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HANDOFF CONTROL WITH A PILOT USED I

BORING CELL IN A CDMA MOBILE COMMUNICATION NETWORK
ON A SERVICE FREQUENCY OF THE NEIGHBORING CELL |/

BACKGROUND OF THE INVENTION: '

This invention relates to handoff control used
for a mobile unit either in a COMA (code division
maltiple acoess) mobile communication network oxr in a
combination of the CDMA mobile communication network and
a neighboring'ot contiguous mobile communication metwork,
such ag an analog cellular network, which is operable *in
accordance with other than a CDMA technique.

In the manner described in United States Patent
No. 5,295,153 and ag will later be described in greater

- ~ Qetall, a CDMA mobile commmnication network has a service ~

area in which a mobile unit ig movable and which is
divided into a plu:altty.of cells including fixrst and.
sacond cells neighboring each other. The CDMA mobile
communication network comprises a control station and
first and second base stations connected in the first and
the second cells to the control station. First and
second service frequencies are assigned to the first amnd
the second base statlons for trzffic communication with
the mobile uwnit while the mobile unit is in the E£irst and

the second cells, respectively.
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detail, a CDVA nobile comunication network has a service area in which a
nobile unit is novable and which is divided into a plurality of cells

i ncludi.ng-first and second cells nei ghboring each other. The CDVA nobil e
conmuni cati on network conprises a control station and first and second base
stations connected in the first and the second cells to the control

station. First and second service frequgncies are assigned to the first and
t he second base stations for traffic comunication with the nobile unit
while the nmobile unit is in the first and the second cells, respectively.

REPLACEMENT SHEET 09 & cdiftfol staticn may or may not be sitnated in

the service area. In any event, the control station
comprises a control devlcé for detecting necessity of
handoff between the first and the second service
frequencies and for dealing with the handoff when the
necassity is detected.
Like the CDMA moblle communication network, the
- above-described combination has a common service area in
~which a mobile unit is movable and which is divided into
& plurality of cells including first and second cells
neighboring each othex. The combination comprises a
'coatxol station and firxat and second base stations
ccnnected in the first and the second cells to the
. control station.. Firast and secand service frequencies
are assiéned to the first and the second base stations
for traffic communication with the mobile unit while the
mohile unit 1s in the first and the second cells.
The control station may or may not be in the o

common area. When situated in the common area, the

oém.;_-ol station may be in a component service axrea of
wvhichever of the CDMA mobile communication network and
the neighboring mobile communication hetwork. In any
event, the control station comprises a control device
operable in Lhe mannex described in. the foregoing.

When the combination is taken into caonsideration
with attention directed to the Onited States patent
referenced above, the rirst cell is in the neighboring

mobile communication network and is an urban or umbrella
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2 The control station nmay or nmay not be situated in the service area. In
any event, the control station conprises a control device for detecting
necessity of handoff between the first and the second service frequencies
and for dealing with the handoff when the necessity is detected. Like the
CDVA nobi | e communi cation network, the above-descri bed conbi nati on has a
common service area in which a nobile It is novabl e and which is divided
into a plurality of cells including first and second cells nei ghboring each
ot her. The conbination conprises a control station and first and second

base .stationSgell. The second cell is in the CDMA mobile communica-
tion network and is a rural cell or a microcell. .
Attention is primarily directed toc allocation of
fraqqenéies between such cells of different cell sizes.
In this connection, the handoff is discussed as regards a
cell border between the £irst and the second cells,
namaly, ﬁs regards a difference between uplink (from the
mobile unit to a base station) and downlink (from the
bagse station to the mobile unit) handoff points. In
order to use Mcbile Assisted Handoff (MAHO) in the CDMA
mobile comminication network, use 1s made of a pilot
signal or annenée and of a subtraction demodunlation
process. '

In éuch a conventional mobile communicati'.on
network and particularly in an analog wmobile communi-
cation netwozrk, it has been the practice to deal with
the handoff control as follows. On describing the
handoff control,; it will be presumed that the mobile unit
i3 currently present. in the first c¢ell in traffic
communication with the first base station, namely,
transmitting an uplink traffic signal to and/or receiving
a downlink traffic signal from the first base station, on
the first service frequency and is moving towards one of
- neighboxing cells that may be called a destination cell.

Furthermore, attention will be directed as a represent-

ative Lo only one of stch uwobile units which may be

concurrently alive in the first cell. Although different

fraquencies may be assigned to a base station in
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connected inthe first and the second cells to the control station. First
and second service frequencies are assigned to the first and the second
base stations for traffic comunication with the nobile unit while the
mobile unit is in the first and the second cells. The control station may
or may not be in the common area. \Wen situated in the cormon area, the
control station nmay be in a conponent sgrvice area of whichever of the CDVA
nobi | e conmuni cati on network and t he nei ghboring nobile comuni cation
network. In any event, the control station conprises a control device

operable in trm:aﬂsnnﬂtﬂiasehebﬁﬁhidktdﬂa tRs easimA nkVRearEl@ jation is
taken into consideration with attention directed to the United States
pat ent such differant frequencies will collectively be called a

service frequency.

When the mobile unit apprxoaches the cell bordex
between the first cell and the destination cell, an
electromagnetic ox radio wave of the first service
frequency bacomes very weak to be abjeetipnable at the
moblle unit. In this event, the first gexvice frequency
mist be handed off Or over to a service f£requency which
is asgigned to the destination cell, namely, to the b&se
station placed in the destination cell.

It takes a long time to find which of the
neighboring cells is actually the destination cell.
During this 1ong-t1me, the t:affic signal is received at
‘the mobile unit and the firzst base station with anm
objectionable signal quality. Moreover, each base
station and consequently the mobile communication unit
have a large scale. A great amount. of information must
be transmitted between the control station and the base
stations situated in the neighboring cells.

SUMMARY OF THE INVENTION:

It is theretoré an object. of the present
invention to provide a handoff control method for use in
a code division multiple access mobile communication
network comprising a control station and a plurality of
base stations connected to the control station and havin§

a service area in which a mobile unit is movable and

which is divided into cells for the respective base
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referenced above, the first cell is in the neighboring nobile comunication
network and is an urban or unbrella 3 cell. The second cell is in the
CDMA nobi | e comruni ca- tion network and is a rural cell or a mcrocell
Attention is primarily directed to allocation of frequencies between such
cells of different cell sizes. In this connection, the handoff is discussed
as regards a cell border between the first and the second cells, nanely, as
regards a difference between uplink (fréh1the nobile unit to a base
station) and downlink (fromthe : :

stations with different. gservice frequencies assigped to
the respective base atations, which method is for
controlling handoff for the mobile Qnit between two of
the different service frequencies in a ghort time
interval and with a substantially no duration of a
deteriorated signal quality.
| It 1s another object of this invention to provide
- a handoff control method which is of the type described
and in which each base station i1s on a small scale with
only a small amount of information transmitted between
the control station and each of two of the base stations
that are related to movement of the mobile unit.

It is s5till another object of this invention to
provide a handoff control method for use in a combination
of a code division multiple access mobile communication
hetwork and a neighboring or contiguous mobile communiea-
tion ngtwoxk, the combination comprising a control
station and 3 plurality of base stations connected to the
'cOnﬁiol station and having a common service area in which
a mobile unit is movable and which is divided into cells
for the '-respect.ive base stations with different sge¢xrvice
frequencies agsigned to the respective base stations,
which method 48 for controlling handoff for the mobile
station between two of the diffexent sezvice freéuencies
in a ghort time interval and with a substantially no
duration of a deteriorated signal quality.

It is yet another object of this invention to

provide a handoff control method which 1is of the type
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base station to the nobile unit) handoff points. In order to use Mbile
Assi st ed Handoff (MAHO) in the CDVA nobil e comruni cati on network, use is
made of -a pilot signal or sequence and of a subtraction denodul ation
process. In such a conventional nobile conmmunication network and
particularly in an anal og nobile comuni- cation network, it has been the
practice to deal with the handoff contr as follows. On describing the
handof f control, it will be presuned that the nobile unit is currently
present in the first cell in traffic communication with the first base

station, nanel ReskEaBedi dfd NG WM1ER! &idh WAkl bEaBiGHY s o d"dngi 1" ecel ving
a domnllnk traffic signal fromthe first base station,

. scale with only a small amount of intozmation transmitted
‘between the control station and each of two of the base
stations that are related to movement of the mobile unit.

It ls a different. object of this invention to
provide a handoff control system for uge in a code
division multiple access mobile communication network
comprising a control station and a plurality of base
stations connected to the control station and having a
service area in vhich a mobile unit iz movable and which
is divided into cells for the respective base stations
with different service frequencies assiﬁnnd to the
respective base stations, which system is for controlling

 handoff for the mobile unit between two of the different
- frequencies in a short time interval and with a '
gsubgtantially no duzation of a deteriorated éignal
guality.

It i3 another different object of this invention

to provide a handoff control system which is of the type

described and in which each base station is on a small
secale with only a small amount of information transmitted
between the control station and each of two of the base
atations that are assigned with the above-mentioned two
of the different service frequencies.

_ It i1s still another different object of this
invention to provide a handoff control gystem for use in
a combination of a code division multiple access mobile

communication network and a neighboring or contiguous
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the first service frequency and is noving towards one of neighboring cells
that nay be called a destination cell. Furthernore, attention wll be

di rect’ed as a represent- ative to only one of such nobile units which may
be concurrently alive in the first cell. Al though different 4
transmtting the uplink and the downlink traffic signals, such different
frequencies will collectively be called_a service frequency. Wen the
nobil e unit approaches the cell border Between the first cell and the
destination cell, an

mobile communication network, the combination comprising
a control station and a plurality of bage stations
connected to the fbntrol station and having a common
service area in which a mobile unit is movable and which
is divided into cells for the respective base gtations
with different service frequencies assigned to tﬂe
respective base stations, which system is for controlling
bandoff for the mobile unit between two of the diffarent
service frequencies in a ghort time interval and with a
substantially no duration of a deteriorated signal
quality.

It is yet another different object ©f this
1nv§ntion t0o provide a handoff control system which 15 of
the type described and in which each base station is on a
small scale with only a small amount of information
transmitted between the control gtation and each of two
of the base stations that are assigned with the above-
mentioned two of the differant serxrvice frequencies.

It 15 a further different object of this

invention to provide a control station for use in a code
division multiple access mobile communication network
comprising a plurality of base stations connected to the
‘control station and having a service area in which a
mobile unit 1s movable and which is divided into cells
for the respective base stations with different service
frequencies assigned to the respective base statioms,
which contzrol station is for controlling handoff for

the mobile unit between two of the different service
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el ectromagnetic or radi o wave of the first service frequency becones very
weak to be objectionable at the nobile unit. In this event, the first
servi ce frequency nmust be handed off or over to a service frequency which-

is assigned to the destination cell, nanely, to the base station placed in
the destination cell. It takes a Iong time to find which of the neighboring
cells is actually the destination cell. During this long tine, the traffic

signal is received at the nobile unit altl the first base station with an
obj ectionabl e signal quality. Mreover, each base station and consequently

e oDt e comaasgd ) ' RS LaK SRR ot S ARBREARY ST e
tially no duration of a deteriorated signal quality.
It iz another further different object of this
invention to provide a control station which iz of the
type described and for which each base station 1s on a
small scale with only a small amount of information
transmitted between the control station and each of two
of "the base stations that are assigned with the above-
mentioned two of the Aifferent s¢rvice frequencies.
It Ls stll) another further different object. of
- this invention to provide a control station for use in a
combination of a code division multiple access mobile
commnnication network and a neighboring or cont.iguous
mobile comnmunication network, the combination comprising
a plurality of base stations connected to the coatrol
station and having a common service area.ln vhich a
mobile unit is movable and which is divided into cells
for the respectiwve base stations with different service
frequencies assigned to the resPectivé hase stations,
- which contzul station is for controlling handoff for the
mobile unit between two of the different service
'frequencies with a short time interval and with.a
substantially no duration of a deteriorated signai
gquality.
It is yet another further different object of
this invention to provide a control station which is of
the type described and for which each base station is on

a small scale with only a small amount of information
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stations situated in the neighboring cells. SUMVARY OF THE I NVENTION: It is
therefore an object of the present invention to provide a handoff control
met hod for ‘use in a code division nultiple access nobile communication
network conprising a control station and a plurality of base stations
connected to the control station and having a service area in which a
nmobil e unit is novabl e an REPLACEMENT SHIEET which is divided into cells for
t he respective base 5

transmitted betwsen the control station and each of two~
of the base stations that are assigned with the above-
mentionad two of the diffexent se:vice.frequencies.

Other objects of this invention will become clear
as the descrlption proceeds.

In accordance with an aspect of this invention,
there is provided a handoff pontroi method for use in a
code division multiple access mobile communication
network comprising a control station and first and second
bage stations connaoied to the base station and having a
service area in which a mobile upit is movable and which
is divided into a plurality of cells including first and
second cells neighboring each other, the handoff contxol
method compriging the steps of (a) assigning first and
second service fraquencies to the firxst and the second
base stations for trxaffic communication with the mobile
unit while the mobile unit is in the first and the second
cells, (b) detecting necessity of handoff between the -~
firsi and the second gervice frequencles, and (¢) dealing
with the handoff when the necesgity is detected,.wherein
‘{(A) the ‘assigning step assigns the second sexvice
frequency additionally to the first base station forx an
alternative nse in the traffic communication and the
first service frequency to the second base station for
transmitting only a pilot signal, (B) the dealing step
dealing with, while the mobile unit moves from the first
cell towards the second cell during the traffic

communication with £he first hase station on the first
-
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stations with different service frequencies assigned to t he respecti ve base
stations, which nethod is for controlling handoff for the nobile unit
bet ween two of the different service frequencies in a short tine interval
and with a substantially no duration of a deteriorated signal quality. It
i s another object of this invention to provide a handoff control nethod
which is of the type described and in whi ch each base station is on a smal|
scale with only a small anount of information transmtted between the
control station and each of two of the base stations that are related to
novenment of t heerwitd €roquéncyf landoififl Framdileefixteséxrefed hi s i nventi on
to provide a handoff control nethod for use in a conbination

frequency to the second service frequency when the

necegssity 1g detected.

In accordance with anothexr aspect. of this

invention, there is provided a handoff control method for

use in a combination of a code division multiple access

communication network and a neighboring mobile

communication network, the combination comprising a

cuontrol station and first and second base stations

connected to the control station and having a common

. sexvice arca im which a mobile unit is movable and which

is divided into a plurality of cells including a first

cell of the neighboring mobile communication network and

a second cell naighboring the first cell in the code

division multiple access mobile communication netwozrk,

the handoff control method comprising the step of (a)

assigning first and second service frequencies to the

first and the second base statlons for traffic -

communicatioh with the mobile unit while the mobile unit

iz in the first and the second c¢ells, (b) Aetecting
necessity of handoff between the first and the second
service frequenciles, and (c) dealing with the handoff
when the necessity is detected, wherein (A) the assigning
step assigns the second service frequency additionally to
the first base station for an alternative use in the
traffic communication and the first service frequency.to
the second base station for transmitting only a pilot

sigaal, (B) the dealing step dealing with, while the
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of a code division nultiple access nobile comunication network and a

nei ghbori ng or contiguous nobile comuni ca- tion network, the conbination
conpri=si‘ng -a control station and a plurality of base stations connected to
the control station and having a common service area in which a nobile unit
is novabl e and which is divided into cells for the respective base stations
with different service frequencies aSS|gped to the respective base
stations, which nethod is for controlling handoff for the nobile station
between two of the different service frequencies in a short tine interval -

and with a subsbbileathit Mbvddl ErbAntipd frde! el cuwidas ehal sekendaty. It
Is yet another object of this invention to provide a handoff control nethod
which is of theeil}ypduring the traffic communication with the first base
slation or the first sexvice frequency, handoff from the
first service frequency to the second service frequency
when the necesgity is deleted. |
In accordance with a different aspect of this
invention, theze_is provided a handoff control system for
use in a code division multiple accees mobile communica-
tion network compriéing & control station and first and
second base stations connected to the control station ;nd
having a service ar¢a in which a mobila unit is movabie
and which is divided into a plurality of cells including
first and second cells neighboring each other with the
first and the asecond base stations assigned with First
and second sexvice frequencies for traffic éommnnicaiion
> ~ with the mobile unit while the mobile unit is in the
. _first ?nd the second cells, the control station
— comprising a control device for detecting necessity of -
handoff between the first and the second service
frequencies and for dealing with the handoff when the
necessity 1s detected, wherein (A) the £first base station
1s additionally asaigned with the zacond se:vice'
frequency f£or an alternative use in the traffic -
communication, (B) the second base station comprising a
pilgt transmltting device for transmitting only a pilot
signal on the first service frequency, (C) the control

device dealing with, when the necessity 1g detected while

the mobile unl; moves from the first cell towards the
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6 described and in which each base station is on a small scale with only a
smal | anount of information transmitted between the control station and i
each of two of the base stations that are related to novenent of the nobile
unit. It is a different object of this invention to provide a handoff
control systemfor use in a code division nmultiple access nobile
communi cat i on network conprising a contypl station and a plurality of base
stations connected to the control station and having a service area in
which a nobile unit is novable and which

second cell during the traffic communication with the

first base station on the first sexvice frequency,
handoff fxom the first service frequemcy to the second
service frequency.

In accordance with another different aspect of
this inventlon, there is provided a handoff control
systep fox use in a combination of a code division
multiple access mobile communication netwoix and a
neighboring mobile communicatidn network, the ¢onbination
comprising a control station and first and second base

- stations conhected to the control station and having a
common gsexrvice area in which a mobile unit {s movable and
which iz divided into a plurality of cells including a
first cell of the neighboring mobile communication
negwbrk and a second cell neighboring the first cell 4in
the code division multiple accéas moebile communication
network with the first and the second base stations

" aggigned with £irst and second service frequencies for -~

traffic communication with the mobile unit while the

moblle unit 1s in the first and the second cells, the
control station comprising a control device for detecting
necessity of handoff between the fir¥st and the second
sefviee frequencies and for dealing with the handoff when
the necagsity 1is detectéd. whezein (A) the fir;t base
station 1is additionally assigned with the second service
frequency for an alternative use in the traffic
communication, (B) the second base station comprising a

pilot transmitting device for transmitting only a pilot
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Is divided into cells for the respective base stations with different
servi ce frequencies assigned to the respective base stations, which system
is for eontrolling handoff for t’he mobile unit between two of the different
frequencies in a short tinme interval and with a substantially no duration
of a deteriorated signal quality. It is another different object of this
invention to provide a handoff control jgystemwhich is of the type :
described and in which each base statlon is on a snall scale with only a
smal | anmount of information transmtted between the control station and

each of two ofsidnalbancthiéati s setlcar Srafuenged(oy tthe ROneRoYEe- NENt i ONEd
two of the different service frequencies.

davice dealing with, when the necessity is detected while

the mobile unit moves from the first cell towards the

second ¢ell during the traffic communication with the

first base ntation on the £irst service frequency. .

handoff from the firgt sexvice frequency to the second

sarvice frequency. . -

In accordance-with still another different aspect
of this invention, thexe is provided a control station
for use in a3 ¢ode divigion multiple access mobile
communication network pompriaing firgt and second base
gstations connected to the control station ana'having.a
_ ’ service axea in which a mobile unit i1s movable anﬁ which

is divided into a plurality of célls including f£irgt and

second cells neighboring each other with the first apd |

the second base stations assigned with first and second
. service frequencies for traffic commnication with the

mobile unit while the mobile unit is in the first and the

second cells, the control station comprising a control

device for detecting nacessity of handoff between the
first and the second service frequencles and for dealing
with the bhandoff when the necessity is detected, whereln
(A) the first base station is additionally assigned with
the second service frequency for an alternatlve use in
the traffic coﬁmnnication, (B) the second base station
comprising a pilot transmitting device for transmitting
only a pllot signhl on the £irst service frequency, (C)

the control device dealing with, when the neéassity is’
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It is still another different object of this invention to provide a handoff
control systemfor use in a conbination of a code division nultiple access
nobi | e conmuni cation network and a nei ghboring or contiguous 7. mobi l e
communi cation network, the conbination conprising a control station and a
plurality of base stations connected to the control station and having a
common service area’'in which a nobile jt is novabl e and which is divided
into cells for the respective base statTons with different service
frequenC|es assigned to the

detected while the mobile unit moves E£rom the first cell
towards the sacond cell during the traffic communication
with the firat base station on the first service
fraquency, handoff from the first service frequency to
the second service frequency.
In accordance with yet another different aspect

of this ianvuntion, there is provided a control station

" for use in a combination of a code divigion multiple
access mobile communication network and a neighboring
mobile communication network, the combination comprising
first and second base stations connected to the control
station and having a common service area in which a
mobile unit is movable and which 15 ‘Aivided into a
plurality of cells including a first cell of the
neighboring mobile communication network and a second
cell neighboring the first cell in the code division
multiple access mobile communication.network with the
first and the second base stations assigned with first

and second service frequencies for traffic communication

with the mobjle unit while the mobile wait is in the
first and the second cells, the control station
comprising a control device for detecting necessity of
handoff between the first and the second service
frequencies and fqr dealing with the handoff when the
necessity is detected, wherein (A) the first base station
is additionally a;signed with the second service
fragquency for an altaernative use in the traffic

communication, (B) the second base station comprising a
R
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respecti ve base stations, which systemis for controlling handoff for the
nobil e unit between two of the different service frequencies in a short
time i‘nterval and with a substartially no duration of a deteriorated signal
quality. It is yet another different object of this invention to provide a
handof f control systemwhich is of the type described and in which each
base station is on a snmall scale with Qly a smal |l anount of information
transmtted between the control statiof”and each of two of the base
stations that are assigned with the above- nentioned two of the different

servi ce frequ?ﬁ b€S Lrhhsmbt g WedeEe Utdd 7AREMObLECE iyl palByention to
provide a-confrol station for ‘use in a code
: signal on the First service frequency, (C) the contzol
device deallng.with, when the necessity is detected while
the mobile unit moves in the first cell towaxds the
gecond cell during the traffic communication with the
first bage station on the first service frequency, .
handoff from the first service frequency to the second
gservice frequency. |

BRIEF DESCRIPTION OF THE DRAWING:

Fig. 1 is a achematic top view of a COMA (code
division multiple access)'mobile communication network
comprising a conventional handoff control system;

Pig. 2 is a sequence diagwam for use in
describing conventional handoff control carried out by
the handoff control system depicted in Fig. 1;

Fig. 3 is a schematic top view of a CDMA mobile
communication network comgrising a handoff control system

according to a first embodiment of the instant inveation;

Fig. 4 exemplifies a table kept in a memoxy of
the handoff control aystem illustrated in Flg. 3;

Fig. 5 is a seguence dlagram for use in
dascribing handoff control carried out.by the handoff
control system depicted in Pig. 3; and

Fig. 6 is a schematic top view of a combination
of a CDMA mobile communication network and a nelghboring
mobile communication network, which combination has a
common gervice area for a mobile unit and comprises a
handoff control system according to a second embodiment -
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division multiple access nobil e conmuni cati on network conprising a
plurality of base stations connected to the control station and having a
service-area in which a nobile unit is novable and which is divided into
cells for the respective base stations with different service frequencies
assigned to the respective base stations, which control station is for
controlling handoff for the mobile unit betmeen two of the different
service 8 frequencies in a short tif® interval and with substan- tially
no duration of a deteriorated signal quality. :

of this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS:

Referring to Fig. 1, a conventional handéff
control system will fixgt be described in order to
facilitate an undexstanding of the present invention. 1In
FPig. 1, the handoff control system 1s used in a CDMA
(code divigion multiple access) mobile communication i
network, vhich is a digital cellular communication

. network according t0 I5-95 specified by the TIA
(Telecomnunications Industry Assoclation) of the United
States of America. | _

In the manner known in the art, the CDMA mobile
communication network has a service area reprasented by a
sheet surface of Fig. 1. In the service axea, a plu:él—
ity of moblle units are movable. By way of example, only
one mobile unit (MU) 11 is depicted. The mobile unit 11
may be a portable telephone handset, a mobile terminal
device carried on a vehicle, or a like device.

The serxvice area i3 divided into a plurality of
cells which lnclude first and gsecond cells 13 and 15
neighboring ecach other. The first and the second cells
13 and 15 are contiguous to each other at a cell boxder
which 1s depicted by a vertical dashed lLine.

| The CDMA mobile communjication network comprisaes a
contrxol station 17, which may not necessarily be situated
in the serxrvice area and may be an exchange office
connected to a public wixed communication network (not

shown). 1In the first and'the second cells, first and

heet Has Been qulaced

T |II|\\ I 1||



It is another further different object of this invention to provide a
control station which is of the type described and for which each base
station’is on a small scale with only a small anount of information
transmtted between the control station and each of two of the base
stations that are assigned with the above- nentioned two of the different
service frequencies. It is still anothey,further different object of this
i nvention to provide a control station Tor use in a conbination of a code
division multiple access nobile communication network and a nei ghboring or

conti guous nDbséEoNdBANY Gt @Bnpeiyida 21N8re O UlAEA0RNA0RPE | Si Ng 2
plurality of base stations connected to the control station and having a
common servi ceconuectad wWn theacontrol station 17. PBach of the first
- and the second stations 19 and 21 i3 a radio station, and
is connected to the control station 17 by a radioc or ;
wired link depicted by a solid line.

In the manner desc¢ribed heretobefore, first and
seocond service frequencles A and B are assigned to the
first and the second base stations 19 and 21. Assignment
of the first and the sedond service freguencies iz
indicated by legends FREQ A and FREQ B neaxr the
rectangles or blocﬁs indicative of the first and the
second base stations 19 and 21. The f£irst and the second
sexvice frequencies A and B are used by the first and the
second base stations 19 and 21 and by the mobile unit 11
in traffic communication while the mobile unit 11 is in
the first and the second cells 13 and 15, reapectively.
The traffic communication is transmitting a traffic
signal either from one of the f£irst and the second hase
stations 19 and 21 downwards to the mobile unit 11 or
Irom the moblile unit 1l upwards to one of the fixst and
the secﬁhd baze stations 19 and 21. In the example being
illustrated, the mobile unit 11 1is 1; the first cell 13
and is in traffic communication with the first base
station 19 as shown by a dashed line with arrowheads on
both ends.

The control station 17 compiises a control device
23. Serving as an element of the handoff control system,

the control device 23 detects necassity of handoff for
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nobile unit is novable and which is divided into cells for the respective
base stations with different service frequencies assigned to the respective
base stations, which control station is for control ling handoff for the
nobi |l e unit betmeen two of the different service frequencies with a short
time interval and with a substantially no duration of a deteriorated signal
quality. It is yet another further different object of this invention to

provi de a contro

station which is of tli8e type described.and for which each

base station is on a small scale with only a small anmount of information

-t

the moblile unit 11 batween the first aﬁd the sacond
sexvice frequencies R and B and deals with the handoff
when the necaessity is detected.

Referring to Fig. 2 in addition to Fig. 1,
conventlonal handoff control will be described more in
detaill. For thig purpose, it will be assumed that the
moblle unit 11 is currently moving in the first cell 13
towaxds the second cell 15. Usually, the first cell 13
is neighbored besides the second cell 15 by several other
neighboring ¢ells in which gituated are heighhoring basa
stationg collectively indicated 1n.F1g. 2 by a referonce
numaral 25. While present in the first cell .13, the
mobilae unit 11 receives from the first base station 19 an
electromagnetic or radio wave of the f£irst s;zviee
f:equenc} A. When the mobile unit 11 approaches the cell
border, this electromagnetic wave 13 received with a weak
field intensity to become eventually objectionably weak
to result in a deteriorated traffic signal quality.

In the meanwhile, the mobile unit 11 transmits a

result of a fleld intensity measurement to the £iret base
station 19 and thence to the control station 17 in the
manner depicted by a lefthand upﬁer horizontal line 27.
Receiving a report of the filald intgnsity measurement in
the control station 17, the control device 23 makes Lﬁa
control station 17 send a field intensity measure request
signal to the second bage station 21 and to all other
neighboring base stations 25 as indicated by righthand

upper horizontal lines 29.
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9 transmtted between the control station and each of two of the base
stations that are assigned with the above- nentioned two of the different
serviee: frequencies. Qther objects of this invention will beconme clear as

t he description proceeds. In accordance with an aspect of this invention,
thefe is provided a handoff control nmethod for use in a code division

mul tiple access nobil e comruni cation ne{ynrk conprising a control station
and first and second base stations connected to the base station and havi ng
a service area in which a nobile unit is novable and which is divided into

a plurality of cells idsivd1ag tb' e Mibile unit 11 the fiald
intensity measure request, the second base station 21 and
the neighboring base stations 25 receive and send back to
the e¢ontrol station 17 results of fleld intensity
measurement of electromagnetic waves of the sacond
service frequency B and other different service frequen-
cles assigned to the neighboring base stations 25. Such
reports are indicated by righthand lowez horizontal lines
al.

Regponsive to the reports 31 received at the
control station 17, the control device 23 judges that the
second cell 15 is a destimation cel) of the mobile unit

- 11. Through the first bagse station 19, the contro]
device 23 indicates the mobiI; unit 11 as depicted by a
lefthand lower horlzontal line 33 that handoff should be
carried out. from the first service frequency A to the
second service frequeney B. '

In this ‘manner, it takes in the conventional
handoff control a long time interval to identify which of
the second cc¢ll 15 and the other neigﬁboring cells ic - the
destination cell. After the destination cell is
1dentified, the handoff control is actually carried out.
Consequently., the traffic signal i1s received with the
deteriorated signal quality at the mobile unit 11 and at
the first base station 19. Inasmuch as the mobile unit
11 continuously uses the first service frequency A, the

second base station 21 and the other neighboring base

stations 25 are hardly possible to receive the traffic
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second cel |l s nei ghboring each other, the handoff control nethod conprising
the steps of (a) assigning first and second service frequencies to the
first- and The second base stations for traffic comunication with the
nobile unit while the nobile unit is in the first and the second cells, (b)
detecting necessity of handoff between the first and the second service
frequencies, and (c) dealing with the Bgndoff when the necessity is
detected, . wherein (A the assigning step assigns the second service
frequency additionally to the first base station for an alternative use in
the traffic cauommundaatdonafwbm thef moBilsamiitcallrr elueneprise tagesecond
base station for transmtting only a pilot signal, (B) the dealing step
deal ing with, e mebiie walt | mevesnbeyand the cabl fharder of the

i{rst cell 13 and may go astray.

Moreovex, the mobile unit 11 must measure the
field intengities of the clectromhgnetic w#vea received
from the gecond base station 21 and the other neighboring

- base stations 25. Alternatively, each of the second base
station 21 and the neighboring base stations 25 mugt
measure the Field 1ntensit1es of ;he electxonagnetic
waveg sent back from the mobile unit 11. As a result,
the handoff control system and each base station must be
on a large scale. A greai amount of information must be
transmitted bhetween the contral station 17 and the second
base station 21iand the neighboring base stations 25.

Referring now to Fig. 3, the description will
ﬁroeeed to a handoff control system accurd_ing to a first
preferred embodiment of this invention. Throughout the
following, similar parts are designated by like xuferenée' -

numarals and are similarly operable unless otherwise

specifically mentioned. The handoff control system is
nsed in the CDMA moblle communication network of the type
described in the foregoing.

In Fig. 3, the cell borxder is not depicted
because such a border has no important physical meaning
in view of the fact that the uplink and the downlink
handoff points may diffex from each other as pointed out

heretobefore. The reference numerals 13 and 15 for the
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cell towards the second cell during the traffic comunication with the
first base station on the first servi ce frequency, handoff fromthe
first servicce frequency to the second service frequency when the necessity

i s detect ed.

I n accordance with another aspect of this invention,

provi ded a handoff control nmethod for use in a conbination of a code
division nmultiple access communication.jetwork and a nei ghboring nobile
comuni cati on network, the conbination“Conprising a control station and
first and second base stations

£irst and the gecond cells are omitted merely for
simplicity of illustration. '

In the CDMA.mobile communication network, it will
be presumed ‘that the first and the second base stations
19 and 21 are base stations of high and low traffic. The
first and the second bage stations 19 and 21 are
therefore assigned with two layers and omnly a single
layexr of service frequencies. For example, the second
service frodquency B is additionally assigned to the first
bagse gtation 19 while the second service fréquency B
alone 1s assigned to the second bage station .21 in the
manner indicated beside the first and the second base
stations 19 and 21. In the first base station 19, the
éecond service frequency B is used 1n.tr$££1c éammunieaw
tion with another mobile unit (not shown) which may be
concuyrently present in the first cell 131 in addition to
the mobile unit 11 kept in the traffic communication on
the first sexvice frequency A. In a speclfic case where -

neécessity arises. it is possible to use the second

sarvice frequency B in an alternative use in the traffic

commnleation between the first base station 19 and the

mobile unit 11 currently present in the first cell 15.

The second bage station 21 comprises a pilot

transmitting device (PILOT TX) 35 which is dgpicted

separately of the second base station 21 merely for
clarity of illustration. As depicted by a dotted line
with an arxowhead near the mobile unit 11, the pilot

transmitting device 35 is for transmitting on the £irst

there is
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connected to the control station and having a common service area in which
a nobile unit is novable and which is divided into a plurality of cells
including a first cell of the neighboring nobile comruni cati on network and
a second cell neighboring the first cell in the code division nultiple
access nobil e communi cation network, the handoff control nethod conprising
the step of (a) assigning first and secpnd service frequencies to the first
and the second base stations for traffic communication with the nobile unit
while the nmobile unit is in the first and the second cells, (b) detecting
necessity of he&muwic¢e Xreguencyhad 4ipsiotasdghal welndapecarry &requenci es,
and (c) dealing,wth_ the handoff when the negessity is detected, wherein
(A) the assigngﬁﬁited amount of information as pointed out im the

United States patent referred to hereinabove.

Turnlng to Flg. 4 with Pig. 3 continuocusly

referred to, the control device 23 of the control station

1V comprises a memory 37 for keeping a table exemplified

in Fig. 4. ‘“The table is acvessible by pllot information

(PI) specific to each pilo£ signal which may be the pilot

signal beiny described. 1In order to access the table,

the fizst base station 19 transmits to the control

station 17, as adjacent information of the repoxt of the

field intengity measurement., the pilot information

specific to the pilot sgignal transmitted from the pilot

trangmitting device 35 of the second baze station 21.

. When accessed by the pilot information and when this

pllot information is received from the first base station

19, the table identifies the second seyvice frequency B

which is assigned to the second base station 21 and is -

indicated on a rightmost column in the table. It is

possible in connection with the above that the adjacent.

Anformation is accompanied by the signal of the first

service frequency A. It is furthermore possihle to mike

the table indicate the second base station 21 in addition

to the second service frequency B as indicated along a

middle column. It should be noted in this connection

that indication of the hase statlon 21 in the t#ble is

not indigpensable.
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step assigns the second service frequency additionally to the first base
station for an alternative use in the traffic comunication and the first
service:frequency to the second base station for transmtting only a pil ot
signal, (B) the dealing step dealing with, while the nobil e unit noves
fromthe first cell towards the second cell during the traffic

communi cation with the first base statigy or the first service frequency,
handof f fromthe first service frequency to the second service frequency
when the necessity is deleted. In accordance with a different aspect of
this The illustrated handoff control system therefore

comprises rsceiviﬁg means (RX) and dealing means (DL)
which axve depicted 1n Fig. 3 by each signal line and
artnwheads directed towards and away from the control
devico 23. The receilving means recelves from the first
bagse station 19, together with the pilot information, an
- indication indicating, when the mobile unit 11 m0ves.1n
- the firat cell 13 to approach the second cell 15 during
the traffic communication on the first service frequency
A, that the field intensity of the electromagnetic wave
of the first service frequency A becomes objectionable
below a predetexmined limit either at the mobile uwnit 11
or at the first base station 19. In this event, the.
receiving means detects necessity of handoff of the first
service frequency to a certain one of othex service
frequency. By referring to the memory 37 in response to
the pilot information, the Gealing means identifies the
second service frequency B as the above-described one of
otherlservice frequencies and deals with the handoff from

the first service frequancy A to the second service
frequency B for the traffic communication between the
mobile unit 11 and the second base station 21.

Referring to Fig.'s and continugusly to Figs. 3
and 4, operation will be described in connection with the
handoff control system being described. As in Pig. 2,
the mobile unit 11 and the control station 17 are
indicated together with the first and the second base

stationz 19 and 21 by three vertical lines with a middle
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i nvention, there is provided a handoff control systemfor use in a code
division multiple access nobile conmunica- tion network conprising a
control station and first and second base stations connected to the control
station and having a service area in which a nobile unit is novable and
which is divided into a plurality of cells including first and second cells
nei ghbori ng each other with the first aspgl the second base stations assigned
with first and second service frequencies for traffic comrunication with
the nmobile unit while the nobile unit is in the first and the second cells,
the control steefblealbddnessgdateoindizatdethecfinat a@atifori tiye necessity of

handof f between t.he first and the second service frequencies and for
deal i ng with tRecopdhdrage gtakiong 19 and/or 21 depending on the

circumstances. It will be surmised that the mobile unit
11 18 in the first éell 13. .

The f£irst bagse station 19 transmits the pilot
 information on the first service frequency A to the
mobile unit 11 as adjacent information accompanying the
downlink traffic signal. The uplink traffic signal is
transmitted from the mobile unit 11 to the £first base
sration 19 also on the first service fregquency A.

In this event, the mobile unit 11 continuously
monitors in responge to the pilot information the pilot
signal and the field intensity of the electromagnetic .
wave received there on the first. service freguency A.
When the field intensity becomes objectionable below the

predetermined limit, the mebile unit 1! sends an
indication o report of this deteriorated field intensity
as the uplink signal to the firat base station 19, whiech ™~
conveys the indication to the control statibn 17 togethex
with the pilot information. Transmizsion and conveyance

.of theae indlcations are indicated by an upper borizontal
line 39. Responsive to the indication conveyed, the

 receiving means finds the necessity of handoff.

It will now be additionally surmised that the
mobile unit 11 moves towards the second cell 15 during
the tratfic commanication on the first service frequency
A although the bandoff control system can not yet know

the second cell 15 as the destination cell merely by the
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necessity is detected, wherein (A) the first base station is additionally -

assigned with the second service:frequency for an alternative use in the
(B) the second base station conprising a pilot
transmtting device for transmtting only a pilot signal

traf fi c. communi cati on

on the first

service frequency, (C) the control device dealing with, when the necessity

is detected while the nobile unit noves28romthe first cel

12 second cel

towards the

during the traffic conmunication with the first base station
on the first sarvice

ndicatiagqggﬁgayad to the control station 17. when the
necesslty 18 detected and furthermore when the pilot
signal is received at the mobile unit 11 with a éredater—
mined intensity or above, the dealing means xefers to the
memory 37 and indicates hard handoff from the first
service freguency A 10 the second service frequency B.
This indication is conveyed from the control station 17
to the second base station 21 and {s transmitted
therefrom further to the mobile unit 11 as indicated by a
lowar horizontal line 41. <The indication is furthermore
conveyed from the cbntrél gtation 17 also to the first
base station 19 to interrupt the indication of the pilot

information which hhs been used as the adjacent

- information. The hard handoff is carried out in this-

manner in a shoxt time interval when the necessity 1is
detected.

| It ls possible to likewise measure the field
intengsity ét regular intervals rather than continuously

and at the first base station 19, Continuous massure-

ment, howevur, dispenses with use of a wmemory and oOf

refireshing neans described in the United States patent

being referred to. Transmission of the pillot information -

to the mobile unit 11 may be either only inatantaneocusly
uéon entrance of the mobile unit 11 into the first cell
13 or intermittently during presence of the mobile unit
11 in the £irst cell 13 in connection with pilot signals
which ara used in the second base station 21 and in other

neighboring base stations 25. Conveyance of the pilot
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handof f fromthe first service frequency to the second service frequency.

I n accordance with another different aspect of this invention, there is
provi ded a‘handoff control .systemfor use in a conbination of a code
division nmultiple access nobile conmunicati on network and a nei ghboring
mobi | e comuni cati on network, the conbination conprising a control station
and first and second base stations conrécted to the control station and
havi ng a conmon service area in which a nobile unit is novable and which is

divided into a plurality of cells includin €E$ first cell?ég t he nei ghbori ng
nobi | e comuni ‘B‘?‘P‘r*@f‘vxﬁf’k%oc%ts@&oﬁﬂa } 1{cPg¥pHBe i PR X he first cell

0 the code di ¥l.5).00 JIdhLRY 286855 WRER! G YBBRERbABe the

deteriorated field intensity. It is thns possible to
render the handoff control system small scaled and to
reduce the amount of information transmitted between the
firgt base station 19 and the control atation 17 and
between the first base station 19 and the mobile unit 11.
It is furthermore possible to use a little amount of
information in identifying eimilar pilot signals used. in
the neighboring base stations 25. Incidentally, it is
poessible to understand that the raceiving means (RX) and

i ~the dealing means (DL) are alternatively represented by
the horizontal lines 319 and 41.

-~ _' Referring to Flg. 6, attention will be dizected
to a handoff control system according to a second
preferred embodiment of this invention. This_handoff
control system for use in a combination of a CDMA moiile
communication network and a neighborxing or contiguous

nobile communication network, which is not operable in

' accoxdance with the CDOMA technique and is typilcally an.
analog cellular mobile cbgmunication network.

Each of the CDMA and the neighboring mobile
communication networks has a service area. Merely for
convenience of the description theh follows, the service
area of the neighboxring mobile communication network is -
herein called a primary service area with that of the
CDMA mobile communication network called a secondary

sexvice area. The primary and the secondary service
S
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network with the first and the second base stations assigned with first and

second service frequencies for traffic communication with the nobile unit
while'the nobile unit is in the first and the second cells, the control
station conprising a control device for detecting necessity of handoff
between the first and the second service frequencies and for dealing with
t he handoff when the necessity is deteciyed, wherein (A the first base
station is additionally assigned with the second service frequency for an
alternative use in thetraffic communication, (B) the second base station
conpri si ng a pateas tmagh9¥ mayngoticpdxidyf owverlap an achgothey andidoot

define a common service area in which the mobile unit 11
is mnvable. The control gtation 17 is preferably in the
common area and comprises the control device 23 which in
turn compriszes the memory 37 for the table and is
accompanied by the receiving means (RX) oxr 39 and thai
dealinqg means (DL) or 41.
- The primary service area 18 divided into a
. plurality of primary cells which nnf be the umbrella
cells. The secondary service axea is divided into
anothar plurality of second;ry cells, such as the
microcells, some of which neighbox at least a pertinent
one of the primary cells to form pairs of cells. Im the
common service area, such a palr of cells consi;ts of a .
First cell 13 of the primary service area and a second |
cell 15 neighboring the first cell 13 in the secondary
gervice area. The sacond cell 15 may be wholly included
in the first cell 13, in which case only a part of the

first cell 13 will herein be referred to afresh aa a

firat cell 13 that has no common area with the second
cell 15. |

The first and the second base stations 19 and 21
are in the first and the gecond cells 13 and 15 with the
£izrst and the second service frequencies A and B and the
second service frequency B alone assigned to the first
and the secund base stations 19 and 21. The pilot signal
transmitting device 23 accompanies the second base

station 21. In practlce, the control station 23 is not
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13 signal on the first service frequency, (C). the control device dealing
with, when the necessity is detected while the nobile unit noves fromthe
first 'cell ‘towards the second cell during the traffic conmunication with
the first base station on the first service frequency, handoff fromthe
first -service frequency to the second service frequency. In accordance with
still -another different aspect of this 4gwention, there is provided a
control station for use in a code division nultiple access nobile '
comuni cati on network conprising first and second base stations connected
to thé& control codmddtad dideBOly N dha base station 21 ana depicted but

is connected to anothaer conirol station (not shown) of
the sgcondary network through a network interface (not
shown) with 3 result that statns of the secondary
network, such as the necessity of handoff, is transmitted
to the control station 23 through the control staticn of
the seéOndary network and the network interface. When
tae primary and the secondary service areas do not
ovexlap but merely neighbor each othexr along an area
border, it is possible to understand that the first and
the second cells 13 and 15 are in the secondary and the
primary service areas, respectively. 1In other respects,
the handoff control system of Fig. 6 is similar in
‘structure and operation to that illustrated with
reference to Figs. 3 to 5. '

While this invention has thus far been described
with gpecific reference to Figs. 3 to 6, it will now be
readily possible for oﬁe skilled in the art to put this
invention into practice in various other manners. For
éxample, it. is possible that a satellite communication
network i3 included either in the CDMA mobile communica=-
tion network or in the combination described in the

foregoing.
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service area in which a nobile unft is novable and which is divided into a
plurality of cells incJuding first and second cells nei ghboring each ot her
with the fi'rst and the second base stations assigned with first and second

service frequencies for traffic comunication with ;EEfEEE%Lg_EﬂLL_Miﬂie
the nobile unit is in the first and the second cells; ontrol station
conprising a control device for detectigy necessity mg ‘'t he
first and the second service frequencies and for deaf‘&“@mmﬁ\m of f
when the necessity is detected, wherein (A) the first starioh i%s
additionally assigned with the second service frequency for an alternative

use in the traffic comuni eation, (B) the second base station conprising a
pilot transmtting device for transm t CLAYMS

1. A handoff control method for use in a code
dvision multiple access mobile coﬁmnnication netwoxk
comprising a control station and first and second base
gtations connected to sald control station and having a
Servige area in vhich a mobile unit is movable and which

< T is\divided into a plurality of cells including first and
second cells neighboring each other, séid handoffleontrol

.- mnethod comprising thea steps of assighlng firs} and second
service frequencies to said first and said second basé

- stations for traffic communication with said mobile unit,
while 2aid mobile unit is in said £irst and sald second
cells, detecting necessity of handoff betwean said first
and saild second service frequencies, and dealing with
gaid handoff when said necessity is detected,
characterised in that:

gsald assigning step assigns sald second sexvice

frequency additionally to said first base atation for an

alternative use in said traffie communication and said
first service frequency to sald second base station for
transmitting only a pilot sigmal;

said dealing step dealing with, while said mobile
unit moves in said first cell towards sald second cell
during the traffic communication with said first base
station on sald first service frequency, handoff from
sald first sexvice frequency to sald secand service

frequency when said necessity is detected.

I
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only a pilot signal on the first servi ce frequency, (C the control device
.dealing with, when the necessity is 14 detected_mhLLe_Lhe—nebkFe—unlt
noves ‘fromthe first cell towards the second cell durin

comunication with the first base station on the flmm mtl“ “ﬁ&ﬂ ency,
handof f fromthe first service frequency to the sec ency.

In accordance with yet another differengp aspect of this |nvent|on there is
provided a control station for use in a conblnatlon of a-code division

mul tiple
2. A handoff control method for use in a

" combination of a code.division multiple accesd moblle
communication network and a neighboring mobile
communication netwozk, sald combination comprising a
contrxol station and firast and second base stations |

| coﬁneoted to sald control station and having a common
service area in which a mobile unit is movable and which
includes a tirst cell of said nelghboring mobile
communleation network and a second cell neighboring saild
first cell in said code division multiple accass mobile
communication network, said handoff control method
comprising the steps of assigning f£irst and second
gervice frequencles to said first and said second iase
stations for traffic communication with said mobile unit,
while sald mobile unit is in said first and said second
cells, detecting necesgity of handoff batween said first
and said gsecond service frequencles, and dealing with
sald handoff when said necessity is deteéted. -
charactariged in that:

| said assigning step as=signs sald second service
£requency additionally to sald first base station for an
alternative use in said traffic communication and said
first service frequency to said second base station for

'transmitting only a pllot signal;

sald dealing step dealing with, while sald moblle
unit moves in said first cell towards said second cell
during the traffic communication with said first base

station on said first service frequency, handoff from
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access nobil e communi cation network and a nei ghboring nobil e comuni cati on
net wor-k, the conbination conprising first and seceﬂd~base—sLaLLQns___

connected to the control station and having a ‘como ervice area in whi
a nobile unit is novable and which is di vided into “ ,”“ IIs
including a first cell of the neighboring nobile c rk and

a second cell neighboring the first cel4i1in the code d|V|S|on nultlple
access mobil e conmunication network with the first and the second base
stations assigned with first and second servie frequencies for traffic
comuni cati on said fhmstheiezvdcenErequency thesabdiderondi service the first
and the second cells, the control station con3£|5|n%La control device for
det ecti ng necefseqyengy when said necessity is detecte

3. A handoff control method as claimed in ¢laim
1 or 2, characterised in that said dealing step compriases
the s¢teps of: ’

kéeping’ in said control station a-tahle
accessible by pilot information specific to said pilot
signal for identifying said second service frequency;

~ | racelving as detection of sald necessity from
gald first base station an indication indicating,
together with said pilot information, that a field
intensity of an electromagnetic wave qf sald second
gexvice fredquency becomes objectionable at said moblle
unit; and ' .

referring responsive to.said 1naicaiion to said
iahle-to deal with the handoff.f?om sald first service
frequency to said seéond service frequency.

4. A handoff control system for use in a code
division multiple access mobile commun;cation network
comprising a contxol station and first and second base
stations connected to gaid control station and having a
service area in which a mobile unit is movable and which
is divided into a plurality of cells inclunding first and
second cells neighboring each other with sald first and
sald second base stations assigned with firet and second
sarvice frequencies for traffic communication with gaid

mobile unit while said mobile unit is in said first and

-gald second cells, saild control station comprising a
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handoff between the first and the second service frequencies and for
dealing with the handoff when the necessity is dete

first "base‘station is addltlonally assigned with the sec
frequency for an alternative use in the traffic co ﬂf@ gm‘awmhe
second base . station conprising a pi | ot transn1t
transnlttlng only a signal on the first3®ervice frequency (© the control
device dealing with, when the necessity is detected while the nobile unit
noves in the first cell towards the second cell during the traffic
comuni cation ®PRhrehdevice for detecting necessity of handoff between
said first and sald second service frequencies and for
dealing with said handoff when sald necessity is
detected, characterised in that: |
sald first base station is additionally assigned
with sald second service frequency for an altermative use
in sald traffic coﬁmunication;
sald second base staticn comprisiang a pilot
transmitting device for transmitting only a pilot signal
on said first service frequency;
sald control device dealing with, wheﬁ sald
nacessity is detected while said mobile unit moves in
sald first cell towards said second cell during the
traffic communication with said first. base gtatioh on
said fixst sexvice f£requency, handoff from said first
service :Erequencj t0 sald second service frequency.
5.= A handoff control system for use in a
combination of a code division multiple access mobile -
communication network and a neighboring moﬁile
commanlication network, sald combination comprising a
control statlon and first and second base stations
connected to said control station and having a common
service area in which a mobile unit is movable and which
includes a flrst cell of said neighboring mobile
communication network and a second cell neighboring said
£irst cell in salid code divicion multiple access mobile

communication network with sald £irst and sald cecond

base stations assigned with first and second service

This Sheet Has Been Replaced




first base station on the first service frequency, handoff fromthe first
service frequency to the second service frequency. BR-EFBESCRIFPTION OF THE

DRAW NG Fi'g. 1 is a schematic top view of a CDVA (code diMiSi ltiple
Xaccess) nobile comruni cation network conprising a m“ mmg“ﬂﬂm“off
control system Fig. 2 is a sequence diagramfor u I 'ng
conventional handoff control carried ousd by the handoff control system
depicted in Fig. 1; Fig. 3 is a schematic top view of a CDVA nobile

comuni cati on network conprising a handoff control system according to a
first enbodi nefreguencies foranratfile aomgunication Vé%i‘npﬂldit@bl& abl e kept

'n a memory Ofunit thle sald mobile unit is in said first and said
second cells, said control statioﬁ comprising - a control
davice for deteéting necesaity of handoff betwaen saié
£fizrgt and sald second service frequencies and for dealing
with said handoff when said necessity is detacted,
characterised in that: .

sald first basa station 1s additionally asgigned
with said second sérvice frequency for an alternative use
. in said traffic communication; _ '
said second base station.cmmprising a pilot
— transmitting device for transmitting only a pilot signal
on sald first service frequency;
sald contral device dealing with, ;hen said
necessity ie detected while said mobile unit. moves in
sald first cell towards sald second cell during the
traffic communication with said first base station on
gaid first service frequency, handoff from said_first
_service frequency to said second service frequency.
6. A handoff control system as claimed in claim
6, charactexlsed in that said neighboring mobile
commnnicaﬁian network is operable in aceordance with
other than a code division mulﬁiple access technigue and
is an analog mobile communication netwoxk.
7. A handoff control system as claimed in claim
4 or 5, characterised in that said control device
conmprises:
[ —
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t he handbff control systemillustrated in Fig 3; Fig. 5 is a sequence
di agram for use in describing handoff control carried out by the handoff

control 'systemdepicted in Fig. 3; and Fig. 6 is a schemtictoep—viewof a
conbi nati on of a CDMA nobile comuni cation network and a ne |§hbor|ni ﬂnblle
n

communi cation network, which conbination has a comon ﬂ“ﬂ“ E ﬂﬂ! a
nmobile unit and conprises a handoff control systen1ac A d
enbodi nent 16 of this invention.

a memory for keeping a table accessible by pilot
information specific to said pilot signal for identifying
sald second sexvice £zaquendy;

receiving means for recelving as detection of
said necegsity from said first base station an indication
indicating, together with sald pilot information, thatr a
field intensity of an electromagnetic wave of saild first
sexrvice frequency becomes objectionable at said mobile
unit; and )

dealing means.by referring responsive to said
{ndication to sald memory for dealing with the handoff
from said first service frequency to said second service
frequency.

| 8. A coptral station for use 4n'a co@e divisien
multiple access mobile commun;cation network comprising
first. and second base stations connected to said control
station and having a service area in which a mobile unit
is movable and which is divided into a plurality of c¢ells
including first and second cells nelghboxing each otpez
with sa:!.{.l first and sald second base stations agsgsigned
with fiést and second service frequencies for tragffic
communication with said mobile unit while said-mobile
unit is in said f£irst and said second cells, said control
station compricing a control davice for detecting
neceséity of handoff between said first and said second
service frequencles and for dealing with said handoff
when said necessity is detected, charactarised in that:

—_—
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DESCRI PTI ON OF THE PREFERRED EMBODI MENTS: Referring to Fig. 1, a
conventional handoff control systemw |l first be described in order to
facilitate’an understandi ng of the present inventioefn—n F:g 1 the
handof f control systemis used in a CDVA (code divi §j | e access)
nmobi | e communi cation network, which is a digital cequﬂ L& "ion
network according to | S-95 specified by _the TIA (Tel s

| ndustry Association) of the United St aA%s of Anerica. I'n the manner known
in the art, the CDVA nobile comrunication network has a service area

represented by a sheet%ﬂr#ol‘/:g%ggogggé%atﬁé net r?t}ﬁﬁri\bhﬁilﬁrﬁé‘u@néﬁ urafl

ity of nobile units ar exanpl e
with sald gecond service frequency for an alternative '‘use

 in said traffic communication;

sald second base station comprising a pilet
transmitting device for transmitting ' only a pilot signal

~on sald first service frequency;

@gaid control device dealing with; when said
necessity is detected while said mobile unit moves in
sald first cell towards said second cell during the |
traffic communication with said first base station on
sald first service frequency, handqtf £rom said first
‘sexvice Erequency to said second gexvice frequency.

9. A control agtation for use in a combination of
a code diviuién multiple access mobile communication
network and a neighboring mobile communication netwoxk,
said combination comprising first and second base
stations connected to said control station and having a
comon sexXvice area in which a mobile unit is movihle and

which is divided into a plurality of cells including a

£: rst cell of said neighhoring mobkile communlcation
network ‘and a second cell neighboring said first cell in
sald code division multiple access mobile coumﬁnication
network with said £irst and said second base stations
assigned with first and second service frequencies for
traffic communication with said mobile unit while said
mobile unit is in said first and said second cells, said |

control station compriging a contzol device for detecting

This Sheet Has Been R
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onne nobile unit (MJ) 11 is depicted. The nobile unit 11 may be a portable

t el ephone handset, a nobile term nal device carried on a vehicle, or a like
device. rThe service area is divided into a plurality of cells which include
first and second cells 13 and 15 nei ghboring eacH u “llllunlé and the
second'cells 13 and 15 are contiguous to each ot mu m[lull er which
Is depicted by a vertical dashed I|ine. €ﬁ CDMVA nohi I°e ¢onfrunt cdti on
network conprises a control station 17, ich may not necessarily be
situated in the service area and may be an exchange office connected to a

public wired CAERMSLERY Y HARHMRE DA DRlers 3AUA) £114t. (dH Ghld! s@dshd he second

cells, first and
service frequencies and for dealing with said handoff

when said nocessity 1s detected, charactérised in that:
gaid first base station Lis additiomally assigned

with said soecond sexvice fraquency for an alternative use

in 9aid traffic communication;

| 8aid second base station comprising a pilot

transmitting device for transmitting only a pilot signal

on 83aid first service frequency;

said control device dealing with, when said
necessity is detected while said mobile unit moves in
said first cell towards Qﬁid second cell during the
traffic communication with said first base station on
sald fixrst serxvice frequency, handoff from said first
service frequency to said secoha sexvice frequency.

10. A control station as claimed in eclaim 8 ox
9, characterised in that said control device comprises:

a memory £ox keeping a table accessible by pilot
information specific to said pilot signal for identifying
said second service freguency;

recelving means for receiving as detection of
sald necessily from said first base station an indication
indicating, together with said pilot information, that a
field intensity of an electromagnetic wave of sai& second
sarvice f£requency becomes objectionable at said mobilae
unit; and

dealing means by referring responsive to sald

indication to sald memory for dealing with the handoff
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17 second base stations 19 and 21 are situated and are connected to the
control station 17. Each of the first and the second stations 19 and 21 is

a radio station, and is connected to the control a radi o or
wired link depicted by a solid line. In the manner de before
first and second service frequencies A and B are a ﬂ”ﬂ@ lﬁr st and
t he second base stations 19 and 21. Assi nment ‘of wan second

servi ce frequencies is indicated by | egends FREQ A and FREQ B near the
rectangl es or blocks indicative of the first and the .

— from said first service frequency to sald second service
f£requency. )
—
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second base stations 19 and 21. The first and the second service
frequencies A and B are used by the first and the second base stations 19
and 21 and by the nobile unit 11 in traffic conmunication while the nobile
unit:11 is in the first and the second cells 13 and 15, respectively. The
traffic communication is transmtting a traffic signal either from one of
the first and the second base stations 19 and 2[err] downwards to the
nobile unit 11 or fromthe nobil.e unit 11 upwards to one of the first and

t he second base stations 19 and 21. In3Bhe exanple being illustrated, the
mobile unit 11 is in the first cell- 13 and is in traffic conmmunication with

the first base station 19 as shown by a dashed |ine with arrowheads on both
ends.

HANDOFF CONTROL WITH A PILOT USED IN A CELL OF A NEIGHBORING
CELL IN A CDMA MOBILE COMMUNICATION NETWORK ON A SERVICE
FREQUENCY OF THE NEIGHBORING CELL

ABSTRACT

To expedite handoff control while a mobile unit (11) mov.es between first and
neighboring second cells, A and B frequencies and the B frequency alone are assigned
for traffic communication to first (19) and second (21) base stations connected toa
control station (17) with the second base station aécompanied by a pilot transmitting
device (35) for transmifting only a pilot signal on the A frequency. As soon as informed
of deterioration in a ficld intensity of the A frequency at the mobile unit together with
pilot information specific to the pilot signal from the first base station, the control station
finds that the mebile unit approaches the second base station and deals with handoff from
the A frequency to the B frequency. |

Fig. 3 >

_—
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The control station 17 conprises a contr,ol device 23. Serving as an el enent
of the handoff control system the control device 23 detects necessity of
handoff for’ 18 the nobile unit 11 between the first and the second
service frequencies A and B and deals with the handoff when the necessity
is detected. Referring to Fig. 2 in.addition to Fig. 1, conventional

handoff control will be described norejjyn detail. For this purpose, it
will be assuned that the nobile unit 11 is currently noving in the first
cell 13 TN 73 ". AT
o [TcontROL | &
": DEVICE :"
: CONTROL STA
_ ' 19 '§7\~\ E 21 <7
- | \ \\ 13 : \
BASE e : BASE |
- STATION YV J STATION -
FREQ A : FREQ B
1" '
Nwmu]| ! 15
I
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o 19 17 21 25
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towards the second cell 15. Usually, the first cell 13 is neighbored

besi des the second cell 15 by several other neighboring cells in which
situated are nei ghboring base stations collectively indicated in Fig. 2 by
a reference nuneral 25. Wile present in the first cell 13, the nobile unit
11 receives fromthe first base station 19 an el ectronagnetic or radi o wave
of the first 'service frequency A Wen the nobile unit 11 approaches the
cell border, this electromagnetic wavejirg received with a weak field
intensity to becone eventual |y objectlonably weak to result in a
deteriorated traffic signal quality. In the neanwhile, the nobile unit 11
transmts a result of a field |ntenSTty-NE62?n1ﬂnﬁu11o the first base

station 19 and thence to the control statj6n 17 |n t he
L CONTROL ;
r DEVICE i
i CONTROL SEA "
19 21
N . /
\q\ -.-"‘ Pl..
- : N BASE ~ - BASE
- " STATION ‘:7‘ LOT1| sTATION
FREQ A FREQ B
- FREQ B 11 ~
MU
37
PL. L
" BASE BASE FREQ
| STATION 18 | STATION 21 B

FIG. 4
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manner depicted by a | efthand upper horizontal |ine 27. Receiving a report
of the.field intensity nmeasurenment in the control station 17, the control
device 23 nmakes the control station 17 send a field intensity neasure
requést signal to the second base station 21 and to all other neighboring
base stations 25 as indicated by righthand upper horizontal |ines 29. 19
Conveying to the nobile unit 11 the field intensity measure request, the
second base station 21 and the nei ghbgysng base stations 25 receive and
send back to

1 1921 17

FIG. 5

ettt § Lol 1
E . /23 %‘.-17
v | CONTROL |
: DEVICE :
. CONTROL STA |
T -. NV
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the centrol station 17 results of field intensity rreasurerre f
electronagnetlc waves of the second serV|ce frequency B and d$f

service freguer . ..44} mgi ghbori ng base stati dn
reports ar FVnBﬁE&P Mg%ﬂ* AY tzgand opper hori zontal |ines 31. Respon3| ve to
the reports EIDF@E'@P%*d age la% Jaedt tat ion 17, the control device 23

j udges t hat|] JHElaim{syng: paged %kto; paged nation cell of the nobile.unit 11.
Through t hd B Dsawipgsk : peged;. Qtolgagep mntrol devi ce 23 indicates the
mobi | e uni t| JRrAbstragepi ¢ peged #8dhamd| | ower horizontal line 33 that

handof f shdqul d be carried out fé? he first service frequency A to the
second servi %ATEEGFEREGE@T....? .............
HANDOFF CONTROL WITH A PILOT USED IN A CELL OF A NEIGH-

BORING CELL IN A CDMA MOBILE COMMUNICATION NETWORK

ON A SERVICE FREQUENCY OF THE NEIGHBORING CELL

BACKGROUND OF THE INVENTION:

This invention relates to handoff control used
for a mobile unit either in a CDMA (code division
multiple access) mobile communication network or in a
combination of the CDMA mobile communication network and
a neighboring or contiguous.mobile communication network,
such as an analog cellular network, which is operable -in
accordance witﬁ other than a CDMA technique.

In the' manner deséribed in United States Patent
No. 5,295,153 and as will laper be described in greater
detaill, a CDMA mobile communication network has a service
area in which a meile unit is movable and which is
divided into a ‘plurality of cells 1nc1udihg first and
second cells neighboring each other. The CDMA mobile
communication network comprises a control station and
first and second base stations connected in the first and
the second cells to the control station. First and
second service frequencies are assigned to the first and

the second base stations for traffic communication with

the mobile unit while the mobile unit is in the first and

the second cells, respectively. REPLACEMENT SHEET
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In this manner, it takes in the conventional handpf RERLAGENH SHEBRg] ti me

interval to identify which of the second cell 15 ang~tne other nej ghboring
cells is the destination cell. After the destinatijo W grentilied,
"the handoff control is actually carried out Cons¢q eEF?Y”nfhe trEf ic
signal is received with the det eri or at ed? si gnal qualy ile unit

11 and at the first base station 19. |nasmuch as tthe nobile unit 11

continuously uses the_first requency A, tte—second base station 21
and the othgr nei ghbof FﬁQCBQ !tﬁ??&ﬁgg oWay, erpuay| pohobe fliuatedodai ve

the traffic ype service area. 1In any event, the control station

comprises a control device for detecting necessity of
handoff between the first and the second service
frequencies and for dealing with the ﬁandoff when the
necessity is detected. |

'Like the CDMA mobile communication network, the
above-described combination has a common service area in
which a mobile unit is movable and which is divided into
a plurality of cells including first.and second cells
neighboring each other. Tﬁe combination comprises é
control station and first and second base stations
connected in the first and the second cells to.the
control station. PFirst and second service frequencies
are assigned to the first and the second base stations
for traffic communication with the mobile unit while the
mobile unit is in the first and the second cells.

The control station may or may not be in the
common area. Wheé situated in the common area, the
control station may be in a component service area of
whichever of the CDMA mobile communication network and
the neighboring mobile communication network. In any
event, the control station comprises a control device
operaQ}g in the manner described in the foregoing.

When the combination is taken into consideration
with attention directed to the United States patent
referenced above,.the first cell is in the neighboring

mobile communication network and is an urban or umbrella



20 confruni cation fromthe nobile unit 11. In a worst case, the nobile unit
11 noves beyond the cell border of the first cell 13 and nay go astray.
Mor eover, the nobile unit 11 nust nmeasure the field intensities of the
el ectromagneti ¢ waves received fromthe second base station 21 and the
ot her nei ghboring base stations 25. AlteBnatively, each of the second base
station 21 and the nei ghboring base stations 25 nust neasure the field
intensities of e el ectromagneti ¢ _waves sent back fromthe nobile unit 11.
As a result, CRhand Icedys tidmisn dhes CRMAq JObdil ey icommandCare on a

| arge scale. A.great . amount aof ,information st be transm tted between the
control stati&%%f7n§%8°fﬁéa§ difga rural cell’or’a microce1l”

Attention is primarily directed to allocation of
frequencies between such cells of different cell sizes.
In this connection, the handoff is discussed as regards a
cell border between the first and the second cells,
namely, as regards a difference between uplink (from the
mobile unit to a base station) and downlink (from the
base station to the mobile unit) handoff points. 1In
order to use Mobile Assisted Handoff (MAHO) in the CDMA
mobile communication network, use is made of a pilot
signal or sequence and of a subtraction demodulation
process.

In such a conventional mobile communication
network and particularly in an analog mobile communi-
cation network, it has been the practice to deal with
the handoff control as follows. On deécribiné the
handoff control, it will be presumed that the mobile unit
is currently preant in the first cell in traffic
communication with the first base station, namely,
transmitting an uplink traffic signal to and/or receiving
a downlink traffic signal from the first base station, on
the first service frequency and is moving towards one of
neigthring cells that may be called a destination cell.
Furthermore, attention will be directed as a represent- |
ative to only one of such mobile units which may be -

concurrently alive in the first cell. Although different

frééuencies may be assigned to a base station in | REPLACEMENT SHEET
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base station 21 and the nei ghboring base stations 25. Referring now to Fig.
3, the description will proceed to a handoff control system according to a -
first preferred enbodi ment of this invention. Throughout the. follow ng,
simlar parts are designated by |like reference nunerals and are Simlarly
operabl e unl ess otherw se specifically néntioned. The handoff control
systemis used in the CDVA noblle comuni cation network of the type
described in %he fo t he cel.l border is not depicted

because such rBBFﬂéﬁggﬁ ﬁBe Hﬁéngn?nﬂh§§Fchwﬁééﬁkn@rﬁﬁfépeﬁﬂepaﬂﬁe f act
Lhat the ool | Bhgh"d, B2 AR A MY B T, TR, LA O B2 ot e
service frequency.

When the mobile unit approaches the cell border
between thé first cell and the destination cell, an
electromagnetic or radio wave of the firs£ service
frequency becomes very weak to be objectionable at the
mobile unit. In this event, the first service frequency
must be handed off or over to a service frequency which
i1s assigned to the destination cell,.namely, to the base
station placed in the destination cell.

It takes a long time to £ind which of the
neighboring cells is actually the destination cell.
During this long time, the traffic signal is received at
‘the mobile unit ;nd the first base station with an
objectionable signal qualitj. Moreover, each base
station and consequently the mobile communication unit
have a large scale. A great amount of information must
be transmitted be#ween the control station and the base
stations situated in the neighboring cells.

SUMMARY OF THE INVENTION:

It is therefore an object of the present
invention to provide a handoff control method for use in
a codqugivisiqn multiple access mobile communication
network comprising a control station and a plurality of

base stations connected to the control station and having

a service area in which a mobile unit is movable an

REPLACEMENT SHE]
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24 first and the second cells are onmtted merel LRCERENTC BHEETOf
illustration. In the CDVA nobil e comuni cation nget ' bg presuned
that the first and the second base stations 19 apd] 21 are bg@i t &t i ons of
high and low traffic. The first and the second bhsp &&uUhY?{9 fand 21 are
therefore assigned with two | ayers and oﬁly a sihgte layer_ of | ce
frequenci es. For exanple, the second service frequency B is additipnally

assigned to t@%a&ﬁo%t Q%%% % eren servi%etge %Fncy B

the respective base stations, which method is for

eénciles asslgned

controlling handoff for the mobile unit between two of
the different service frequencies in a short time
interval and with a substantially no duration of a
deteriorated signal quality.

-It is another object of this invention to provide
a handoff control method which is of the type described
and in which each base station is on a small scale with
only a small amount of information tfansmitted between
the control station and each of two of the base stations
that are related to movement of the mobile unit.

It is still another object of this invention to
provide a handoff control method for use in a combination
of a code division multiple access mobile communication
network and a neighboring or contiguous mobile communica-
tion network, the combination comprising a control
station and a plurality of base stations connected to the
control station qLd having a common service area in which
a mobile unit is movable and which is divided into cells
for the respective base stations with different service
freéuencies assigned to the respective base stations,
which method is for controlling handoff for the mobile
statigg between two of the different service frequencies
in a short time interval and with a substantially no
duration of a deteriorated signal quality.

It is yet another object of this invention to

provide a handoff control method which is of the type



at one s assigned to the second base station 21 in | REPIACEMENT SHEERtled
beside the first and the second base stations 19 anfl g4 rTst| base
station 19, the second service frequency B is used |n
tion with another nobile unit (not shown) which may{b l'y| py esent
inthe first cell 13 in addition to the fobile unit}]. , thaffic
communi cation on the first service frequency A In specific case where
necessity arises,jit i.s _pqassible to use the second £e+v+ee—+requency'B in
an alternativ eﬁé’lé:i}’ﬁdt I‘?é‘%t ié.lflwl cg’oﬁﬁﬁﬁi 2ELoF ARl st 02 [ 2 ldase
station 19 an bl nit 11 rrentl resent in the first cell 15.
The second bagggggagﬁgk %fﬂgbﬁpﬁﬁ?g o t%FrZ#ﬁ%ﬁﬂﬁﬁﬂ?qﬁ§ﬁ§ﬂ§ﬂﬁﬁw%ﬁ'TX)

35 which is depi@hb@d the control station and each of two of the base

stations that are related to movement of the mobile unit.

It is a different object of this invention to
provide a handoff control system for use in a code
divisioﬁ multiple access mobile communication network
comprising a control station and a plurality of base
stations connected to the control station and having a
service area in which a mobile unit is movable and which
is divided into cells for the respective base stations
with different service frequehcies assigned to the
respective base stations, which system is for controlling
handoff for the mobile unit between two of the different
frequencies in a short time interval and with a
substantially no duraﬁion of a deteriorated éignal
quality. |

It is another different object of thié invention
to provide a handef control system which is of the type
described and in which each base station is on a small
scale with only a small amount of information transmitted
betweenlthe'control station and each of two of the base
stations that are assigned with the above-mentioned two
of thgﬂ@ifferent service frequencies.

It is still another different object of this
invention to pfovide a handoff control system for use in
a combination of a code division multiple access mobile

communication network and a neighboring or contiguous



separately of the second base station 21 nerely floREPLAOEMRRTOSHEET
Il lustration. ; n a¥ffW*EﬁEF+EEH. .
nmobile unit 11, the pilot transmtting device 35} 9 tra t{ing on e
22 service frequency A a pilot signal wWjidh @én"éﬂﬁ%ga | {mted
anount of information as pointed out in {he Unitdd States patentjreferred
to herei nabove. Turning to Fig. 4 wwth Fig. 3 coﬂ;inuously referrefl to,

control devic ogglgfc%ﬁ%ﬁ%%%%&gbnsggkhggk%7tﬁgngéggig;%Iggﬁ%tﬁs%ﬁg1%5

keepi ng a table éxenp

As depicted by a dotted line with § i he

a control station and a plurality of base stations
connected to the control station and having a common
service area in which a mobile unit is movable and which
is divided into cells for the respective base stations
with different service frequencies assigﬁed to tﬁe
respective base stations, which system is for controlling
handoff for the mobile unit between two of the different
service frequencies in a short time interval and with a
substantially no duration of a deteriorated signal
quality.

It is yet another different object of this
invention to provide a handoff control system which is of
the type described and in which each base station is on a
small scale wi;h only a s$a11 amount of information
transmitted between the control station and each of two
of the base stations that are assigned with the above-
mentioned two of the different service frequencies.

It is a fﬁrther different object of this
invention to provide a control station for use in a code
division multiple access mobile communication network
comprising a plurality of base stations connected to the
control station and having é service area in which a
mobilgﬂpnit is movable and which is divided into cells
for the respective base stations with different service
frequencies assigned to the respective base stations,
which control station is for controlling handoff for

the mobile unit between two of the different service

t he



in Figlh 4. The table is accessible by pilot information (F”REPEKE&MENWCSHEET
each pilot signal which may be the pilot signal being descrrbe&—4ﬁ+ﬂﬁ+kx
to access the table, the first base station 19 transmts |tg @smﬂ éﬂ
station 17, as adjacent information of the report of the|[file ' N

measurenent, the pilot information speci8ic to the pilot |silgnal transnitte
fromthe pilot transmtting device 35 of the second basejstation 21. \Wen

accessed by t ilot,informati on and, when this pilot inforfet+-er—-s
recei ved fron?fﬁ% uenclesy, eas§%?FBntﬁEP %4&9%%%fea?@é%¥?¥l%Ebﬁh%nsecond

service frequ a55| ned.to second, bas on 21 and is
i ndi cated on gfrl t%%s%uﬁ%gﬁ ?h%e fiéfa??g §i%E% %Y%iihyconnection
with the above that tf@ PQJQSSDﬁer further different object of this

invention to provide a control station which is of the

type described and for which each baée station is on a
small scale with only a small amount of information
transmitted between the control station and each of two
of the base stations that are assigned with the above-
mentioned two of the different service frequencies.

It is still another further different ébject of
this invention to provide a control station for use in a
combination of a code division multiple access mobile
communication network and a neighboring or contiguoﬁs
mobile communication network{ the combination comprising
a plurality of base statioﬂs connected to the control
station and having a common service area in which a
mobile unit is movable and which is divided into cells
for the respecttv? base stations with different service
frequencies assigﬁed to the respective base stations,
which control station is for controlling handoff for the
mobile unit between two of the different service
frequencies with a short time interval and with a
substantially no duration of a deteriorated signal
quality.

It is yet another further different object of
this invention to provide a control station which is of
the type described and for which each base station is on

a small scale with only a small amount of information




information i s acconpani ed by the signal of the first] REPMACEMENT SHEERCY A.

It is furthernore possible to make the table indicatdq ft as

station 21 in addition to the second service frequengy B%l? iqﬂiWe &l ong

a mddle colum. It should be noted in this connectidnith 4 i'cati ¢njof

the base station 21 in the table is not ?ndispensabld. 23—Fhe

i Ilustrated handoff control systemtherefore conprisgs receiving neans|(RX)
yeachsignal e and

and deal i ng HE%QES&E%{thICh are depicted in Fig. 3 b

d between the control station %nd each of two

of the base stations thap are assigned with the above-
mentioned two of the different service frequencies.

Other objects of this invention will become clear
as the description proceeds.

In accordance with an aspect of this invention;
there ié provided a handoff control method for use in a
code division multiple access mobile communication
network comprising a control station and first and second
base stations connected to the base étation and having a
service area in which a mobile unit is movable and which
is divided into a plurality of cells including first and
second cells neighboring each other, the handoff conirol
method comprising the steps of (a) assigning first and
second service frequencies to the first and the second
base stations for traffic communication with the mobile

uni£ while the mobile unit is in the first and the second

cells, (b) detecting necessity of handoff between the

first and the seand service frequencies, and (c) dealing
with the handoff when the necessity is detected,  wherein
(A) the assigning step assigns the second servibe
frequency additionally to the first base station for an
alternative use in the traffic communication and the
first service frequency £o the second base station for
transmitting only a pilot signal, (B) the dealing step
dealing with, while the mobile unit moves from the first
cell towards the second cell during the traffic

communication with the first base station on the first



arrowheads directed towards and away fromthe control devi
recei ving neans receives fromthe first base station 19, t
pilot information, an indication indicating, when the nobi
in the first cell 13 to approach the second cell 15 duri nd
communi cation on the first service freq&@ncy A that the f
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dintensity of
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the el ectronagneti c wave of the figsf servicehfrequency
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at the 117t PAcettearPERtensyy| ReRnokE krem' te
her el ot FodBhel! cbfnl| 8boRST YoEF1LE CREEISENY §
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ot her service quenty. By reférring -

pilot informegbeRssity flgahipgcpEaNs identifies the

A{becomes
% t he e uptt—dl--0r_ ]
PLeet\#R5vABSns det ect

cert I n one of
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In accordance with another aspect of this

invention,

there 1s provided a handoff control method for

use in a combination of a code division multiple access

communication network and a neighboring mobile

communication network, the combination comprising a

control station and first and second base stations

connected to the control station and having a common

service area in which a mobile unit is movable and which

is divided into a plurality of cells including a first

cell of the neighboring mobile communication network and

a second cell nelghboring the first cell ih the code

division multiple access mobilé communication network,

the handoff control method comprising the step of (a)

assigning first and second service frequencies to the

first and the second base stations for traffic

H
communication witﬁ the mobile unit while the mobile unit

is in the first and the second cells,

(b) detecting

necessity of handoff between the first-and the second

service frequencies, and (c) dealing with the

handoff

when the necessity is detected, wherein (A) the assigning

- step assigns the second service frequency additionally to

the first base station for an alternative use in the
traffic communication and the first service frequency to
the second base station for transmitting only a pilot

signal, (B) the dealing step dealing with, while the



second® servi ce frequency B as the above-described on
frequencies and deals wth the handoff fromthe firs
to the second service frequency B for the traffic co

nobile unit 11 and the second base station 21. Referfi
continuously to Figs. 3 and 4[err] operation will beldescribed_ in

connection with the handoff control system being described. As in Fig.

the nobile unit 11 and the control station 17 are indicated tog

REPLACERMENT @Hﬂﬂzg

21
th

the first and™PRd1lectBid BR¥essfarmopbe1fizsy selldy towpadsyshe secondnes

with a mddle

station or the first service frequency, handoff from the
first service frequency to the second service frequency
when the necessity is deleted.

In accordance with a different aspect of this -

invention, there is provided a handoff control system for

use in a code division multiple access mobile communica-

tion network comprising a control station and first and

second base stations connected to the control station and

having a service area in which a mobile unit is movable
;nd.which is divided into a plurality of cells including
first and second cells neighboring each other with the
first and the second base stations assigned with first
and second service frequencies for traffic éommunication
with the mobile unit while the mobile unit is in the
first and the second cells, tﬁe control station
comprising a control device for aetecting necessity of

i

handoff between qhe first and the second service

frequencies and for dealing with the handoff when the

necessity is detected, wherein (A) the first base station

is additionally assigned with the second service
frequency for an alternative use in the traffic
communication, (B) the second base station comprising a
pilot transmitting device for transmitting only a pilot

signal on the first service frequency, (C) the control

device dealing with, when the necessity is detected while

the mobile unit moves from the first cell towards the

cell during the traffic communication with the first base



vertical line used to indicate the first and /or the se:oﬁgnﬁQEMEgTéﬁﬁﬁﬁs
19 and/or 21 depending on the circunstances. It wll be sgrnised that theg -
mobile unit 11 is in the first cell 13. The first base pt tDGhJUW;gg¢nSnLts
the pilot information on the first service frequency A toLLﬂg_Hpblle uni tf
11 as adj acent information acconpanyi ng ¥Zhe downlink trfaffic sTgmal: - The
uplink traffic signal is transmtted fronlghe nDbileAHHTLulﬁTLQ~Ln§tf|:ﬁt
base station 19 also on.the first service frequency A In this event, e
nobi | e unit 1§988H§iﬁ&gésﬁyrﬁﬁﬁiPBPstrﬁf#égpsﬁyﬁupéCﬁhéOpiWéthiﬁh@rnation

the pilot sigpal _and the field intensity of the el ectromagnetic wave
recei ved thergégﬁgtﬁgs?iFEP€§8PVPBet ﬁeéﬁEﬁEySﬁFV1°e frequency,

handoff from the first service frequency to the second

service frequency.

In accordance with another different aspect of
this invention, there is provided a handoff control
system for use in a combination of a code division
multiple access mobile communication network and a
neighboring mobile communication network, the combination
comprising a control station and first and second base
stations connected to the control station and having a
common service area in which a mobile unit is movable and
which is divided into a plurality of cells including a
first cell of the neighboring mobile communication
network and a second cell ﬁeighboring the first cell in
the code division multiple aécéss mobile communiéation
network with the first and the second base stations
assigned with fir?t and second service frequencieg for
traffic communicaiion with the mobile unit while the
mobile unit is in the first and the second cells, the
control station comprising a control device for detecting
necessity of handoff between the first and the second
service frequencies and for dealing with the handoff when
the necessity is detected, wherein (A) the first base
station is additionally assigned with the second service
frequency for an alternative use in the traffic
communication, (B) the second base station comprising a

pilot transmitting device for transmitting only a pilot



\..
When the field intensity becomes ‘objectionabl e beljoREPHSE e
limt, the nobile unit 11 sends an indication or fe
deteriorated field intensity as the uplink signal|t
19, which conveys the indication to the control if
the pilot information. Transm ssion and %bnveyan;e
I ndi cated by an upper horizontal |ine 39. Responsive to thel afi on

conveyed, the recei,ving ans finds the necessity of handoff. It wll now
be adéitionalFﬁg§ﬁ}np§b&g%hgﬁqﬁﬁeSﬁﬁHﬁF@ fxPauUeRcipy d§)t bher gontrelsecond

1. 15 durin traffi,c c nication on the first service frequency A
;Fthough ?he %gﬁggﬁfd%g%g%gl%g3§VeW$88ntH8tn§8Fsﬁﬁ6W dRedeteshadc¥piles 55
the destinati QReCGlobiTR" Shd tPHhove® from the first cell towards the

second cell during the traffic communication with the

bE? first bake] station
i-OrY UM 1997t Wer| wi t h

ese i ndi datji ons are

first base station on the first service frequency,
handoff from the first service frequency to the second-
service frequency. |
In accordance with still another different aspect

of this invention, there is provided a control station
for use in a code division multiple access mobile
communication network comprising first and second base
stations connected to the control station and.having.a
service area in which a mobile unit is movable'ana whiéh
is divided into a plurality of cglls including first and
second cells neighboring each otﬁer with the first and
the second base stations assigned with first and éecond
service frequéncies for traffic communication with the
mobile unit while'the mobile unit is in the first and the
second cells, theJcontrol station comﬁfisiﬁg a control
device for detecting necessity of handoff between.the-
first and the second service frequencies and for dealiﬁg
with the handoff when the necessity is detected, wherein
(A) the first base station ié additionally assigned with
the second service frequency for an alternative use in
the traffic commuﬁication, (B) the second base station

- comprising a pilot transmitting device for transmitting
only a pilot signal on the first service frequency, (C)

the control device dealing with, when the necessity is



25 indication conveyed to the control station 17. rﬁﬂ%mcmmyﬁngg Ifs

detected and furthernore when the pilot signal is redeifed—at—the—RBhi lje

unit 11 with a predeter- mned intensity or above, tlhe q?b'@a q@&ys refers

to the nmenory 37 and indicates hard handoff fromthe |fijr N

frequency A to the second service frequédcy B. This |nd¥eaLLnn ls . cohveyed

fromthe control station 17 to the second base stati¢n 21 and is
Forcateed—by—a-l ower

transmtted the ef£o$1fgkiher to the.nobile unit 11 aS
hori zontal |ifg&t9%teqnghi

8i thei BAPilerwpihopapee from the first cell

towards the second cell during the traffic communication

with the first base station on the first service

frequency, handoff from the first service frequency to

the second service frequency.

In accordance with yet another different aspect

of this invention, there is provided a control station

for use in a combination of a code division multiple

access mobile communication network and a neighboring

mobile communication network, the combination comprising

first and second base stations connected to the control

station and having a common service area 1
mobile unit is movable and which is divide

plurality of cells including a first cell

n which a
d into a

of the

neighboring mobile communication network and a second

cell neighboring the first cell in the code division

multiple access mobile communication network with the

first and the second base stations assigned with first

and second servicé frequencies for traffic communication

with the mobile unit while the mobile unit

is in the

first and the second cells, the control station

comprising a control device for detecting necessity of

handoff between the first and the second s

ervice

frequencies and for dealing with the handoff when the

necessity is detected, wherein (A) the first base station

is additionally assigned with the second s

frequency for an alternative use in the tr

ervice

affic

communication, (B) the second base station comprising a



conveyed fromthe control station 17 also to the fir§t; to
interrupt the indication of the pilot information wh|c as
t he adj acent information. The hard handoff is carriefd put in this nnier

a short time interval when the necessit;i is detected] |t 0% JdsW9z!
| i kew se neasure the field intensity at Pegular intefvals rather thgn
continuously and at the first base station 19. Conti huouUS measur t

" The. Uni t ccb SFEF EFpipRE o atTEPe) FRR t BonaRLtETpucPBITOR PRESH ot
I nformation tﬁ%&ﬁgﬁr?giLﬁe“?i%s%ﬁ?%§¥ﬁgg gk&@gég ?Ly(hpskﬁgtgggggghy upon

entrance of t e unit e firs
device dealing with, when the necessity is detected while

the mobile unit moves in the.first cell towards the
second cell during the traffic communication with the
first base station on the first service frequency,
handoff-from the first service frequency to the second
service frequency.

BRIEF DESCRIPTION OF THE DRAWING:

Fig. 1 is a schematic top view of a CDMA (code
division multiple access) mobile communication network
comprising a conventional handoff control system;

Fig. 2 is a sequence diagram for use in
'describing conventional handoff control carried out by
the handoff control system depicted in Fig. 1;

Fig. 3 is a schematic top view of a CDMA mobile
communication network comprising a handoff control system
according to a first embodiment of the instant invention;

Fig. 4 ex;mplifies a table kept in a memory qf
the handoff control system illustrated in Fig. 3;

Fig. 5 is a sequence diagram for use in
describing handoff control carried out by the handoff
control system depicted in Fig. 3; and

. Fig. 6 is a schematic top view of a combination
of a CDMA mobile communication network and a neighboring
mobile communication network, which combination has a
common service area for a mobile unit and comprises a

handoff control system according to a second embodiment



13 or intermttently during presence of the nobile unit Ilaln.the fjrst
cell 13 in connection with pilot signals which are used 'nREﬂgcgmmchgeﬁe '
station 21 and in other neighboring base stations 25. g01v,ya”ub of—+he
i | ot 26 information to the control station 17 may befo
Pnstant aneously together with the indicdtion of the detefi )rﬁ%dﬂmm
intensity. It is thus possible to render the handoff conjr system smal
scaled and to reduie the ampunt of information transmttgd between the
first base st8fi Sh1golaKanthencontrol station 17 -and

DESCRIPTION OF THE PREFERRED EMBODIMENTS:

Referring to Fig. 1, a conventional handbff
control system will first be described in order to
facilitate an understanding of the present invention. In
Fig. 1, the handoff control system is used in a CDMA
(code division multiple access) mobile communication
network, which is a digital cellular communication
network according to IS-95 specified by the TIA
(Telecommunications Industry Associaﬁion)'of the United
States of America.

In the manner known in the art, the CDMA mobile
communication network has -a service area.represented by a
sheet surface of Fig. 1. 1In the service area, a plural-
ity of mobile units are movable;! By way of example, only
one mobile unit (MU) 11 is depicted. The mébile unit 11
may be a portable telephone handset, a mobile terminal
device carried on a vehicle, or a like device.

The serviée area is divided into a plurality of
cells which include first and second cells 13 and 15
neighboring each other. The first and the second cells
13 and 15 are contiguous to each other at a cell border

‘which is depicted by a vertical dashed line.

‘JThe CDMA mobile communication network comprises a
control station 17, which may not necessarily be situated
in the service area and may be an exchange office

connected to a public wired communication network (not

shown). In the first and the second cells, first and




between the first base station 19 and the nobile unit 11‘.5"%‘3‘:1“’!?“#7.1?*# tTr ror e
possible to use a little anmount of information in identifying simlar {pijl ot
signal s used in the nei ghboring base stations 25. |Incident@id JUN 1997s
possi bl e to understand that the receiving neans (RX) apd} the dealing negns
(DL) are alternatively represented by tAé horizontal || nes—39anad 41.
Referring to Fig. 6, attention will be directed to a hhndoff control..system
according to a second%greferred enbodi ment of this invention. This handoff

control syst eRPFORA LRBSPNSHALLABS nd?i 3R of 1 AXDMVAL bt e@ @rdmdrecat ikonWh )
Kk d h [ t tion networ e
o hot oper af S aeRbel 1 Fhe OPbH ST oSiEheR chiint GBRCA F | hgy ELERET y

and the second stations 19 and 21 is a radio station, and

is connected to the control station 17 by a radio or a
wired link depicted by a solid line.

In the manner described heretobefore, first and
second service frequencies A and B are assigned to the
first and the second base stations 19 and 21. Assignment
of the first and the second service frequencies is
indicated by legends FREQ A and FREQ B near the
rectangles or blocks indicative of the first and the
second base stations 19 and 21. The first and the second
service frequencies A and B are used by the first aﬁd the
second base stations 19 and 21 and by the mobile unit 11
in traffic communication while the mobile unit 11 is in
the first and the second cells 13 and 15, respectively.
The traffic communication is transmitting a traffic
signél either froT one of the first and the second bése
stations 19 and Zi downwards to the mobile unit 11 or
from the mobile unit 11 upwards to one of the first and
the second base stations 19 and 21. 1In the example béing
illustrated, the mobile unit 11 is in the first cell 13
and is in traffic communication with the first base
station 19 as shown by a dashed line with arrowheads on
both ends.

The control station 17 comprises a control device
23. Serving as an element of the handoff control system,

the control device 23 detects necessity of handoff for



anal og' cel lular nobile communi cation network. Each of
nei ghbori ng nobil e conmuni cati on networks has a servi
conveni ence of the description which follows, the ser
nei ghbori ng nobil e conmmuni cati on network is herein cg
area with that of the CDVA nobile commudifcation netw

called a sec
27 areas may

service area. The primary and the secondary servicem

not partly OVE'LaﬁogglgiﬁgigtQ?rbgggegg gﬁélgfrgtcgnd the second

whi ch the nobrle uni

service frequencies A and B and deals with the handoff
when the necessity is detected.

Referring to Fig. 2 in addition to Fig. 1,
conventional handoff control will be described more in
detail. For this purpose, it will be aséumed that the-
mobile ﬁnit 11 is currently moving in the first cell 13
towards the second cell 15. Usually, the first cell 13
is neighbored besides the second cell 15 by several other
neighboring cells in which situated ére neighboring base
stations collectively indicated ip Fig. 2 by a reference
numeral 25. While present in the first cell 13, the
mobile unit 11 receives from the first base station 19 an
electromagnetic or radio wave of the first service |
frequency A. When the mobile unit 11 approaches the cell
-border, this electromagnetic wave is received with a weak
field intensity to become eventually objectionably weak
to result in a deterlorated traffic signal quality.

In the me;nwhile, the mobile unit 11 transmits a
result of a field intensity measurement to the first base
station 19 and thence to the control station 17 in the
manner depicted by a lefthand upper horizontal line 27.
Receiving a report of the field intensity measurement in
the cq&}rol station 17, the control device 23 makes the
control station 17 send a field inténsity measure request
signal to the second base station 21 and to all other
neighboring base stations 25 as indicated by righthand

upper horizontal lines 29.



i s movable. The control station 17 is preferably int
conprises the control device 23 which in turn conpris
the table and is acconpanied by the receiving means (
dealing nmeans (DL) or 41. The primary service area is i
plurality of primary cells which may be }he unbrella seeondary
service area is divided into another plurality of sec ndary cells, such as
the mcrocells, some whi ch ngﬁg@& at least a pertlnent one of the

s Jthe nmenory

@938

divided into a,

primary cells to formPAYY 59 e M?hﬂ%? 5 Lahg fdeddea, such ad
air of cells s flrst cel | of the |nary serV|ce area and a
gecond cel | qﬁgﬁba%'rlng € oS ééll f3SFﬁ base fatyon 21 and

the neighboring base stations 25 receive and send back to
the control station 17 results of field ihtensity
measurement of electromagnetic waves of the second
service frequency B and other different service frequen-
cies aséigned to the neighboring base stations 25. Such
reports are indicated by righthand lower horizontal lines
31.

Responsive to the reports 31-received at the
control station 17, the control device 23 judges that the
second cell 15 is a destination cell of the mobile unit
11. Through the first base station 19, the control
device 23 indicates the mobile unit. 11 as depicted by a
lefthand lower horizontal line 33 that handoff should be
carried out from the first service frequenéy A to.the
second service frequency B.

In this manner, it takes in the conventional
handoff control a}long time interval to identify which of
the second cell 15 and the other neighboring cells is the
destination cell. After the destination cell is |
identified, the handoff control is actually carried out.
Consequently, the traffic signal is received with the
deter{g;ated signal quality at the mobile unit 11 and at
the first base station 19. Inasmuch as the mobile unit
11 continuously uses the first service frequency A, the
second base station 21 and the other neighboring base

stations 25 are hardly possible to receive the traffic



sérvicé area. The second cell 15 may be wholly included in the first cel
13, in which case only a part of the first cell 13 will herein be referred
to afresh as a first cell 13 that has no conmon area with the second cel
15. The first and the second base statigns 19 and 21 are in the first and
the second cells 13 and 15 with the fir<£0 and the second service
frequencies A and B and the second service frequency B al one assigned to

the f t d.th b tagions and, 21. The_pilot signha
trgnslmrft i ﬁg 88@58@ '5?[9‘2882 e8ﬁ‘i gbet ﬂ@biiﬁoﬂﬂiba%é'st I8 angisgl fapeacti ce,

the control stabl fBpf3e’ 8nle' 11 moves beyond the cell border of the
first cell 13 and may go astray;

Moreover, the mobile unit 11 must measure the
field intensities of the electromagnetic waves received
from the second base station 21 and the oiher neighboring
base stétions 25. Alternatively, each of the second base
station 21 and the neighboring base stations 25 must |
measure the field intensities of the electromagnetic
waves sent back from the mobile unit 11. As a result,
the handoff control system and each base station must be
on a large scale. A great amount of information must be
transmitted between the control station 17 and the second
base station 21 and the neighboring base stations 25.

Referring now to Fig. 3, the description will
proceed to a handoff control system accord;ng to a first
preferred embodiment of this invention. Throughout the
following, simiiar parts are designated by like reference

I
numerals and are #imilarly operable unless otherwise
specifically mentioned. The handoff cqntrol sysﬂem is
. used in the CDMA mobile communication network of the type
" described in the foregoing.

In Fig. 3, the cell border is not depicted
because such a border has no important physical meaning
in view of the fact that the uplink and the downlink
haﬁdoff points may differ from._each other as pointed out

heretobefore. The reference numerals 13 and 15 for the
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28 conhected directly to the ‘base station 21 as depict f
control station (not shown) of the secondar N
network interface (not shown) with a result that statu$ of the secondafy
network, such as the necessity of handoff, is transmitieq (09 «UN 38 rpi
station 23 through the control station @l the secondary hetwork and thg
network interface. Wien the primary and the secondary $ervice areas do npt
overlap but nerely nei_ghbor each other along an area barder it s _possi

t o anot her

to understandftRat 28R theseegand: aeliecere ewtttedsmenelysfare in t he
secondary andsiﬁslgéiggrxfs?rVLce areas, respectively. In other respects,

llustration.

In the CDMA mobile communication network, it will
be presumed that the firsp and the second base stations
19 and 21 are base stations of high and low traffié. The
first and the second base stations 19 and 21 are
therefore assigned with two layers and only a single
layer of service frequencies. For example, the second
service frequenéy B 1s additionally assigned to the first
base station 19 while the second serQice fréquency B
alone is assigned to the second base station .21 in the
manner indicated besidelthe first and the second base
stations 19 and 21. In the first base station 19, the
second service frequency B is used in traffic communica-
tion with another mobile unit (not shown) which may'be
concurrently present in the first cell 13 in addition to
the mobile unit 11 kept in the traffic communication_on'
the first service;frequency A. In a specific casé where -
necessity arises,}it is possiblé to use the second |
service frequency B in an alternative use in the traffic
communication between the first base station 19 and the
mobile unit 11 currently present in the first cell 15.

The second base station 21 comprises a pilot
transmitting device (PILOT TX) 35 which is depicted
separately of the second base station 21 merely for
clarity of illustration. As depicted by a dotted line
with an arrowhead near the mobile unit 11, the pilot

transmitting device 35 is for transmitting on the first

| e



the handoff control systemof Fig. 6 is simlar in structure and operation
to that illustrated with reference to Figs. 3 to 5. Wile this invention |
has thus far been described with specific reference to Figs. 3 to 6, it
wi Il now be readily possible for one skilled in the art to put this
invention into practice in various other22ranners. For exanple, it is
possible that a satellite comunication network is included either in the
CDVA nmobi | e conmuni ca-_tion network or in the conbination described in the
foregoi ng. REPEACAFENErsguEency A a pilot signal which can carry a

limited amount of information as pointed out in the
United States patent referred to hereinabove.

Turning to Fig. 4 with Fig. 3 continuously
referred to, the control device 23 of the control station
17 comp;ises a memory 37 for keeping a table exemplified
in Fig. 4. The table is accessible by pilot information
(PI) specific to each pilot signal which may be the pilot
signal being described. In order to access the table,
the first base station 19 transmits to the control
station 17, as adjacent information of the report of the
field intensity measurement, the pilot information
specific to the pilot signal transmitted from the pilot
transmitting device 35 of the segond base station 21.
When accessed by the pilot inforﬁation and when.this
pilot information is received from the first base station -
19, the table identifies the second service frequency B
which is assigned}to the second base station 21 and is
indicated on a rﬂbhtmost column in ihe table. It is
possible in connection with the above that the adjacent
information is accompénied by the signal of the first
service frequency A. It is furthermore possible to make
the table indicate the second base station 21 in addition
to the_second service frequency B as indicated along a
middle column. It should be noted in this connection
that indication of the base station 21 in the table is

not indispensable.
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29 29 CLAIMS 1. A handoff control nethod for use in a do@EFPEAGENERNE SHEET

mul ti pl e access nobil e comruni cati on network conprising g control station

and first and second base stations connected to said cdntjr oy gsygyiggy and
having a service area in which a nobile unit is novablg gnd which 1s

divided into a plurality of cells includ?dg first and dec - _
nei ghbori ng each ot her, said handoff control nethod corprising the steps

2

-

s .

of

assigning first and s onq service frequencies to said first and sard
t

second base stations f WﬁﬂFQﬁﬁﬁnﬁ%qﬁﬂﬁﬁn?QMﬁ??%uﬁXfqﬁﬂﬂQQQFﬁﬁQ¥e

comprises receiving means (RX) and dealing means (DL)
which are depicted in Fig. 3 by each signal line and
arrowheads directed towards and away from the control
device 23. The recelving means receives from the first
base station 19, together with the pilot information, -an
indication indicating, when the mobile unit 11 moves in
the first cell 13 to approach thelsecond cell 15 Aduring
the traffic communication on the first service frequency
A,.that the field intensity of the electromagnetic wave
of the first service frequency A becomes objectionable
below a predetermined limit either at the mobile unit 11
or at the first base station 19. 1In this event, the
receiving means detects necessity of handoff of the first
service frequency to a certain one of other service
frequency. By referring to the memory 37 in response to
the pilot information, the dealing means identifies the
second service frequency B as the above-described one of
other service frqhuencies and deals with the handoff from
the first service frequency A to the second service
frequency B for the traffic communication between the
mobile unit 11 and the second base station 21.

Referring to Fig. 5 and continuously to Figs. 3
and 4, operation will be described in connection with the
handoff control system being described. As in Fig. 2,
the mobile unit 11 and the control station 17 are _
indicated together with the first and the second base

stations 19 and 21 by three vertical lines with a middle



while said nobile unit is in said first and said second
necessity of handoff between said first and said second
frequenci es, and dealing with said handoff when said ne
characterised in that: said assigning step assigns said _
frequency additionally to said first ba®d station for afj dlternative use.
said traffic communication and said first service frequ¢ndy—te—sad-sechn

[ ] [ il ot si | : i dideal i ng ste
Saat i o i o veRHEALTIAG B8t Enfilcate Hioatiret, andde LI
second cell dyrj t r ¢ CcO nication,with said first base station
on said firstgégggﬁcggféegﬂéggg?sHEHdS?g/?Foﬁrnéependgng SR
circumstances. It will be surmised that the mobile unit

sBERLAGEMENT SHEE
e§STty 1S detec}e
s¢c )

11 is in the first cell 13.

The first base station 19 transmits the pilot
.information on the first service frequéncy A to the
mobile unit 11 as adjacent information accompanying the
downlink traffic signal. The uplink traffic signal is
transmitted from the mobile unit 11 to the first base
station 19 also on the first servicelfrequency A,

In this event, the mobile unit 11 continuously
monitors in response to the pilot information the pilot
signal and the field intensity of the electromagnetic
wave received there on the first service frequency A.
When the field intensity becomes objectionable below the
pfedetermined limit, the mobile unit 11 sends an
indication or report of this deteriorated field intensity
as the uplink signal to the first base station 19, which
conveys the indic;tion to the control station 17 together
with the pilot information. Transmission and conveyance
of these indications are indicated by an upper horizontal
line 39. Responsive to the indication conveyed, the
receiving means finds the necessity of handoff.

.. It will now be additionally surmised that the
mobile unit 11 moves towards the second cell 15 during
the traffic communication on the first service frequency
A although the handoff control system can not yet'know

the second cell 15 as the destination cell merely by the



said first service frequency to said second ser ' C eh said
necessity i s detected. REPLACEMENT SHEBRT PLégﬁﬁiﬁ?Amﬁgﬂd f f
control nethod for use in a conbination of a code |division nmultiiplle access
mobi | e comuni cati on network and a nei ghboring |I99CQUNUHOlat|cn
network, said conbination conprising a ¢dntrol ion and first 4nd second
base stations connected to said control station pnd—faving a commygn service

area in which. a b|Ie unit i s novabl e and whi chi i ncl ude irst.lcell of
sai d nelghborﬁﬂs Fakice conveyed to the control STation 17. When the

necessity is detected and furthermore when the pilot
signal is received at the mobile unit 11 with a predeter-
mined intensity or above, the dealing means refers to the
memory 37 and indicates hard handoff from the firs£
service frequency A to the second service.frequency B.-
This indication is conﬁeyed from the control station 17
to the second base station 21 and is transmitted
therefrom further to the mobile unit 11 as indicated by a
lower horizontal 1line 41. The indicétion is furthermore
conveyed from the control station 17 also to the first
base station 19 to interrupt the indication of the pilot
information which has been used as the adjacent
information. The hard handoff is carried out in this
manner in a short time interval whe; the necessity is
detected.

It is possible to likewise measure the field
intensity at regu}ar intervals rather than continuously
and at the first #ase station 19. Continuous measure-
ment, however, dispenses with use of a memory and of
refreshing means described in the United States patent
being referred to. Transmission of the pilot information
to the mobile unit 11 may be either only instantaneously
upon entrance of the mobile unit 11 into the first cell
13 or intermittently during presence of the mobile unit

- 11 in the first cell 13 in connection with pilot signals
which are used in the second base station 21 and in other

neighboring base stations 25. Conveyance of the pilot



communi cati on network and a second cell neighboring saigﬁﬁWlﬁEHﬁz.ﬂ 53 d
code division nultiple access nobil e comruni cati on networ ' aa.é.lc-lg_Elf )
control nethod conprising the steps of assigning first fand 8
frequencies to said first and said second base stationg florYr JUNi 1997
communi cation with said nobile unit, whi2be said nmobile fulit_js in said;
first and said second cells, detecting necessity of haqdoff bet ween sai d

first and saig econd, servi ce_frequenci es, and deal i ng "wth—said--handof f
when said nec EE?F93F§°BeP8cPBG,CEHEFSEtﬁt?EEGniﬁ7tH§¥:b§aPﬂlassigning st ep

tatlon for aRCAPEBFARPYUETHsEOTERRF(HIFhi P LotEnt [abioh Hhe caid

deteriorated field intensity. It is thus possible to

cond servijcq

render the handoff control system small scaled and to
reduce the amount of information transmitted between the
first base station 19 and the control station 17 and
between the first base station 19 and the mobile unit 11.
It is furthermore possible to use a little amount of
information in identifying similar pilot signals used_in
the neighboring base stations 25. Iﬁcidentally, it is
possible to understand that the receiving means (RX) and
the dealing means (DL) are alternétively represented by
the horizontal lines 39 and 41.

Referring to Fig. 6, attention will be directed
to a handoff control system according to a second
preferred embodiment of this invention. This handoff
control system for use in a combination of a CDMA mobile
communication netvork and a neighboring or cont.iguous
mobile communicatﬁon network, which is not operable in

. accordance with the CDMA technique and is typically an
analog cellular mobile communication network.

Each of the CDMA and £he neighboring mobile
communication networks has a service area. Merely for
convenience of the description which follows, the service
area of the neighboring mobile communication network is
herein called a primary service area with that of the
CDMA mobile comﬁunication network called a secondary

service area. The primary and the secondary service



fi'rst service frequency to said second base station f'rngmgnsmﬁmtﬁhﬁEbn

pilot signal; said dealing step dealing with, while sai ¢ ves
in said first cell towards said second cell durlng th

comuni cation with said first base station on said fi lehcy,
handof f from said first service frequéhcy to said

frequency when said necessity is detected. 3. A handofiff control nethod as
claimed in claiml1 or 2, characterised _in that, said d re—Step—TomnprTses

the steps of: areas may Or may not partly overlap on each other and do
define a common service area in which the mobile unit 11
is movable. The control station 17 is preferably in the
common area and comprises the control device 23 which in
turn comprises the memory 37 for the table and is
accompanied by the receiving means (RX) or 39 and the -
dealing means (DL)'or 41.

The primary service area is divided into a
plurality of primary cells which ma& be the umbrella
cells. The secondary service area ié divided into
another plurality of secondﬁry cells, such as the
microcells, some of which neighbor at least a pertinent

one of the primary cells to form pairs of cells. In the

common service area, such a pair of cells consists of a

first cell 13 of the primary service area and a second
-cell 15 neighboring the first cell 13 in the secondary
service area. The second cell 15 may be wholly included
in the first-ce11'13, in which case only a part of the
first cell 13 wiﬁl herein be referred to afresh as a
first cell 13 that has no common area with the second
cell 15.

The first and the second base stations 19 and 21
are in the first and the second cells 13 and 15 with the
first_and the second service frequencies A and B and the

second service frequency B alone assigned to the first

and the second base stations 19 and 21. The pilot signal

transmitting device 23 accompanies the second base

station 21. 1In practice, the control station 23 is not



keeping in said control station a table accessible by pilot information
specific to said pilot signal for identifying said second service
frequency; receiving as detection of said necessity fromsaid first base
station an indication indicating, together with said pilot information,
that a field intensity of an el ectronagn@8i c wave of said second service
frequency becones objectionable at said nobile unit; and referring
responsive to said indijcation to said table-to deal with the handoff from

said first sefAMeGhedtixsctly 4@ thakare sragian (3e@rmigpiated bakdof f

control system for use .in code division multiple access mobile
co ni cation ¥t ctedélo another control station (not shown) of

the secondary network through a network interface (not
shown) with a result that status of the secondary
network, such as the necessity of handoff, is transmitted
to the gontrol station 23 through the control station of
the secondary network and the network interface. When
the primary and the secondary service areas do not
overlap but merely neighbof each other along an area
border, it is possible to understand that the first and
the second cells 13 and 15 are in the secondary and the
primary service areas, respectively. In other respects,
the handoff control system of Fig. 6 is similar in ’
structure and operation to that illustrated with
reference to Figs. 3 to 5. |

While this invention has thus far been described
with specific reference to Figs. 3 to 6, it will now be
readily possible For one skilled in the art to put this
invention into pﬂactice in various other manners. For
example, it is pbssible that a satéllite communication
network is included either in the CDMA mobile communica-
tion network or in the combination described in the

foregoing.
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conprising a control station and first and second base stations connected
to said control station and having a service area in which a nobile unit is-
novabl e and which is divided into a plurality of cells including first and
second cells neighboring each other with said first and said second base

stations assigned with first and second 2%rvi ce trequeneies—for—traffic
comuni cation with said nobile unit while said nobj id first
and said second cells, said control station corrprl ﬂ““ﬂ" “Iﬁ“l‘ r ol
device for detecting necessity of handoff between "%

CLAIMS

1. A handoff control method for use in a code
division multiple access mobile coﬁmunication network
comprising a control station and first and second base
stations connected to said control station and having a
service area in which a mobile unit is movable and which
is divided into a plurality of cells including firs£ and
second cells neighboring each other, said handoff control
method comprising the steps of assigning first and second
service frequencies to saild first and said second base
stations fér traffic communication with séid mobile unit,
while said mobilé unit is in said first ahd sald second
cells, detecting necessity of handoff between said first
and said second serviée frequencies, and dealing with
said handoff when said necessity is detected,
characterised in that:

said assigning step assigns_said'second service
frequency additiqﬁally to said first base station for an
alternativé use in said traffic éommunication and said
first service frequency to said seéond base station for
transmitting only a pilot signal;

saild dealing step dealing with, thle said moblle
unit moves in said first cell towards said second cell
during the traffic communication with said first base
station on said first service frequency, handoff from

said first service frequency to said second service

frequency when said necessity is detected. REPLAGEMENT SHEET

09 JUN 1997




sai d ‘fi‘rst and said second service frequencies and for dealing with said
handof f when said necessity is detected, characterised in that: said first

base station is additionally assigned with said s_ecil‘“ll ﬂ"m u liﬂauliency
for an alternative use in said traffic comunicati on/ilgi&l se

station conprising a pilot transmtting ¥evice for transmitti ng only a

pilot signal on said first service frequency; said control device dealing
wi th, when said necessity_is detected while said nobile unit noves in said
first cell towards sa?"d s@cHandedif] contrrs methedafpirc usemidiniacati on with

[ [ lgn on said first service frequency, handoff fromsaid
??LgtflrSt ba%%m% %gt on of a code division multigle a%cess mobile

communication network and a neighboring mobile
communication network, said combination comprising a
control station and firs£ and second base stationé
connected to said control station and having a common -
service.area in which a mobile unit is movable and which
includes a first cell of said neighboring mobile
communication network and a second cell neighboring said
first cell in said dode division mulﬁiple access mobile
communication network, said handoff control method |
comprising the steps of assigning first and second
service frequencies to said first and said second Base
stations for traffic communicétion with'said mobile:unit,
while said mobile unit is in said first and said second
cells, detecting necessity of handoff-between'said_first
and said second service frequencies, and dealing with
said handoff ﬁhen sald necessity is detected,
characterised in ihat:

| sald assigning step assigns sald second service
frequency additionally to said first base station for an.
alternative use in sald traffic communication.and said
first service frequency to said second base station for
transqipting onlyla pilot signal;

said dealing step dealing with, while said mobile

unit moves in said first cell towards said second cell

during the traffic communication with said first base

station on said first service frequency, handoff from

09 JUN 1997
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servi'ce frequency to said second service frequengz;ﬁgT_fijy@ndQLL_gaﬂtroI
systemfor use in a conbination of a code divisi tiple access nobile -
comuni cation network and a nei ghboring nobile co m&m“ ﬂm , said
conbi nation conprising a control station.and fi rsmﬂ stations
connected to said control station and ha¥¥ng a commn Servi &e area in which

a nobile unit is novable and which includes a first cell of said

nei ghboring mobile comunication network and a second cell neighboring said
first cell in%&didHdddd Harvdicsn Shaauency é&@@émq@%m@t i on

network wth 1 d first d sal%.second base stations assigned with first
and second sefReduency w en said necessity is detected.

3. A handoff control method as claimed in claim
1l or 2, characterised in that said dealing step comprises
the steps of:

keeping in said control station a table
accessible by pilot information specific to said pilot
signal for identifying said second service frequency;

receiving as detection of said necessity from
said first base station an indicatioﬁ indicating,
together with said pilot ihformation, that a field
intensity of an electromagnetic wave of said second

service frequency becomes objectionahle at said mobile

unit; and

referring responsive to said 1ndication to said
table to deal with the handoff from said first service
frequency to said second service frequency

4. A handoff control system for use in a code
division multiplé access mobile communication network
comprising a control station and first and second base
stations connected to said control station.and having a
service area in which a mobile unit is movable and which
is divided into a plurality of cells including first and
second cells neighboring each other with said first and

said second base stations assigned with first and second

|

- service frequencies for traffic communication with said
mobile unit while said mobile unit is in said first and

said second cells, sald control station comprising a

09 JUN 1997
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frequencies for traffic commnication with said nobile unit while said
nmobile unit is in said first and said second cells, saird control—station
conprising a control device for detecting necessitj i en said
first and said second service frequencies and forH ” H II y handof f
when said necessity is detected, charact¥ised in thatt sai srst base
station is additionally assigned with said second service frequency for an
alternative ugg I nruni,cat i on

' i.d_traffi i d db tation
compr i a1 ng o SEPSEotr SRR 165 GBTREE1RG, nEPRABLY: Pig AP LE BEPES gna

sald first and said second service frequencies and for

dealing with said handoff when said necessity is
detected, characterised in that:

said first base station is additionaliy assigned
with said second service frequency for an alternative use
in said traffic communication;

said second base station comprising a pilot
transmitting device for transmitting only a pilot signai
on said first service frequency;

said control device dealing with, when said
necessity is detected while said mobile unit moves in
said first cell towards said second cell during the
traffic communication with said first base station on
sald first service frequency( handoff from said first
service frequency to said second service frequency.

5. A handoff control system for use in a
combination of a code division multiple accesé.mobile

i :

communication ney#ork and a neighboring mobile
communication network, said comb;nation comprising a
control station and first and second base-stations'
connected to sald control station and having a common
service area in which a mobile unit is movable and which

includes a first cell of said neighboring mobile

communication network and a second cell neighboring said

first cell in said code division multiple access mobile
communication network with said first and said second

base stations assigned with first and second service

09 JUN 1997
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orf sdid first
sai d necessit
towards said
base station
service frequ

service frequency; ‘'said control device dealing with, when
y i s detected while said nobile unit in said first cel

second cell during the traffic commun ' M]“s‘ﬂl first
on said first service frequency, hand&;ﬂg m“im . st

ency,to said second serviced¥requency. *0. ¢ A-hahddff *control

systemas clainmed in claim®6, characterised in that said nei ghboring nobile

conmuni cati on
di vision nult

network i s operable in accordance with other than a code

FEPAUERESS FOTh ATGTE 16n FomEuRd candosg Wi Isaidomelileat i on

network. 7. A_handoff .contrql s emas clained in.claim4 or 5,
uP t H&ﬁlfaﬁﬁi%oﬂp¥§hedgyﬁ&eis in sald first and said

char acteri sed

t

second cells, said control station comprising a control
device for detecting necessity of handoff between saia
first and said second service frequencies and for dealing
with said handoff when said necessity is detected,
characterised in that:l

sald first base station is additionally assigned
with said second service frequency fo; an alternative use
in said traffic communication; |

sald second base station comprising a pilot
transmitting device for transmitting only a pilot signal
on said first service frequency;

said control device dealing with, when said
necessity is detected while said mobile unit moves in
said first cell towards said second cell during the

traffic communication with said first base station on

" saild first service frequency, handoff from said first

]

service frequency; to said second service frequency.

6. A handoff control system_és_claimed in claim
6, characterised in that said neighboring mobile
communication network is operable in accordance with
other than a code division multiple access technique and
is an analog mobile communication network.

7. A handoff control system as claimed in claim
4 or 5, characterised in that said control device

comprises:

REPLACEMENT SHEET
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conpri Ses: REPLACEMENT SHEET 34 a nenory for keeping a table accessible
by pilot information specific to said pil ot signal for identifyrnmg-said
second service frequency; receiving neans for on of
said necessity fromsaid first base station an |$mlmmmﬂ"| mlmm ng,
together with said pilot information, th# a field~irtemsiuy o

el ectromagnetic wave of said first service frequency becones objectionable
at said nobile

a memory for keeping a table accessible by pilot
information specific to said pilot signal for identifying
said second service frequency; .

recelving means for receiving as detection of
said necessity from said first base station an indication
indicating, together with said pilot information, that-a
field intensity of an electromagnetic wave of said first
service frequency becomes objectionable at said mobile
unit; and

dealing means by referring résponsive to said
indication to said memory for déaling with the handoff
from said first service frequency to said second service
frequency. | | |

8. A control station for use in a code division
multiple access mobile communicatio; netﬁbrk comérising
first and second base stations connected to Said control
station and having a service area in.which_a mobile unit
is movable and wh}ch is divided into a plurality of.geils
including first ahd second ceils neighboring each'other
with said first and said secand base stat;ons assigned
with first and second ser?ice frequencies for traffic
communication with said mobile unit while said mobile’
unit is in said first and said second cells, said control
station comprising a control device for detecting.
necessity of handoff between said first and said second

- service frequencies and for dealing with said handoff
when said necessity is detected, characterised in that:

REPLACEM®'.T GHEET
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umi t';* and deal i ng neans by referring responsive to said indication to said
menory for dealing with the handoff from said fitrst—servite fTrequency to

sai d second service frequency. 8. A control statio i m“ de

di vision multiple access nobil e conmunication net: Hmm\s\m rst and
second base stations connected to said cdhtrol sta . avbng*a service
area in which a nobile unit is nmovable and which is divided into a

plurality of cells i ncslaghtysg%d%ic;_r E}gfgnd&t%ﬁl&(énﬁsd i%glgl S neiq%k;tﬁ;} ir;tgsg&ach ot her

with said first and sart _ _ | _ o oo -
\?\ﬁiclogds Z ;a(rjv 'mc)gziiftgxe UG IRTonH ddrilde’ ‘f‘}%%‘érr‘;'c%atf o an taq.'t,st'a‘firlna'c, ve use
in said traffic communication;

said second base station comprising a pilot
transmitting device for transmitting only a pilot signal
on said first service frequency;

.said control device dealing with, when said
necessity is detected while said mobile unit moves in
said first cell towards said second cell during the
traffic communication with said first base station on
said first service frequency, handoff from said first
service frequency to said second service frequency.

9. A control station for use in a_combination of
a code division multiple access ﬁobile.communication
network and a neighboring mobile communication network,
said combination comprising first_and second base
stations connected to said control station and having a
common service area in which a mobile unit is movable and
which is divided ﬁnto a plurality of cells including a
first cell of said neighboring mobile communication
network and a second cell neighboring said first cell in
said code division multiple access mobile communication
network with said first and said second base stations
assigggd with first and second service frequencies for
traffic communication Qith said mobile unit while said
mobile unit is in said first and said second cells, said

control station comprising a control device for detecting

REPLAGEMSNT SHEET
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unit' i in s
conprising @
first and sal

when sai d nec

base station

= ——

w-'rst and s Tdisecond cells, said control station
cpntrol device detecting necessity o

is additional 'y dssigned wi#th said second servi Cen

for an al terlsattve..use in saig traffic conmunication; said second base
[ . S] ' ] tti vice for.transmtting only a
station comrigldgd i) | dd A W bale AN

pil ot signa

en said first and said second
service frequencies and for dealing with said handoff
when said necessity is detected, charactérised in that:
said first base station is additionally assigned
with said second service frequency for an alternative use
in said traffic communication;

.said second base station comprising a pilot
transmitting device for transmitting only a pilot signal
on said first service frequency;

said control device dealing ﬁith, when saia
necessity is detected while said mobile unit moves in
said first cell towards said second cell during the
traffic communication with said first base station on
said first service frequency, handoff from said first
service frequency to said second service frequency.

| 10. A control staiion as claimed in dlaim 8 or
9, characterised in that said control device comprises:

a memory for keeping a table accessible by pilot
information specikic to said pilot signal for identifying
said second service frequency;

receiving means for receiving as detection of
said necessity froﬁ said first base station an indication
indicating, together with said pilot information, that a
field_&ntensity of an electromagnetic wave of said sécond
service frequency becomes objectionable at said mobile
unit; and

dealing means by referring responsive to said

indication to said memory for dealing with the handoff

nc

df s€corfd™Ser#i de {f requenci es and for degjyi ' i d bandof f
sity is detedtgd, characterised in thi mﬂmz #WE I! rst
H

sai d-

y



orf said first service frequency; 'said control device dealing—w-tt;,—when
said necessity is detected while said nobile unit noves in.saj gnist cel
towards said second cell during the traffic connunL““‘ mm BI first
base station on said first service frquﬁpcy, hando kI st
service frequency to said second service frequency. 9. A control station
for use in a conbination of a code division nultiple access nobile

conmuni cati on a nei ri mohi | e comuni.cation_network, said
conbi nati on cg%gﬁrgégg ??Fgf gﬁgbgggo%geﬂgggcgtg?i8ﬁ§dc5ﬁﬁ889eﬁef3i§§id
control statiepegldnRgVi Ny @ common service area in which a nobile unit is
novabl e and which is divided into a plurality of cells including a

W
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frrst cell of said neighboring nobile communication network and a second
cell neighboring said first cell in said code division nultiple access
nobi | e comruni cati on network with said first and said second base stations
assigned with first and second service frequencies for traffic

comruni cation with said nobile unit while said nobile unit is in said first
and said second cells, said control station conprising a control device for
detecting 36 necessity of handoff betgeen said first and said second
service frequencies and for dealing with 8ai d handof f

HANDOFF CONTROL WITH A PILOT USED IN A CELL OF A NEIGHBORING
CELL IN A CDMA MOBILE COMMUNICATION NETWORK ON A SERVICE
‘ FREQUENCY OF THE NEIGHBORING CELL

ABSTRACT

To expedite handoff control while a mobile unit (11) moves between first and
neighboring second cells, A and B frequencies and the B frequency alone are assigned
for traffic communication to first (19) and second (21) base stations connected to a
control station (17) with the second base station accompanied by'a pilot transmitting
device (35) for transmitting only a pilot signal on the A frequency. As soon as informed

. of deterioration in a field intensity of the A frequency at the mobile unit together with
pilot information specific to the pilot signal from the first base station, the control station
finds that the mobile unit approaches the second base station and deals with handoff from
ﬂm;&ﬁwqmnmyu>ﬂm]3ﬁqhmﬂmy.

Fig. 3
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whefi sai’d necessity is detected, characterised in that: said first base
station is additionally assigned with said second service frequency for an
alternative use in said traffic conmunication; said second base station
conprising a pilot transmtting device for transmtting only a pilot “si-gnal
on said first service frequency; said control device dealing with, when
said necessity is detected while said nDAkJe unit noves in said first cel
towards said second cell during the traffi’c communication with said first
base station on said first service frequency, handoff fromsaid first
service frequency to said second servhee-tpeﬂﬂfncy.I%O. A control station
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9, chardacterised in that said control device conprises: a menory for
keeping a table accessible by pilot information specific to said pilot
signal for identifying said second service frequency; receiving nmeans for
receiving as detection of said necessity fromsaid first base station an
I ndi cation indicating, together wwth said pilot information, that a field
intensity of an el ectromagneti c wave of said second service frequency
beconmes objectionable at said nobile uni £43 and deal i ng neans by referring
responsive to said indication to said nenory for dealing with the handoff
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0 B7-fromsaid first service frequency to said second service frequency.
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