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TERMINAL ASSISTED KANDOFF MOBILE COMMUNICATION SYSYTEM
IN WHICH IMPROVEMENT IS CARRIED OUT AS REGARDS

A HANDOFF SYSTEM

Backgrowad of the Invention;
The present invention relates to a mobile
compunication system and, in particular, to a temminal

assisted handeoff mobile communication system in which a

handoff is requested from a mobile terminal to a heost

station.

In a mobile communication system, such as a cellular
system, a base station radio device or a radio base station
is arranged in each of radio zonesa. Upon reaching a
boundary between tha radio zones, a terminal establishing
communication with a base station radio device under the
best propagation condition starts communication with a new
base station 'rad.i.o davice for keeping communication. This
function is called handoff or hand-over.

In & code division multiple access (CDMA) cellular

system, radio zonas are identified using different

- spreading codes, respectively. Accordingly, it is not

nacessary to allocate different frequencies to the

respective radio zones as required in a fzrequency division
multiple access (FDMA) cellular system or a time division
multiple access (TDMA) cellular system. That is, the same

frequency can be allocated to base station radic devices
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arranged in the respective radio zones. Accordingly, in

the CDMA cellulax system, upon reaching a boundary between

the radio zones, a terminal in communication with a certain

base station radio device can also simultaneously
communicate with one or more base station radio devices in
the adjacent radio zones. Thus, a continuous or non-hit
handoff can be achieved. The handoff of this type is
called a soft handoff, wherein a terminal shifts from a

current radic zone to an adjacent radio zone using the same

_ frequency.

Fig. 6 schematically shows a structure of a
conventional terminal assisted handoff CDMA cellular system.
The shown cellula: system includes a base station
controller (host station) 12 and base station radio devices
10a, 10b connected therete. For éxanple, a terminal 11
communicating with the radio device 10b on a traffic
channel of a spreading coda bl x b2 receives a pilot
channel of a spreading code al transmitted from tha radio
device 10a covering an adjacent radio zone and constantly
measures a reception level thexeof. If the measured
reception level exceeds a preset threshold value, the
terminal 11 determines that it has entered a soft hancioff
radio zone and transmits a soft handoff start-up request
signal carxrying identification data of the radio device 10a
to the radio device 10b now in communication, using the
traffic channel of the spreading code bl x b2.

Pilot channels. transmitted from the base station

radio devices 10a, 10b are spread by different spreading
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codes, such as al and bl, for identification of the radio
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zones. In the IS-95-A, the spreading codas al and bl are
PN (pseudorandom noise) code sequences, and spreading codes
which differ par radio zone are allocated to the respective
bage station radio davices by time offset.

The base station controller 12 zéceives the start-up
ragquest signal from the terminal 11 via the base station
radio device 10b now in communication. Then, the base

station controller 12 transmits a soft handoff start-up

_signal to the base station radio device 10a represented by

the identification data carried on the start-up request
signal. Upon reception of the start-up signal, the radio
device 10a starts commmication with the terminal 11.
Simultaneously, the base station controllar 12 transmits a

soft handoff command signal to the terminal 11l via thae

‘radio device 10b for notification of a spreading code

al x a2 to ba used on a traffic channel of the radio device
10a. Upon reception of the soft handoff command eigmal,
the terminal 11 recognizes the new spreading code

al x a2 and starts communication with the radio device 1l0a
while communicating with the radio device 10b, so as to
shift to the radio zone of the radio device l0a.

As deseribed above, a terminal in communication
measures a reception level of a pilot channel txansmitted
from a base station radio device in an adjacent radioc zone
and, if the reception level exceeds a threshold value, the
terminal regquasts the start-up of a soft handoff to an

adjacent base station controller via a base station radic
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devica now in communication. The handoff system of this
type is called a terminal assisted handoff system, which
can reduce the throughput of a device provided in a base
station radio device for receiving a signal from a terminal
and the throughput of a base station controller.

Fig. 7 is a block diagram showing in detail a
structure of the terminal in the conventional terminal
assisted handoff CDMA cellular system. Tha terminal 11
comprises an antenna 16, a xeceiver 17, a transmitter 23, a
rake receiving section 15, a decoder 19, a reception level
measuring section 21, an éncoder 22 and a contxoilar 20.

A signal recaived through the antenna 16 is converted
into a baseband signal at the receiver 17 and then inputted
to the rake raeceiving section 15. The tarminal 11 includes
only one raceiver 17 for reduction in weight and size.
Howaver, if a frequency ¢f an adjacent radio zSne is the
same as that of a radio zone now in communication, the
temminal 11, while keeping the communication, can receive a
pilot channel of the adjacent radio zone and measure a
reception lavel thereof.

The rake receiving section 15 comprises a plurality
of correlators 13; to 13p (n is an integer not less than 2).

In the correlators 133 to 13,, spreading codes of mutually

different delay times ara set for efficient reception of
signals coming thxough various propagation paths as in
multipath fading peculiar to the cellular system.

Specifically, in the correlators 13; to 13p.31, spreading

codas used in a bage station radic device now in
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communication are set fox receiving signals from that base

station radio device. On the other hangd, in the corxelatoerxr
13,,, spreading codes used for pilet channels of base
station radio devices covering adjacent radio zones are set.

The baseband signal. inputted to the rake raceiving
section 15 is subjected to correlative demodulation at each
of the correlators 133 to 13,.7, then combined and decoded
at the decoder 19, and sent to the controller 20. On the
other hand, in the corrxelator 13;,, the pilot channels of
the adjacent radio zones are subjected to correlative
demodulation. The reception level measuring section 21
derives reception levels of the pilot channels of the
adjacent radio zones bagsed on results of the correlative
demodulation at the correlater 13, and feeds them to thae
controllex 20.

The controllexr 20 stores a preset threshold value for
tha start-up of a soft handoff and compares the reception
lavels of the pilot channels of the adjacent radio zonas
receivad from the reception level measuring section 21 with
tha preset threshold value. If the reception level exceads
the threshold value, the controller 20 produces a soft
handoff start-up request signal carrying identification
data of the base station radic device transmitting that
-pilot channel and transmits it to thae base station radie
davice now in communication. The base station controller
receives the start-up raquest signal via the base station
radio device now in communication and transmiti a soft

handoff start-up signal to the base station radio device
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reprxasentad by the identification data. Then, the soft
handoff is carried out and communication between the
terminal and the base station radioc device covering the
adjacent radio zone is started,

Fig. 8 schematically shows a radio zone structure in
the conventional terminal assisted handoff CDMA cellular
sYstam. The shown radio zone strueture includes a
plurality of adjacent radio zones A, B and C. The radio
zone A is provided with a cell 243 using a frequency £;,
the radio zone B is provided with a cell 251 using the
fraquency £4 and a cell 25 using a frequency £y, and tha
radio zona C is provided with a cell 263 using the
frequency £3 and a cell 26, using the frequency fj;,. The
cells 243, 25 and 2673 of the radioc zones A-C are adjacent
to each other, and the cells 25p and 26, of the radio zones
B and C are adjacent to each other. The cell using the
fraquency £, exists in sach of the radio zones B and C,
while it does not exist in the radio zone A. This is
caused by difference in scale between the regpective base
station radio devices.

In the foregoing radio zone structurs, the handoff is
carried out without any problem when, for example, a
terminal 11; starting communication with the cell 254
shifts to the cell 26, of the radio zone C, or a tarminal
117 starting communication with the cell 23; shifts to the
cell 241 of the radio zone A or to the cell 26; of the

radic zone C.
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As described before, since the terminal 11
incorporates only one receiver 17, it can not convert a
different fraquency signal into a baseband signal dvring
comminication. Accordingly, if a frequency of a pilot
channel of an adjacent radio zone for which the terminal 11
is headed (hereinafter, this radio zone will also be
rafaerred to as "headed radio zone”) differs from a
frequency now in use, the terminal 11 can not receive the
pilot channel of tha headed radioc zone. For example, it is
assumed that the terminal 11 starting communication with
the cell 25m at the frequency £, shifte to the radio zone A.
In this cas¢, since thexe is no cell using the same
frequency £m, in the headed radio zone A, the tazrminal 114
can not receive a pilot channal of the headed radic zone A.
Specifically, since the terminal 11j can not raceive a

pilot channel of the cell 24y at the frequency fj in this

case, it can noﬁ even carry out a handoff while changing
the frequency. Accordingly, in the terminal assisted
handoff system of the IS-95-A, when the terminal 11 moves
to a radic zone where a frequency now in use can not be
used, the handoff can not be achieved to cause
disconnection in communication. The foregoing handoff to
ba carried out while changing a frequency is called a hard
handof£f.

Summazry of the Inveption:

It is therefore an object of the present invention to
provide a terminal assisted handoff mobile communication

system which is capable of gmoothly carrying out a handoff
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aven whan a terminal moves to a radio zone where a
frequency now in use can not be used.

Other objects of the present invention will become
cleaxr as the description proceeds.

According to one aspect of the present invention,
there is provided a fixed facility for a mobile
communication system including a mobile terminal. The
fixad facility covers a first and a second radio zona which
are assigned with a first and a second radic freguency,
respectively. The mobile terminal is communicadble with the
fixed facility by the use of, as a currant radic frequency,
one of the first and the sécond radio frequencies and is
capable of producing a request signal representative of
requast of a handoff in which the mcbile terminal is
communicable with the fixed facility by the use of another
of the first and the second radio frequencies at a boundary
area between the first and the second radic zones. The
fixed facility comprises judging means responsive to the
request signal for judging whéther or not the second radio
frequency is usable by the mobile terminal. The judging
maans producas a judgément regult. The fixed facility
furthar comprises signal transmitting means connected to
the judging means for tranemitting a command signal towards
the mobile terminal through the current radio frequency in
rasponse to the judgement result. The command signal

relates to the handoff.

According to anather aspect of the present invention,

thare is provided a terminal assisted handoff mcbile

PN
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communication gystem which ineludas a host station, a

plurality of radio base stations connected to the host
station, and a mobile terminal, each of the radio base
stations covering a corresponding radio zone including a
plurality of cells of mutually differen£ frequencies, the
mobile terminal communicating with one éf the radioc base
stations at a first frequency reQuests to the host station,
based on measured raception levals of pilot channels

. transmitted from the adjacent radio base stations at the
_first frequency, start-up of a soft handoff to anothar of
the radio base stations. The system further comprises a
pPilot channel transmitting means provided in at least one
of the adjacent radio base stations, the at least one of
tha adjacent radio basa stations not having a call of the
first frequency whicﬂ exists in the radio zone of each of
the othexr adjacent radio base stations, the pilot channal
transmitting maans constantly transmits a pilot channel
using the first fraquency. The system further comprises a
datermining means for, when the mobile terminal
communicating with the one of the radio base stations at
the first frequency raceives tha pilot channel from the
pilot chanmel transmitting means and requests to the host
station start-up of a soft handoff to the radio base
station transmitting the rsceived pilot channel,
determining that the cell of the first frequency does not
exist in the radioc base station transmitting the received
pilot channel, and a command signal transmitting means

connectad to the determining means for, in response to a



This Sheet Has Been Repl

TN

determination result from the determining means,
transmitting a hard handbff command signal commanding
execution of a haxd handoff to the mobile terminal using
the first frequeancy being used in communication.

According to still another aspact of the present
invention, there is p:ovide& a texminal agsisted handoff
mobile coimunication system which includes a host station,
a plurality of mutually adjacent radio basa stations
connactad to the host station, and a mobile terminal, each
of the radio base stations coﬁering a corresponding radio
zone including a pluzrality of cells of mutually diffaraent
frequencies, the mobile terminal communicating with one of
the radioc base stations at a first frequency requests to
the host station, based on measured reception levels of
pilot channels transmitted from the’' adjacent radio base
stations at the first frxequency, start-up of a soft handoff
to another of the radioc basa stations. The system furthaer
comprises a reception level raceiving means for raceiving
the reception levela of the pilot channels from the mobile
terminal, comparing means connected to the reception level
receiving means for comparing the reception levels received
at the reception level receiving means with a preset
thrashold valua, and a command signal transmitting means
connected to the comparing means and responsive to a
comparison result from the comparing means for transmitting
a first command signal commanding execution of a soft
handoff to the mobile terminal using the first frequency

being used in communication when there exists the radio
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zone, other than the radic zone of the radio base station

11

in communication with the mcbile terminal, which ahows the
reception level greater than the preset threshold value,
and for transmitting a second command signal commanding
execution of a hard handoff to the mobile terminal using
the first frequency being used in communication when there
exists no radio zone showing the reception level greatar
than the preset threshold value,

Fig. 1 is a block diagram showing a structure of a
terminal assisted handoff CDMA callular system aacording to
a first prefarred embodiment of the present invention;

Fig. 2 is a diagram schematically showing structures
of radio zones covered by base station radio devices shown
in Fig. 1, respectively;

Fig. 3 is a block diagram showing a structure of a
terminal assisted handoff CDMA callular system accoxrding to
a second prefexrred embodiment of the present invention;

Fig. 4 is a diagram schematically showing radio zo#gs,
seen from above, covered by base station radio devices
shown in Fig. 3, respectively:;

Fig. 5 igs a flowchart showing an operation of the
cellular system according to the second preferred
embodiment of the present invention;

Fig. 6 is a diagram schematically showing a structure

of a convantional terminal assisted handoff CDMA cellular

system;
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Fig. 7 is a block diagram showing in detail a

structure of a teminall in the conventional terminal
assisted handoff CDMA cellular system; and

Fig. 8 is a diagram schematically showing a radio
zone structure in the conventional tarminal assisted
handoff CDMA cellular systen.

L ioti £ the Pref 1 Embodi rqs

Now, preferred embodiments of the present invention
will be described hereinbelow with reference to the
accompanying drawings.

Fig. 1 is a block diagram showing a structure of a
terminal assisted handoff CDMA cellular system according to
the first preferred embodiment of the present invention.
Fig. 2 is a diagram schematically showing structures o:‘.‘
radio zones covered by base station radio devices shown in
Fig. 1, respactively. Since the cellular system in this
embodiment uses the known terminal 1l as it is, the
following description will also rafer to the structuxs of
the terminal 11 shown in Fig. 7.

As shown in Fig. 1, basa station radio devices 28a,
28b as radic base stations are connected .to a base station
contxoller 12 as a host station. A zadio zone A covered by
the base station radio device 28a is provided with cells
41; %o 41, using frequencies £ to £, respectively. A
radio zone B covered by the base station radio device 28b
is provided with cells 421 to 42, uging the frequancies £3
to £, respectively, and a cell 42, using a frequency fp.

-The cells 413 to 4l, and the cells 42; to 42, are adjacent
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to g@ach cother, while thera are no cells adjaceant to the

cell 42, of the radio zone B. This is caused by difference

in scale between the base station radio devices 28a and 28b.

The base station radio device 28a comprises an
antenna 31la, a distridbutor/synthasizer 32a, transceivers
30a; to 30ap coxresponding to the frequencies f£1 to £,,
respectively, a pilot channel transmitter 33 for constantly
transmitting a pilot channel of a frequency equal'to the
frequency £y of the cell 42 in the adjacent radic zona B
covared by the radio device 28b, and a ¢controller 40a. The
distributor/synthesizer 32a distributes a signal received
from the terminal 11 via the antenna 3la to the
transceivers 30a; to 30a,, reapectively, while combines
signals from the transceivers 30a; to 30a, for transmission
via the antennz 3la,

The basa station controllar 12 is provided with a
deternining section 44. When the terminal 11 in
communication receives the pilot channel from the pllot
channel transmitter 33 and raquasts the start-up of a soft
handoff to the base gtation controller 12, the determining
section 44 determines that there exists no cell of.a
frequency equal to the frequency fn of tha pilot channel in
the radio device 28a.

The base station radio device 28b comprises an

anteana 31b, a distributor/synthesizer 32b, transceivers
30by to 30b, corresponding to the f:eqpencies £f1 to £,

respectively, a transceiver 30b, corxesponding to the

frequency £5,, and a controller 40b. The
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distributox/synthesizer 32b distributes a signal received
from the terminal 11 wvia the antenna 31b to the
transceivers 30bjy to 30by, respectively, while conpbines
gsignals from the transceivers 30b; to 30b, for transmission
via the antenna 31b. Tha controller 40b is provided with a
command signal transmitting section 43, In reaponse to a
determination result at the determining section 44, the
compand signal transmitting section 43 produces a hard
handoff command signal for execution of a hard handoff
ﬁaing the frequency now in use for communication with the
termiral 11 and transmits it to the terminal 11.

In the cellular system according to this embodiment,
if a cell using a frequency equal to a frequency of a cell
of a radio zone now in communication exists in an adjacent
headed radio zone, a goft handoff can be smcothly achieved
in the same manner as in the conventional cellular systenm.
Accordingly, hexeinbelow, explanation will be made mainly
to the case where a cell using a frequency equal to a
frequency of a cell of a radio zone now in communication
does not exist in an adjacent headed radio zona.

For example, when the cell 42, of the frequency £y in
the radio zone B is allccated by the base station radio
device 28b, the terminal 11 starts communication with the
base station controller 12 via the tramsceiver 30by of the
radio device 28b and the controller 40b. The terminal 11,

vhile keeping the communication, receives the pilot channel

of the frequency fn transmitted from the pilot channel

transmitter 33 of the radio device 28a while moving to the
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radio zone A shown in Fig. 2. In the terminal 11, tha

reception level measuring sectiom 21 measures a reception
level of the pilot channel and gives it to the controller
20. The controller 20 transmits a reception level signal
to the base station radio device 28b via the encoder 22,
the transmitter 23 and tha antenna 16.

The controller 20 compares the reception level of the
pilot channel from the radioc zone A with the preset
threshold value. If the reception lavel exceeds the
threshold value, the controller 20 determines that the
tarminal 11 reaches a ponition where a soft handoff to the
radio zone A is possible, so as to produce a soft handoff
start-up request signal carrying identification data 65 the
base station radio device 28a and transmits it to the basa
station radio device 28b now in communication.

In the base station radio device 28b, the start-up
request gignal recaived via the antenna 31b and the
di stributor/synthesizer 32b is sent to the controller 40b
via the transceiver 30b, for the frequancy fm. Then, when
the start-up request signal is sent to the base staticn
controller 12 from the controller 40b, the determining
section 44 determines that a cell of the frequency £, to
which the terminal 11 will shift by a soft handoff does not
exist in the base station radic device 28a identified by
the start-up request signal. Accordingly, the base station
controller 12 checks existence of cells in the base station i
radio devices 28a, 28b corresponding to a frequency to

which a hard handoff is possible by the terminal 11. Fox
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example, if the cells 413, 423 using the frequency £1 are

both non-busy in the :aaio_zones A and B covared by the
radio devices 28a, 28b, a hard handoff command signal is
produced at the command signal transmitting section 43 of
the radic device 28b and transmitted to the terminal 11 via
the distridbutor/synthesizer 32b and the antenna 31Db.

Sinca the hard handoff command signal is transmitted
at a frequency equal to the frequency £, now in use by the
terminal 11, the terminal 11 can receive it as it is. In
the terminal 11, acecording to the hard handoff command
signal, the receiver 17 switches the frequency £ now in
use to the frequency £3, and thus the hard handoff to the
cell 421 of the frequency f] is carrxied out in the radio
zone B of the radio device 28b now in communication.
Thereafter, while keeping the communication with the cell
42; using the fraquency £i, the terminal 11 produces a soft
handoff start-up request signal carrying identification
data of the radio device 28a at the contzxoller 20 and
txanaxzits it to the radio device 28a via the radio davica
28b and the base station controller 12. Accordingly, the
terminal 11 smoothly carries out a soft handoff from the

cell 42y of the radio zone B to the cell 41; of the radio

zZona A.

Now, the second p#efe::ed embodiment of the present
invention will be described. Fig. 3 is a block diagram
showing a structure of a tarminal assisted handoff CDMA
cellular system accoxding to this embediment. Fig. 4 is a

diagram schematically showing radioc zones, seen from above,
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covered by base station radioc devices shown in Fig, 3,
respectively. In the figures, a bagse station radio device
28a covexing a radio zone A, a base station radio device
28b covering a radic zone B and a base station radio device
28c¢c covaziﬁg a radio zone C are connected to a base station
controller 12. Since the base station radio device 28c has
the same structure as the base gtation radieo devica 28b,
explanation thereof will be omitted.

The radio zone A is provided with a plurality of
cells using frequencies £1 to £,, respectively. Each of
tha radio zones B and C is provided with a plurality of
¢ells using the frequencies fi to £,, respectively, and a
cell using a fraequency f5. The cells using the frequenciaes
f1 to fp in the respective radio zones A, B and C are
adj;cent to each other, while the radic zone A has no cell
adjacent to the cells using the frequencies fy in the radio
zones B and C. This is caused by diffarence in scale
between the base station radio devices 2Ba-2Bc.

The base station radio device 28a comprises an
antenna 3la, a distributor/synthesizer 32a, transceivers
30231 to 30a, corresponding to the frequencies f1 to f£f;, and
a controller 40a. The base station radioc device 28b (28¢)
comprisaes an antenna 31b, a distributor/synthesizer 32b,
transcaivers 30bjy to 30b, corresponding tc the frequencies
f1 to £, a transceiver 30b, corresponding to the frequency
£fn, and a controller 40b.

The contreller 40b includes a reception level

receiving section 45, a comparing section 46 and a command
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signal transmitting section 47. 7The reception lavel

receiving section 45 requests the terminal 11 to transmit
reception levels of pilot channels from the base station
radic devices 28a, 28b and 28c measured at the terminal 11,
and receive them. The comparing section 46 compares the
reception levels received at the reception lavel receividg
section 45 with preset threshold values.

If, as a result of the comparison at the comparing
section 46, there exists, other than the radic zone of the
subject base station radio device (the base station radio
device now in communication with the terminal 11), the
radio zone transmitting the pilot channgl whose reception
level is greatexr than the threshold value, the command
signal transmitting section 47 transmits a first command
signal commanding a;ecution of a soft handoff to the
texminal 11 using a frequency now in use. On the other
hand, if there exists no radio zone showing the reception
level greater than the threshold value, the command signal
transmitting section 47 transmits a second command signal
commanding execution of a hard handoff to the terminal 11
using the frequency now in use.

Fié. 5 is a flowchart showing an operation of the
¢allular system according to this embodiment. RAs in the
foregoing first preferred embodiment, explanation‘will be
made mainly to the case where a cell using a frequency
equal to a frequency of a call of a radic zone now in

communication does not exist in an adjacent headed radio

. Zona.
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For example, when the cell using the fraquency £ in

the radio zone B is allécated by the base station radioc
davice 28b, the terminal 11 starts communication with the
base station controller 12 via the transceiver 30b; of the
radio device 26b and the controller 40b. While moving, for
example, in a direction D toward the radio zome C in Fig. 4,
the termipal 11, while kasping the communication, receives
the pilot channels trangmitted from the base station radio
device 28b and all the adjacent base station radio devices
28a, 28c¢c and measures reception levels thereof at the
re;eption level measuring section 21. Further, the
controller 20 transmits reception lewvel signals to the base
station radio device 28b via the encoder 22, the
transmitter 23 and the antenna 16.

In the base station radio d;vice 28b, it is checked
whethar there exists a terminal 1l communicating at the
frequency fp in the radio zone B (step S1). If the
tarminal 11 communicating at the frequency fp ®xists in the
radio zone B, the roception level receiving section 45
fequasts the terminal 11 to notify the reception levels of
the pilot channels transmitted at the frequency £, from the
base station radic devices 28a-28c, and receives them
(step S2).

In the base station radio device 28b, the comparing
section 46 compares the reception level of the pilot
channel from the radio zone B among the reception levels
received from the terminal 11 with a preset threshold value

A of -12dB (step S3). For example, if the reception lavael
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is -20dB, the reception level is smaller than the thraeshold
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value A. This means thﬁt the terminal 11 is away from the
radio zone B of the base station radio device 28b more than
a predetermined distance and thus needs to shift to another
cell by a handoff,

Subsequently, the comparing section 46 comparaes the
zraception levels of the pilot channels from the radio zones
A and C, other than that from the radio 2zone B, among the
reception levels received from the terminal 11 with a
preset threshold value B of -16dB (step $4). In this case,
sinca the cell using the frequency fp does not exist in the
radio zone A but exists only in the radic zone C, if the
reception level of the pilot channel of the radio zone C
exceads the threshold value B, it means that a soft handoff
to the csll of the frequency £y of the radio zond C is

possible. Accordingly, the command signal transmitting

section 47 transmits a first signal commanding execution of

a soft handoff to the terminal 11 using the frequency now
in use {(step S85). Simultanecusly, the base station radio
device 28b transmits a soft handoff start—up request signal
to the base station radio device 28c via the base station
controllex 12, so that the soft handoff to the cell of the
frequency £, of the radio zone C is carrisd out.

On the other hand, when the terminal 11 communicating
with the base station radio device 28b moves in a direction

E toward the radio zone A in Fig. 4, there is no cell using

the frequency f, in the headed radic zone A. In this case,

-

at step S4, thare is no reception level of the pilot
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channel exceeding the threshold value B. Thug, in tha base
station radio device 28b, tha command signal trangmitting
gection 47 transmits a sacond signal commanding execution
of a hard handoff in the subject radio zone B to the:
terminal 11 using the frequency now in use.

In the terminal 11, accﬁrding to the received second
gignal, the receiver 17 switches the frequency £y now in
use to, for example, the frequency f] so as to carxy out

the hard handoff to the cell using the frequency £ in the

radio zone B of the base station radio device 28b now in

communication.

Thereafter, the terminal 11, while keeping the
communication with the cell of the fraquency £y, produces,
at the controller 20, a soft handoff start-up request
signal carrying identification data of the base station
radio device 28a and transmits it to the radio device 2Ba
via the radio device 28b and the base station controllexr 12.

Accordingly, the terminal 11 smoothly carries out a soft
handoff to the cell of the frequency £ in the radio zone A
from the call of the frequency fy in the radic zone B.

In the foregoing first and second preferred
embodiments, the terminal 11 first carries out the hard
handoff to the cell of a different frequency in the radio
zone of the gubject base station radic device (the base
station radio device communicating with the terminal 11),
and then carries out the soft handoff to the cell of the
same frequency in-the adjacent radic zone. However, it may

also be arrxanged that the terminal 11 carries out a haxd

-
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handoff directly to a call of a different frequency in an

22

adjacent radio zone from a radic zone of the subject base
station radio device.

As described above, in the terminal assisted handoff
mobile communication system according to each of the
foregoing first and second preferred embodiments, even when
a terminal moves to a radio zone where a frequency novw in
use can not be used, a handoff can be carried ocut smocthly.

While the prasent invention has been described in
terms of the preferred embodiments, the invention is not to
be limited thereto, bu£ can be embodied in various ways
without departing from the principle of the invention as

defined in the appended claims.
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1. A fixed facility for a mobile communication

WHAT XS CLAIMED IS:

system including a mobile terminal, said fixed facility
covering a first and a second radio zone which are assigned
with a £irst and a second radioc frequency, respectively,
said mobile terminal being communicable with said fixed
facility by the use of, as a current radio frequency, one
of said first and said second radio frequencies and being
caiable of producing a request signal representative of
request of a handoff in which said mobile tezrminal is
communicable with said fixed facility by the use of ancther
of said first and said sacond radio frequencies at a
boundary area between said first and said second radio
zones, said fixed facility comprising:

judging means responsive to said request signal for
judging whether or not said sacond radio frequency is
usable by said mobile terminal, said judging means
producing a judgement result; and

gignal transmitting means connected to said judging
means f£or transmitting a command signal towards said mobile
tarminal through sald current radio frequency ln xesponse
to said judgement result, said command signal relating to
said handoff.

2. A fixed facility as claimed in claim 1, wherein
said first radio zone is further assigned with an
additicnal radio frequency which is same to said second

radio frequency, said second radio zone being further
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assigned with an additional radio frequency wshich is aqual
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to said first radio frequency, said mobile terminal being
communicable with said fixed facility by the use of one of
said additional radio fraguencies in place of said current
radio frequency.

3. A fixed facility as claimed in claim 1, further
comprising:

a host station including said signal transmitting
means;

- a first radio base station comnnected to said host
station for covering sald first radic zone; and

a second radio base station connected to said host
station for covering said second radio zone and having a
Pilot channel transpitting means for trangmitting a pilet
channel using said first radio frequency, said mcbile
terminal being responsive to said pilct channel to produce
said request signal,

said judging means included in each of said first and
said second radio base stations and judging whether or not
said second radic base station uses a radio freguency which
is equal to said first radio frequency.

4. A fixed facility as claimed in claim 1, wherein
each of said first and said second radio base stations
produces a pilot channel, said mobile terminal being
responsive to said pilot channel to produce a reception

level of said pilot channel, said judging means further

comprising:
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receiving means for receiving said reception level;

comparing means connected to said raceiving means and
said signal transmitting means for comparing said reception
level with 3 preset threshold value to produce a comparison
rasule,

said sigmal transmitting means transmitting, as said
command signal, a first command signal to said mobile
taerminal by the use of said current radioc frequency in
response to said comparison result when said reception
level is greater than said preset threshold value, and
transmitting, as said command signal, a second command
signal to said mobile terminal by the use of said current
radio f:equency in response to said comparison result when
said reception level is not greater than said presat
threshold value, said first command signal commanding
exacution of a soft handoff in which said mocbile terminal
is communicable with said fixed facility without a change
of frequency at said boundary area, said second command
signal commanding execution of a hard handoff in which said
mobile terminal is communicable with said fixed facility
with a change of frequency at said boundarxry area.

5. A terminal assisted handoff mobile communication
system including a host station, a plurality of radic base
stations connected to said host station, and a mobile

- texrminal, each of said radio bagse stations covering a
corresponding radio zone including a plurality of cells of

- mutually different frequencies, said mobile terminal
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communicating with one of the radio base stations at a
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firat frequency requests to said host station, based on
measured reception levels of pilot channels trangmitted
from the adjacent radio base stations at said first
fraquency, start-up of a soft handoff to another of the
radio base stations, said system further comé:ising:

a pilot channel transmitting means provided in at
least one of the adjacant radio base stations, said at
least cne of the adjacent radio base stations not having a
cell of said first frequency which exists in the radio zonse
of each of the other adjacent radio base stations, said
pilot channel transmitting means congtantly transmitting a
pilot channel using said first frequency;

a determining means for, when the mobile terminal
copmunicating with said one of the radic base stations at
said first frequency receives the pilot channel from said
pilot channal transmitting means and requests to said host
station start-up ¢of a soft handoff to the radic basa
station transmitting the received pilot channel,
determining that the cell of said first frequency does not
exist in the radio base station transmitting the received
pilot channel; and

a command signal transmitting means connected to said
datermmining means and responsive to a detarmination result
from said determining means for transmitting a harxd handoff
command signal commanding exacution of a hard handoff to
gaid mobila terminal using said firxst frequency being used

in communication.
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6. A texminal assisted handoff mobila communication
gysten as claimed in cléim‘ 5, wherein said mobile terminal,
in response tc the hard handoff command signal from gaid
command signal transmitting means, carries out the hard
handoff to a cell of a sacond frequency other than said

first frequency in the radio zone covered by the radic base

_station communicating with said mobile terminal.

7. A terminal assisted handoff mobile communication
system as claimed in claim S, wherein said mobile terminal,
in_response to the hard handoff command signal from said
command signal transmitting means, carries out the hard
handoff directly to a cell of a second frequency other than
said first frequency in the radio zone covered by the radio
baée station transmitting said raceived pilot cha.:mal:

8. A terminal assisted handoff mobile comunica.tion
system including a host station, a plurality of mutually
adjacent radio base stations connected to said host station,
and a mobile terminal, each of said radio bage stations
covering a corresponding radioc zone including a plurality
of cells of mutually different frequencies, said mobile
terminal communicating with one of tha radioc base stations
at a first frequency requests to said host station, based
on measured reception levels of pilot channels transmitted
from the adjacent radio base stations at said first
frequency, start-up of a soft handoff to ancther of the

radioc base atationa, said systam further comprising:

I
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a reception level receiving means for receiving said
reception lavels of the-pilot channels f£rom said mcbkila
terminal;

a comparing means conndcted to said reception level
receiving means for comparing the :egeption lavels racaived
at said reception level recaiving means with a preset
threshold valua; and

a command signal transmitting means connected to said
comparing means and responsive to a comparisen result from
said comparing means for transmitting a first command
signal c¢ommanding execution of a soft handoff to said
mebile tarminal using said first frequency being used in
compunication when there exists the radio zone, other than
the radio zone of Fhe radioc base station in communication
with said mobile terminal, which shows the reception level
greater than the preset threshold value, and for
transmitting a sacond command signal commanding execution
of a hard handoff to said mobila tarminal using said first
frequency being used in communication when there exists no
radio zone showing the recesption level greater than the
preset threshold valuae.

9. A terminal assiated handoff mobile communication
systen as ¢laimed in claim €, wherein said mobila terminal,
in response to tha saecond command gignal from said command
signal transmitting means, carries out the hard bandoff to
a cell of a second fraquency other than said first
frequency in the radic zone covered by the radio base

station communicating with gsaid mobile terminal.
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10. A terminal assisted handoff mobile communication.

system as claimed in claim 8, wherein said mobile terminal,

in response to thae sacond command signal from said command

signal transmitting means, carries out the bard handoff
directly to a cell of a second frequency other than said
first frequency in tha rxadic zone covered by the radio base

atation transmitting said received pilot channal.
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