 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
15 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
20 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
25 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
3O 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).
35 If a mobile-unit is to be handed off at a given cell



| ocated in a first land site in a cellular nobi'le communi cati ons system
sai d handoff being controlled by a MISO (Mbil e Tel ephone Sw t chi ng
Ofice) included in said cellular nobile conmunications system said

met hod conprising the steps of: (a) neasuring a strength of a signal
transmtted fromsaid nobile unit at said first land site; (b)
measuring a |level crossing rate based onfai d signal transm ttedNE-®"Xaid
nobile at said first land site; (c) applying a handoff request from

said first land site to said MISOif said first land site detects that the
strength of saivhisigymEvingrithereriguin @atum high |spagd,owta Lsplddalsr ni ned

handof  t hreshalitht Sitah NI dnd PGS 1 Hel dinfpl it et k9 bzt i Ng

| evel crossing rate; .
unit has passed through one of the surrounding cells and

enters another cell outside the surrounding cells. On

5 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. -

10 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

15 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

20 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 M1 is measured at the
25 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.
30 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
35 hence the description thereof will be omitted for the



(d) “conparing said level crossing rate wwth a predeterm ned value at said
MISGQ  and (e) selecting, at said MISO, between at |east a first

plurality of land sites and a second plurality of |and sites, said second
plurality comprising at |east. sone of said first plurality of |and sites,
each of said first and.second plurality of |and sited being operative to
measure said signal strength for inplengntipng said handoff accor 'é@g& a
conparison result obtained in step (d). Accordi ng to anot her aspect
of the invention there is provided a nethod of reducing the nunber of

MEASUr eMENt S Of sak@NdE BetIEN  Rhel BRLARENELAGN GO AN Ehof1 &ye b | €

unit located in a first land Ssite in a Cellular nobile comrunicati ons

system said 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

5 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.

10 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

15 land site which includes a mobile unit to be handed off,
with a predetermined value. That is, the comparison
determines whether or not the mobile unit to be handed
off moves in excess of a predetermined speed.

The operations of the instant embodiment will be

20 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

25 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

30 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. :

35 In such a case, at step 60 of Fig. 5, the MTSO



3A *handoff being controlled by a MISO (Mbile Tel ephone Switching Ofice)
tncluded in said cellular nobile conmunications system said nethod

conprising the steps. of: (a) measuring a strength of a signa
transmtted fromsaid nobile unit at said first land site; (b)
measuring a level crossing rate based on said signal transmtted from said
nobile at said first land site; (cy %pblying a handof f requé@?‘??%n1

said first land site to said MISOif said first "~ land site detects that the
et i oot LR RS GuBAL® 41§ Aahdocbelatpes ctsy o m e
includes a level crossing rate which was measured based
on the signal transmitted from the mobile unit Mx.
Subsequently, at step 62, the MTSO 12 compéres the level
5 crossing rate (Lcr), 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

10 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).

15 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

20 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

25 the concept of the.invention.



| evel crossing rate; c rparing said lLevel crossing rate with a
predet er m ned val u lsa§he§t§l'asd3ee and (e) determning, at said MISQ

a plurality of Ian lﬂﬁ'ﬁ( e 2sthich is to rmeasure said signal strength

for |nplenent1ng sa| rdlng to a conparison result obtained in
step (d); d crossing rate is less than the

pr edet er m ned value, then said plurality%of |and sites for measuWEng?3ai d
signal strength are a second group-of land sites each of which borders
said first land site; and wherein if the land crossing rate is
greater than or V@&!Pallst GlEiaes éFét ermined val e, then said plurality of

| and sites for measuring said signal strength are a third group

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 o

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




of . land sites incIudFﬂg—Lhe—Land _sites included in the second group and
~addi tional |and sit order sai d second group of |and sites.
According to still ano eE’he invention there is provided an
arrangement for reduc of measurenents of signal strength for
I mpl enenting a handof f unft | ocated in a first land site in a

cel lular nobile connunlcatlons systenl_ sat8 nandoff being control | 88-BY3a
MI'SO ( Mobi | e Tel ephone Switching Ofice) included in said cellular nobile

conmuni cati ons system sald arran t. co :
3B first %&éﬁs s%dgg EBEN Fﬂ 9'E.esignal transmitted from

said nobile unit,

3. An arrangement 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

AR T



said first land site including said first neans; second means for
measuring a |level crossing rate based on said S|gnal transmtted fromsaid

nobil e, said flrstTm et Eﬁmh aoi Ng sai d second neans; third
means for applylng ﬂ st fromsaid first land site to said MSO

if said first Iand hat the strength of said signal from said
mobile unit falls below a predeterni ned Bdndoff threshold, said h¥RdeF8
request including information |nd|cat|ng IeveI ‘crossing rate, said first

land site including said third nean urth neans for: conﬁarln
said 1 evel crossing Wﬁﬁiﬁh%i$§i4mﬂéﬁﬁﬁéiﬁyn83 9§P§e51t§§|ﬁ°ﬁﬂﬁﬁﬁﬁ ER0Ei ng

said fourth ”Ea@ﬁ-lda@ignal stz‘felri‘gtﬁh apana bﬁbuﬁebﬁcthmgdbEhn&eﬁleésl eash a
first pIurallty Slt d a secq d urallt nd sites, said
second plurality aﬁﬁfgkﬁﬁb @55?“ ﬁFadfF¥§?nd Sha”s1¥ds

with respect to said first land site.

T A



plurality of land sites, each of.said first and second plurality of |and

sited being operative to neasure said signal strength for inplenenting

"said handoff according to a conparison result obtained fromsaid fourth

‘means, said MISO including said fifth means. . According to stil

anot her aspect of the invention there is_pypvided an arrangenent 573 -
reduci ng the nunber of neasurenents of signal strength for i.nplenenting a
handoff of a nobile unit located in a first land site in a cellular nobile

communi cati ons system said ham@@jnjgyrﬁy(qyﬁnﬁy§gy¢g@ﬁga MISO (Mobi |l e

Tel ephone Switching O fice) include I'n sard celtular ile

communi cations system said arrangenent conprising: first nmeans for

][rﬁ-asur: ngda st r_e_ngtlh oh 8r8bfned fEANSH tAE hninkte T GhelBiidetrdiitid .of sai d
irst land site inpcl udi sai rst ns

measuring a | eve’Flg?Sgs ﬁe?gg]é %%ﬁeﬁ“%ﬁe@%i?ﬁlrﬁ ﬁiaqa}%gerﬁ%}tae&mqyﬁn sai d

mobi | e, said firehitahdcatéé inchughiwen sbamd seicinnd amestireEngth 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 predetermined handoff
threshold. The handoff request includes information
indicating the level crossing rate. The MTSO compaxrxes
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.

N S—
eet Has Been Replaced
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third nmeans for applying a handoff request fromsaid first land site to

said MISOif said first land site detects that the strength of said signal
fromsaid nobile unit falls below a predeternined handoff threshold, said Nes73
handof f request including information indicating |evel crossing rate, saidys)
first land site including said third neans; -

3C fourth means for conparing said | evel crossing rate with a
predet erm ned val ue, said MISO including said fourth neans; and

fifth neans for determining a plurality of land sites each of which is to

nmeasur e
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sai d signal strength for inplenenting said handoff according to a
conparison result obtained fromsaid fourth neans, said MISO i ncl udi ng
said fifth nmeans; wherein if the land crossing rate is | ess than the
predeterm ned value, then said plurality of land sites for neasuring said
signal strength are a second group of land sites each of which borders
said first land site, and wherein if the land crossing rate is
greater than or equal to the predeterm ned value, then said plurality of

| and sites for neasuring said signal strength are a third group of |and
sites conprising the land sites included in the 'second group and additi onal
| and sites which border said second group of |land sites.

BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advantages of the
present invention will becone nore clearly

NE-573
(2/s)

FIG. 2

HIGH

MOBILE UNIT
TRAVELLING
SPEED

LEVEL CROSSING RATE HIGH

This Sheet Has Been Replaced
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appreciated fromthe foll owi ng description taken.in conjunction with the
acconpanying drawi ngs in which-ike elenents are denoted by |ike reference
nuneral s and i n which: Fig. 1 is-a block diagram schematically NE-573

showi ng a cel lular nobile comruni cations systemto which the present G/5)
i nvention is applicable; -4-

NE- 573 Fig. 2 depicts graphlcal data which shows the - -

rel ati onship between a nobile unit travelling speed and a | evel -

crossing rate;
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Fig. 3 is a block diagramshowing in detail one of. 5 the bl ocks shown in:

Fig. 1, which block is toncerned with the present invention; and

Fig. 4 is a diagram schenmatically showi ng a plurality of cells for

di scussing a preferred enbodi nent of the present invention; and 10

Fig. 5is a flow chart which depicts the operations. whi ch characterize pgs
the present invention. DETAI LED DESCRI PTI ON OF THE (4/5
PREFERRED ENMBODI MENTS Referring nowto Fig. 1, wherein there is .

15 schematically shown a cellular nobile conmunications systemto

whi ch the present invention is applicable. The = system shown in Fig. 1

I ncludes a land site 10, a MIsO 12, a public swtched tel ephone

network 14, and nobile units ML and M2. 20 The land site 10 is
arranged to apply a handoff request to the MISO 12 in the event that a
nmobi | e unit | ocated in the service area thereof is to be handed off.

A plurality of land sites, including the |land site 10, are connected

by | and channels 11 to the MISO 12 25 which is in turn connected by

trunks 13 to the public swi tched tel ephone network 14. Each of the

| and channel s

FIG. 4
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11 i+ ncludes control and voice channels. The MISO 12 supervi ses -and
eontrols the entire operation of the system including the assignnen%Ed?S
of voice channels and 30 the changing of frequencies during a handoff. 5/5)
If the nobile unit ML (for exanple) w shes to nake a call with a paré/
in the public swtched tel ephone network 14 or anot her nobile unit,

the call is established using the |and site controller 16 and the 35

control channel unit 18 under the control of the MISO 12.
- 5- NE- 573 Fol l owing this, speech is nade possible

via the voice
| FIG. 5

(' START )

1 .
MTSO 12 RECEIVES .
L — 60

HANDOFF REQUEST FROM
LAND SITE X

i

MTSO 12 COMPARES LEVEL

CROSSING RATE (Lcr) — 62
- ACCOMPANIED BY HANDOFF

REQUEST WITH PREDETERMINED

VALUE (Pv)
YES NO :
Ler 2 Pv '
66 . 64 68
N4 PN
MTSO 12 INSTRUCTS LAND MTSO 12 INSTRUCT LAND
~ SITES A00-A05 & B0OO-B11 SITES A00-AO0S
TO MEASURE STRENGTH TO MEASURE STRENGTH
OF SIGNAL FROM MOBILE OF SIGNAL FROM MOBILE
UNIT Mx UNIT Mx
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channei- 20. S It is assunmed that: (a) a.Mobile unit (not shown)

| ocated in a given Iand site (denoted by LSx for the 5 nnml_g_p.;_@qee_e-f-———L
description) requires "handing off" and ( b) RERRACEMENT SREERS | s §& th

vicinity of the land site LSx. The MrSO|1P Dewxeities : pagrdndolor P# @guest
sent from the land site LSx and subsequgnfd Zigngd r ucpagetihg. loapeked
site 10 to measure the strength | evel ofiza silgW8Drsb@ng(s) epmvde‘lif’fqpmﬁdﬁ
nobile unit in the nearby land site LSx.I ®ankend stk besedor®-toopaged .16,
In response to the signal strength neasdrenent instruction fromthe
MISO 12, i nduces a signal strength neasyri @[neaeyfg"{a___
the strength of a signal fromthe nobile unit ;ﬂ,@g}ﬂ%ﬁifﬁ(ﬁﬁ Fecated—T T the
| and site LSx and to be handed off The measur enent result obtained

ig.the uni t 22 |s fed back to 5 ﬁ %ﬁ#ﬂﬁ%?&%ﬂ&&gﬁmml I ef
it 22 tﬁ%ﬂﬁéﬁf@@hﬁ%ﬁ%ﬂ%&ﬁmﬁfﬁ%@f&mﬂwmﬁ“ "

relationship between the | eveé%ﬁﬁw%gﬁﬁs FM] nobi | e unit

travelling speed. As is well the |l evel crossing rate
at a specified signal |evel

ABSTRACT

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 (10), a strength of a signal
transmitted from said mobile unit is measured at the land site (10). Further, the land site
(10) 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 (10)
detects that the measured signal strength falls below a predetermined handoff threshold.
The handoff r;quest includes information indicating the level crossing rate. The MTSO
(12) compares the level crossing rate with a predetermined value, and determine a
plurality of land sites (10) each of which is to measure the signal strength for

implementing a handoff according to the comparison result.

Fig. 1.
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25 -.i's defined as the average number of times per second
signal envelop crosses the level in a positive-going

t hat t he
di recti on.

Further, it is known that the | evel crossing rate is proportional to
the nobile unit travelling speed, as shown in Fig. 2 and thus the
travelling speed of a 30 nobile unit can be detected by neasuring the

| evel crossing rate of the signaly gransmtted therefrom In this
case, it should be noted that the relationship of Fig. 2 can be
applied to any direction of nobile unit travel (novenent). 35

If a nobile unit is to be handed off at a given ceI
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“a

i fipl enenting a handoff of a nobile unit located i a first land site in a
cellular nobile comunications system said handoff being controlled by a
MISO (Mobil e Tel ephone Switching Ofice) included in said cellular nobile

comuni cations system said nmethod conprising the steps of: (a)
. measuring a strength of a signal- transmtted fromsaid nobile unit at said
~first land site; (b) neasuring a | evel crossing rate based on said
~signal transmitted fromsaid nobile2 said first |and site; (c)

. appl yi ng a handoff request fromsaid first land site to said MISOif said
~first land site detects that the strength of said signal fromsaid nobile
~unit falls below a predeterm ned handoff threshold, said handoff request
i ncluding information indicating ' — :

FiG. 2

HIGH

MOBILE UNIT
TRAVELLING
SPEED: -

LEVEL CROSSING RATE HIGH
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level. crossing'rate; (d) conparing saikd | evel crossing rate with a
predeterm ned val ue at said MISQ  and (e) selecting, at said MISQ,
‘between at |least a first plurality of land sites and a second plurality of
| and sites, said second plurality conprising at |east sone of said first
plurality of land sites, each of said first and second plurality of |and
sites being operative to neasure s/ai d signal strength for inplenenting
sai d handoff according to a conparq Son - result obtained in step (d). 2.

A nethod of reducing the nunber of neasurenents of signal strength for

i npl ementing a handoff of a nobile unit located in a first land site in a
cellular nobile comunications system said handoff being controlled by a
MISO (Mobil e Tel ephone Switching Office) included in said eellular nobile
comuni cati ons system said nethod FlG 3 :

o
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conpri’sihg the steps of.: (a) neasuring<a sttength of ‘a signal
transmtted fromsaid nobile unit at said first Iland site;

10 (b) neasuring a level crossing rate based on said signal
transmtted fromsaid nobile at said first |land site; (c) applying
a handoff request fromsaid first land site to said MISOif said first

| and site detects that the strengt t;/gf said signal fromsaid nobile unit
falls below a '

This is the replacement sheel
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predet-ersri ned handoff threshol d, said handoff request including information

i ndicating |evel crossing rate; (d) comparing said | evel crossing

rate with a predeterm ned value at said MISO  and (e) determ ning,

at sald MISO, a plurality of land sites each of which is to neasure said

signal strength for inplenmenting said handoff "according to a conparison

result obtained in step (d); wSein if the land crossing rate is

| ess than the predeterm ned value, then said plurality of land sites for

measuring said signal strength are a second group of land sites each of

whi ch borders said first land site, and wherein if the land crossing

rate is greater than or equal to the pred m ped
HGY'S

MTSO 12 RECEIVES _— 60
HANDOFF REQUEST FROM
LAND SITE X

|

MTSO 12 COMPARES LEVEL
CROSSING RATE (Ler) L 62
ACCOMPANIED BY HANDOFF

REQUEST WITH PREDETERMINED

VALUE (Pv)
. . .
YES NO
Ler 2 Pv >\___-—
66 64 68
N 1 : i \
MTSO 12 INSTRUCTS LAND MTSO 12 INSTRUCT LAND
~ SITES A00-A0S5 & BOO-B11 SITES AQ0-A0S
TO MEASURE STRENGTH 1 TO MEASURE STRENGTH
OF SIGNAL FROM MOBILE OF SIGNAL FROM MOBILE
UNIT Mx , UNIT Mx
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- VETUE, then said plurality of land sites for IneaRBPLAGENVENT SHEREE stg@ngt
are-a third group of land sites including the Bfﬁ'mbr@tzbﬁs}ogml Bdgﬂph@dtgj@
second group and additional |and sites whicl EOCBem(sSa dp§&qcm|dmg ol f
| and sites. 3. An arrangenent for reducing tha!z,ﬁugb@r i cyeasyy £F nt'S- of
signal strength for inplenmenting a handck f cfmxgggbgnfe ugéI@ 4l eC ta ,el n—a
~first land site in a cellular nobile communijcations syst sai 8

bei ng cont ( Tel ephone e cl uded
sai d ceIIu Q&hﬁggaﬁlﬁgﬁgﬁﬁﬁﬁggﬁ%éﬁg systen1 3a i”h@i?hpiﬁﬁﬁﬁﬁf @%ﬁ%rﬁgq
first neans for neasuring a §HVEARY gwgggqvtmﬂn@ﬂ§n1tted fromsaid
nmobile unit, said first land site Inc Ing sald first neans: second

neans for nmeasyrisng até,b@cveﬂ ther preSen dnvention B8 peeviae) ashethod | dadrringameni bf ed
fromsaid nobile, said first land site including said second neans;
effectively reducing the number of signal strength measurements for a handoff in a

=]

cellular mobile communicétions system.

| According to one aspect of the invention there is provided 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 communicatiqns system, said handoff
being controlled by a MTSO (Mobile Telephone Switching Office) included in said
cellular mobile communications system, said method comprising the steps of:

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

(b) measuriﬂg a level crossing rate based on said sigpal 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 said mobile unit falls below a
predetermine_d handoff thres__hold, said handoff request including information indicating
level crossing.“rate; |

(d) comparing said level crossing rate with a predetermined value at said MTSO;
and _

(e) selecting, at said MTSO, between at least a first plurality of land sites and a
second plurality of land sites, said second plurality comprising at least some of said first
plurality of land sites, eacﬁ of said first and second plurality of land sited being operative
to measure said signal strength for implementing said handoff according to a comparison
result obtained in step (d).

According to another aspect of the invention there is provided 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, said

This is the replacement sheet
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t'hi rd ‘'means for applying a handoff request fromsaid first land site to
said MISOif said first land site detects that the strength of said signal
fromsaid nobile unit falls below a predeternined handof f threshol d, said
handof f request including information dlcatlng | evel crossing rate, said
first land site including said third nea fourth nmeans for
conparing said level crossing rate with a predetern1ned val ue, said MISO

1} 40 9, P B bl PRATSG pachid Sesd ey e oL okilrag
said cellular mobile communications system, said method comprising the steps of: R

(@) 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;

© applyiﬁg 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 r_nobile unit falls below a
predetermined handoff threshold, said handoff request including information indicating
level crossing rate;

(d) comparing said level crossing rate with a predetermined value at said
MTSO; and \
“(e) deté:rmiﬂing, at said MTSO, a plurality of land sites each of which is to
" measure said signal strength for implementing said handoff according to a comparison
result obtained in step (d);

wherein if the land crossing rate is less than the predetermined value, then said
plurality of land sites for measuring said signal strength are a second group of land sites
each of whicﬂ borders said first land site; and

wherein if the land crossing rate is greater than or equal to the predetermined
value, then said plurality of land sites for measuring said signal strength are a third group
of land sites including the land sites included in the second group and additional land
sites which border said second groﬁp of land sites.

According to still anether aspect of the invention there is provided an arrangement
for redﬁcing 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 cellular mobile communications system, said arrangement comprising:

This is the replacement sheet
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glurality of land sites, said second plurality conprising at |east sonme of
said first plurality of land sites, each of said first and second
plurality of land sites being operative to neasure said signal strength
for inplementing said handoff according %ﬁ a conparison result obtained
fromsaid fourth neans, said MISO including said fifth nmeans. 4. An
arrangenent for reducing the nunber of neasurenents of signal strength for

i mpl ement i ng aghangobl o m@as'ﬁpiiiklaestiéﬂ%]ﬁl éfog!glgﬁﬂ trasRitfed! £6m! RHImIHAE ubft, 2

cel lular nmobile communi cations syste sal d"handoff being controlled by a
MI'SO ( Mobi 4 FrestaphPsie inShidinghaiDfifst fie@sy; i ncl uded in said cellular nobile
conmmuni cations system said arrangenent conprising: first nmeans for
nmeasuri ng a st seeond meahs dorsmgasairingraaleset ¢rbssihg racnbasad dnnsaid signalnransmited d
first land site including said first neans;

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 tha.t the strength of said signal from said mobile unit falls
below a predetermined handoff threshold, said. handoff request includirig information
indicating level crossing rate, said first lan(i site including said third means;

fourth means for comparing said level crossing rate with a predetermined valug,
said MTSO including said fourth means; and

fifth means for selecting between at least a first plurality of land sites and a second
plurality of land sites, said second plurality comprising at least some of said first
i)lurality of land sites, each of said first and second plurality of land sited being operative
‘to measure said signal strength for implementing said handoff according to a comparison
result obtained from said fourth means, said MTSO including said fifth means.

According to still another aspect of the invention there is provided an arrangement
for 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 cellular mobile communications system, said arrangement comprising:

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

| second means for méasuring 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 first land site including said third means;

This is the replacement sheet
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second neans for measuring a |level crossing rate based on said signal
transmtted fromsaid nobile, said first land site including said second
neans; third neans for applying a handoff request fromsaid first
land site to said MISOif said first land site detects that the strength
of said signal fromsaid nmobile unit falB§ below a predeternined handof f
t hreshol d, said handoff request including information indicating |evel

crossing rate, ssahf pleahs For gtg'ﬂ%a?flgse%i@%%ij cRfsindi el With & PRAPRrmined value

fourth means for conparing _ crossing rate wth predeterm ned
val ue,  saisghd WFPSO inGlubifigdicSfufthhdds argeans; and ]

e fifth meané for determining 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 means, said MTSO including said fifth means;

wherein if the land crossing rate is less than the predeterminéd value, then said
plurality of land sites for measuring said signal strength are a second group of land sites
each of which borders said first land site, an_d

wherein if the land crossing rate is greater than or equal to the predetermined
value, then said plurality of land sites for measuring said signal strength are a third group
of land sites comprising the. land sites included in the second group and additional land
s'ites which border said second group of land sites.

| BRIEF DESCRIPTION OF THE DRAWINGS

i The features and advantages of the present invention will become more clearly

appreciated from the following description taken in conjunction with the accompanying

drawings in which like elements are denoted by like reference numerals and in which:

Fig. 1 is a block diagram schematically showing a cellular mobile communications

system to which the present invention is applicable;
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fifth"nmeans for determining a plurality of land sites each of which is to
measure said signal strength for inplenenting said handoff according to a
conparison result obtained fromsaid fourth neans, said MISO i ncl udi ng
said fifth neans; wherein if the | gpd crossing rate is | ess than the
predeterm ned value, then said plurality of land sites for neasuring said
signal strength are a second group of land sites each of which borders
said first land site, and wher ei @LAIMShe | and crossing rate is
greater than or equal to the predeterm ned value, then said plurality of
| and si t es If or Araaetiod nof sedutiyy ghell meibeenof hmeaserementsi ofl Ggmal pstreafgtt afoel
sites conprising the land sites included in the second group and additional
| and si t esmplementihg adendeffiof asmobilel ugit dogatedf inl & fiest dandesite in a cellular mobile
communications system, said handoff being controlled by a MTSO (Mobile Telephone
- Switching Office) included in said cellular mobile communications system, said method
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 said mobile unit falls below a
predetermined handoff threshold, said handoff request including information indicating
level crossing rate;
(d) comparing said level crossing rate with a predetermined value at said MTSO;
and
(e) selecting, at said MTSO, between at least a first plurality of land sites and a
second plurality of land sites, said second plurality comprising at least some of said first
plurality of land sites, each of said first and second plurality of land sites being operative
to measure said signal strength for implementing said handoff according to a comparison
result obtained in step (d). .
2. A method of reducing the number of measurements of signal strength for
implementing a handoff of a mobile unit located in a first land sife in a cellular mobile
communications system, said handoff being controlied by a MTSO (Mobile Telephone
Switching Office) included in said cellular mobile communications system, said method
comprising the steps of:
(@) measuring a strength of a signal transmitted from said mobile unit at said first

land site;

L) 0 AR et epeEneTt A
* [ L L S *
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410 - ' NE-573 with respect to said first land site. 3.
An arrangenent of reducing the nunmber of neasurenents of signal strength
for inplenmenting a handoff of a nobile unit located in a first land site in
a cellular nobile comuni cations system said handoff being controlled by a
MISO (Mobi | e Tel ephone Switching Office)'@ncluded in said cellular nobile
communi cations system said arrangenent conpri sing: first nmeans for

eI 0., 5T b SUA ARl s o S Db om
mobile at said first land site; -

(¢) 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;

 (d) comparing said level crossing rate with a predetermined value at said MTSO;
and _

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

wherein if the land crossing rate is less than the predetermined value, then said
plurality of land sites for measuring said signal strength are a second group of land sites
each of which borders said first land site, and

wherein if the land crossing rate is greater than or equal to the predetermined

value, then said plurality of land sites for measuring said signal strength are a third group
of land sites including the land sites included in the second group and additional land
sites which border said second group of land sites.
3.  An arrangement for 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 cellular mobile communications system, said
arrangement comprising:

first means for measuring a strength of a signal transmitted fro;n 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;

e
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gecond neans for nmeasuri ng a |l evel crossing rate based on said signal
transmitted fromsaid nobile, said first land site including said second
nmeans; third neans for applying a handoff request fromsaid first |and
site to said MISOif said first land sitg, detects that the strength of said
signal fromsaid nobile unit falls below a predeterm ned handoff threshold,
sai d handoff request including information indicating |evel crossing rate,
said | and sit ethirdaheths fgr pplying la Hatldoff aequest from shid firkhlana sies tdf aid ¥MT]GUIf ng
said level crossing rate with a predeterm ned val ue, said MISO i ncl udi ng
sai d four tfaidrdmststandrsite detects ilfat herstength mf sdist signalnfrony saigimobilei uyit dally and
sites each of which is to neasure said signal strength for inplenenting

sai d handopelowce prefleteymineda hanslah thredhield, espid havdaftireangst inshding dnforpation
Clar o | nnBIcaing el orine, i widp ity By drclydisgysald (5 BsFShmasri n. sai d
oL 9nl 511 en0! g Bl B4 RooadiE S, AP 8 ShaPh Al S
said MTSO including said fourth means; and
fifth means for selecting between at least a first plurality of land sites and a second
plurality of land sites, said second plurality comprising at least some of said first
| plurality of land sites, each of said first and second plurality of land sites being operative
to measure said signal strength for implementing said handoff according to a comparison
result obtained from said fourth means, said MTSO including said fifth means.
4.  An arrangement for 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 cellular mobile communications system, said
arrangement comprising:
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
beléw a predetermined handoff threshold, said handoff request including iﬂformation
indicating level crossing rate, said first 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

AR O R W | T s e epmeemert e
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#s' [€ss than said predetermnned val ue, and

NE- 573 wherein said plurality of land sites for nmeasuring said
signal strength are a group of third land sites each of which is |ocated
outside of said second |and sites with rgspect to said first land site.

fifth means for dete'rminiﬁg 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 means, said MTSO including said fifth means; |

wherein if the land crossing rate is less than the predetermined value, then said
plurality of land sites for measuring said signal strength are a second group of land sites
each of which borders said first land site, and

wherein if the land crossing rate is greater than or equal to the predetermined
_value, then said plurality of land sites for measuring said signal strength are a third group
of land sites comprising the land sites included in the second group and additional land

sites which border said second group of land sites.

UL L

pDate: 1D MAY 1997



