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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
Qetail, a CDMA mobile communication 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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The control station may or may not be situated 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 sach 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 naf not be in the

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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cell. 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 to only one of stuch wobile 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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transmitting the uplink and the downlink traffic signals,
such different 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 bucomes very weak to be objectionable 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 amnd consequently the moblile 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 having

a service area in which a mobile unit is movable and

which is divided into cells for the respective base
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stations with different. gservice frequencies assigped to
the ruespective base atations, which method is for
controlling handoff for the mobile unit 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 network, 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=respect1ve base stations with different sge¢xrvice
t:eéuencies agsigned to the respective base statioms,

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 1s yet another object of this invention to

provide a handoff control method which 1is of the type
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described and in which each base station 1s on a small
scale with only a small amount of intozmatidn traiémittea
‘between the control station and each of two of the base
| stations that are related to movement of the mobile unit.

It 1s 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 re39ective base stations
with different service frequencies 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 duzation of a deterjorated éignal
guality.

It i3 another different object of this invention o

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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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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frequencies in a short timé-interval and with substan=-
tially no dnration-éf a deterlorated 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 18 om 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 abova-
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 differesnt service

frequencies with a short time interval and with a

substantially no duration of a deteriorated aignal
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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transmitted betwsen the control station and each of two~
of the base stations that are assigned with the above-
mentionad two of the diffexent service.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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sexrvice froquency, handoff from the first serxvice
frequency to the second service frequency when the
necegssity 1g detected.

Jn accordance with another 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
control station and first and secon& base stations
connected to the control station and having a common
service aréa 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 naighboring the first cell in the code '
division multiple access mobile communication netwozk,
the handoeff control method comprising the étep 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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mobile unit moves f£rom the first cell towards the second
cell during the trafflé comnanication with the f£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
uée 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 gservice area 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 second base stations assigned with First
and second sexvice frequencies for traffic éommnnicaiion

with the mobile unit while the mobile unit is in the

first and the second cells, the coentrol station

»
B

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 for an alternative use in the traffic -
communication, (B) the second base station comprising a
pilot 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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second cell during tbé traffic communication with the
Sirst 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 for uee in a conbination 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 connected 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 gsecond cell neighboring the first cell in
the code division multiple accéas moebile communication

ngtwork with the first and the second base astations

" 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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signal on the first service £requency, (C) the control
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 2 code division 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 is movable and 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 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 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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détected while the mobile unit moves Erom the first cell
towards the second 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 contrpl'
station and having a common service area in which a
mobile unit is movable and which is divided iato 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 as.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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pilot transmitting device for transmitting only a pilot
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
service 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 comprising a handoff control system
according to a first emboéiment of the ingtant inveation;

Fig. 4 exemplifies a table kept in a memoxy of

the handof£f control asystem illustxated in Fig. 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 f£or a mobile unit and comprises a

handoff control system according to a second embodiment
’_’/
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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
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second base stations 19 and 21 are situated and are
connected to the control station.17. Bach 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 18 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 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 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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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.

nnnn ﬁfllTﬁW \|ﬂl‘i\° ]
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Conveying to the mobile unit 11 the field
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 destination cel)l 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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communication ffom the moblle unit 11. In a worst case,
the mobile unit 11 moves beyond the cell border 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
wvaves 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;ng 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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£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 ggrvice 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
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sexvice frequency A a pilot signal which can carzy a
limited amount of information as pointed out inm 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 baselstation 19 tranamits to the control
station 17, as adjacent information of the :epéxt 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
pilot 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.
'inrormation is accomp%nied by the signal of the first
service frequency A. It is furthermore possihle to mike
the table indicate the second base station 21 1# 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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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 moves.in
- 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 continuously to Figsf 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

stationz 19 and 21 by three vertical lines with a middle
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vaertical line used to indicate the first and/or the
gecond bage ctations.ls 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. Transmission 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 he 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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indicatioﬁ conveyed to the control station 17. Wwhen the
necesslty 18 detected and furthermore when the pilot
signal is received at the moblle unit 11 with a predeter-
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 cbntrol gtation 17 also to the first
bage 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 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 bagse station 19, Continuous measure-
ment, however, dispenses with use of a memory and of

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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taformation to the control station 17 may be only
instantancougly tegether with the indication of 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
~the dealing means (DL) are alternatively represented by
the horizontal lines 319 and 41.

| Referring to Filg. 6, attention will be dlizected
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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areas may.or may not partly overlap on each other and Qo
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 second 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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connected directly to tha base station 21 as depicted but
is connected to anothor conitol 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

example, it. is possible that a satellite communication
network ig included either in the CDMA mobile communica=-
tion network or in the combinétion degoribed in the

foregoing.
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CLAIMS

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
service area in vhich a mobile unit is movable and which
is\divided into a plurality of cells 1nc1ud1ng first and
second cells neighboring each other, said 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.
/
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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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gsaid first. service frequency to sald second service
frequency when said necessity 1s detected.

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

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

| racelving as detecétion of sald necessity from
gald first base station an indication indicating,
together with said pilot information, that a field
intensity of an electromagnetic wave of said 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
ﬁsbile unit while said mobiie unit is in said first and

-gald second cells, saild control station comprising a
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control device for detecting necessity of handoff between
sald 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 said
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 said f£irst and sald second

base stations assigned with first and second service
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frequencies for traffic communication with said mobile
unit thle sald mobile unit is in said first and said
second cells, said control statioﬁ comprising - a control
daevice for deteéting necesaity of handoff betwaen ga.té
£fizrgt and sald second service frequencies and for dealing
with said handoff when said necessity is détected,
characterised in that: .

sald first base station 1i¢ additionally asgigned
with said second sérvice frequency for an alternative use
in said traffic communication; '

said second base station cnnprising a pilot
transmitting device for transmitting only a pilot signal
on saild first service freguency;

sald contral device dealing with, ;hen said
necessity ig detected while said mobile unit moves in
sald first cell towards sa1¢ 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:

-

Sheet Has Been Replaced -

\\ll\l\\ \lll\\ | \l\ \|I\



R R

34

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
indication to said memory for ﬂéaling 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 comérisinq
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 ot@ez
with saiq 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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sald first base station is additionally aqsigned
with sald gecond service £requency 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 1s detected while said mobile unit moves in
sald first cell towards said second cell during the |
traffic communication with said f£irst hase 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
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~necedsity of handoff between sald first and said second
service frequenciés 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 pilpt 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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£rom sald first service freqne' cy to said second service
f£requency. )
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