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1

HANDOFF METHOD FOR CELLULAR
DIGITAL MOBILE COMMUNICATION
SYSTEM AND MOBILE STATION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to a handoff (busy channel
switching) method for a cellular digital mobile communi-
cation system constituted by small radio zones (cellular
system).

Aservice area of the cellular system is divided into a large
number of radio zones (cell sites), and identical frequencies
are utilized again in remote cell sites to increase the number
of mobile telephone sets per frequency. The number of
potential users of mobile telephones is larger than the actual
number of users covered by the existing systems. Therefore,
strong demand has arisen for a large-capacity system. The
size of the cell site may be reduced to increase the system
capacity within the limited frequency band. For example, if
the radius of the cell site is reduced to 1/10, frequency
utilization efficiency can be increased to 100 times.

When the size of the cell site is minimized, however, the
frequency of communication channel switching, i.e., a hand-
off is increased since a mobile station is moved from one site
to another during communication. A handoff sequence of an
existing system is described in Bell System Technical Jour-
nal Vol. 58, No. 1, January 1979, P. 65. Upon designation of
a new cell site channel, a mobile station interrupts commu-
nication via the present channel, and the channel is then
switched to a new channel. In this state, the mobile station
performs a communication test and restarts communication
on the new channel. According to this method, communi-
cation is interrupted for 0.7 to 0.8 sec during the commu-
nication test.

Since the communication is interrupted for 0.7 to 0.8 sec
according to the conventional handoff method, communica-
tion quality is greatly degraded when the channels are
frequently switched upon an increase in the number of cell
sites.

In addition, in the conventional handoff method, detection
of movement of a mobile station between cell sites is
concentrated on a base station and a radio channel control
station. When the size of the cell site is minimized, the
handoff operation must be frequently performed, and a
control amount is locally increased, thereby requiring a
large-capacity apparatus.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a handoff
method substantially free from an interruption time and a
mobile station for realizing the method.

It is another object of the present invention to provide a
handoff method in which a control amount is not locally
concentrated, and a mobile station for realizing this method.

In the handoff method of a cellular digital mobile com-
munication system according to the present invention, a free
time of a time-divisionally multiplexed channel is utilized to
perform a communication test of a new channel.

The mobile station of the present invention comprises
communicating means for performing communication using
a time-divisionally multiplexed channel, switching means
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2

for connecting a new channel during the free time of the
channel, and a communication test circuit for performing a
communication test of the new channel when the switching
means switches the channel to the new channel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing allocation of cell sites of a
cellular digital mobile communication system which
employs the present invention;

FIGS. 2A, 2B and 2C are views showing frame formats of
channels of each cell site according to an embodiment of a
handoff method of the present invention;

FIG. 3 is a view showing a handoff sequence using the
frame formats shown in FIGS. 2A to 2C;

FIG. 4 is a view showing another handoff sequence using
the frame formats shown in FIGS. 2A to 2C;

FIG. 5 is a block diagram of a mobile station for realizing
the handoff sequences of FIGS. 3 and 4;

FIGS. 6A, 6B, 7A, and 7B are views showing frame
formats of channels according to another embodiment of the
handoff method of the present invention;

FIG. 8 is a flow chart showing a handoff sequence using
the channel frame formats shown in FIGS. 6A to 7B;

FIG. 9 is a flow chart showing another handoff sequence
using the channel frame formats shown in FIGS. 6A to 7B;

FIG. 10 is a block diagram showing a mobile station for
realizing the handoff sequences of FIGS. 8 and 9;

FIG. 11 is a view showing a system employing still
another embodiment of a handoff method of the present
invention;

FIG. 12 is a view showing a time division operation of the
carrier frequency in the handoff method practiced by the
system shown in FIG. 11;

FIG. 13 is a view showing assignment of time-divisional
carrier frequencies shown in FIG. 12 to cell sites;

FIG. 14 is a view showing a handoff sequence executed
according to assignment of the carrier frequencies shown in
FIGS. 12 and 13;

FIG. 15 is a view showing another time division operation
of carrier frequencies in the handoff method practiced by the
system shown in FIG. 11;

FIG. 16 is a view showing assignment of the time-
divisional carrier frequencies (FIG. 15) to cell sites;

FIG. 17 is a block diagram showing a mobile communi-
cation system according to still another embodiment of the
present invention; and

FIG. 18 is a block diagram showing a detailed arrange-
ment of a mobile station shown in FIG. 17.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described with reference to the accompanying drawings.

FIG. 1 shows allocation of base stations of a cellular
digital mobile communication system which employs a
handoff method, i.e., a method of switching communication
channels (to be referred to as channels hereinafter). Refer-
ring to FIG. 1, a coverage area of the system constitutes a
grid consisting of radio zones, i.e., cell sites of a large
number of base stations 1. FIG. 2A shows a format assigned
to a base station A, FIG. 2B shows a format assigned to base
stations B, D, and F, and FIG. 2C shows a format assigned
to base stations C, E and G.



Re. 36,309

3

In the channel format of the base station 1, a frame having
a length of 8 T (to be referred to as an 8 T frame hereinafter)
constituted by time slots each having a length of 2 T is
repeated twice, and a frame having a length of 4 T (to be
referred to as a 4 T frame hereinafter) of time slots each
having a length of T are repeated eight times. When the
frame format is assigned to the base station 1 as described
above, while the 8 T frame is repeated twice, the adjacent
base stations repeat the 4 T frame. Therefore, all channel
switching operations of the base stations can be completed
within the 6 T free time which is available during repetition
of the 8 T frame twice.

Assume that a new channel B3 is designated for a mobile
station which is moving by using a channel Al at present. In
this case, the mobile station switches the present channel to
the channel B3, performs a communication test with the base
station B, and then returns to the channel A1 when the first
half of the continuous 2 T time slots of the channel Al is
completed. When the communication test is not completed
within the time slot, the communication test can be per-
formed using a plurality of time slots. With this
arrangement, the mobile station can continuously perform
communication via the channel Al and at the same time the
communication test of the newly designated channel B3.
The communication test for other channels than the channel
B3 can be performed in the same manner as described
above.

FIG. 3 is a view showing control procedures of a first
handoff sequence using the frame formats shown in FIGS.
2A to 2C. When a mobile station connected to the base
station A via the channel Al enters into a cell site of base
station B, this entrance is detected by an exchange. The
exchange then selects a free channel B3 of the base station
B as a new channel. This detection technique is well known
to those skilled in the art. The exchange designates the
channel number B3 of the base station B to the mobile
station via the base station A by using a signal in the channel
Al. The exchange renders the base station B to transmit a
test signal via the channel B3. The mobile station receives
the channel B3 designated by utilizing the free time of the
channel. The mobile station detects the test signal and sends
back an acknowledge signal via the channel B3. The
exchange which receives the acknowledge signal via the
base station B designates switching to the mobile station by
using the signal in the channel Al. Upon designation of
switching, the mobile station switches the channel from Al
to B3. In this manner, when the communication test is
performed by utilizing the free time of the channel, the
interruption time of communication can be shortened.

FIG. 4 is a view showing control procedures of a second
handoff sequence using the channel frame formats shown in
FIGS. 2A to 2C. When a mobile station connected to the
base station A via the channel Al enters into a cell site of the
base station B, this mobile station detects entrance into the
cell site of the base station B. This detection can be per-
formed such that a control channel commonly and time-
divisionally utilized by a plurality of base stations is moni-
tored by using the channel free time and mean values of
reception levels of the control channel transmitted from the
respective base stations are compared. The mobile station
which detects crossing between the cell sites requests a
channel to the base station B. In response to this, the base
station B designates the channel number B3 to the mobile
station. The request and the designation of the channel
described above are performed by utilizing the channel free
time, and therefore communication is not interfered. The
mobile station then transmits a test signal by utilizing the
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4

free time of the channel Al via the newly designated channel
B3. When the base station B detects this test signal, it sends
back an acknowledge signal via the channel B3. When the
mobile station receives the acknowledge signal from the
base station B, the mobile station designates switching to the
exchange via the base station A by using a signal in the
channel Al. The mobile station then switches the channel
from Al to B3. The exchange which receives a signal for
designating switching switches a communication line from
the base station A to the base station B.

FIG. 5 is a block diagram showing a mobile station for
realizing the handoff sequences of FIGS. 3 and 4. Reference
numeral 10 denotes a switching circuit; 20, a communica-
tion circuit; and 30, a communication test circuit. An RF
signal received by an antenna 100 is converted into an IF
signal by a mixer 11 and demodulated by a modulator/
demodulator 40. The demodulated signal is input to a time
division multiplexer 21. The time division multiplexer 21
extracts a channel signal of present communication from
outputs from the modulator/demodulator 40, and the
extracted signal is sent to an encoder 22. The encoder 22
extracts a control signal which is then supplied to a control
circuit 13. The encoder 22 converts an output from the time
division multiplexer 21 into a speech signal and sends it to
a telephone set 23.

A speech signal as an output from the telephone set 23 is
converted into a digital signal by the encoder 22, and the
digital signal is input to the time division multiplexer 21. A
control signal as an output from the control circuit 13
constituted by a microprocessor is input to the time division
multiplexer 21. These signals are converted into a time
division multiplexed signal by the time division multiplexer
21. The multiplexed signal is modulated by the modulator/
demodulator 40. The modulated signal is converted into an
RF signal by the mixer 11. The RF signal is transmitted from
the antenna 100. Time-division multiplexing and
modulation/demodulation techniques are not limited to any
specific ones.

Upon detection of the signal for designating the new
channel number, when the present channel time slot is
completed, the control circuit 13 changes a frequency of an
oscillator 12 to tune the mixer 11 to a frequency of the new
channel thereby to cause the communication test circuit 30
to connect with the new channel through the time division
multiplexer 21. When the communication test circuit 30
detects a test signal via the new channel, it sends back an
acknowledge signal. Alternatively, the communication test
circuit 30 transmits a test signal via the new channel and
receives an acknowledge signal. When the time slots of the
new channel are completed, the control circuit 13 changes
the frequency of the oscillator 12 to tune to the frequency of
the present channel and connects the communication circuit
20 to the present channel via the time division multiplexer
21 again. With the above operation, the communication test
can be performed without adversely affecting communica-
tion. Therefore, the interruption time of communication
during the handoff sequence can be shortened.

Since a conventional mobile telephone system employs
analog modulation, an SCPC (Single Channel Per Carrier)
method is generally employed in which one channel is
assigned to one carrier frequency. In the SCPC method,
since the mobile station is always kept in the transmission or
reception state during communication, two receiver/
transmitters are required to perform a communication test
while communication is kept continued.

However, when digital modulation is performed, N chan-
nels can be assigned to one carrier frequency by time
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division multiplexing. In this case, a time required for
setting each mobile station in the transmission and reception
states can be 1/N of the total communication time. The
mobile station is kept in the standby state during the remain-
ing time. According to the present invention, this free time
is utilized to perform a communication test of a new channel
by one receiver/transmitter without interfering the present
communication.

In general, in time division multiplexing, the time slots of
the channel have equal intervals. When a new channel which
overlaps the present channel along the time axis is
designated, the time slots of the present channel always
overlap those of the new channel. Therefore, a communi-
cation test cannot be performed even if a free time is utilized.
According to the present invention, the time slots of the
channels have unequal intervals. Even if any channel is
newly assigned, a free time is available which does not
involve overlapping between the time slots of the present
and new channels. With this time slot assignment, a com-
munication test can be performed without adversely affect-
ing communication, and the interruption time can be almost
eliminated.

FIGS. 6A, 6B, 7A, and 7B show channel frame formats
according to another embodiment of a handoff method of the
present invention.

FIGS. 6A and 6B show frame formats of a downward
channel from a base station A to a mobile station and an
upward channel from the mobile station to the base station
A. FIGS. 7A and 7B show frame formats of a downward
channel from a base station B to a mobile station and an
upward channel from the mobile station to the base station
B.

The downward and upward channels of each base station
have a predetermined frequency difference. An 8 T frame
constituted by eight time slots each having a length of T are
repeated to constitute each channel.

In addition, a time difference between the downward and
upward channels is one time slot. Therefore, after the mobile
station receives information in a time slot of the downward
channel, it transmits information in a time slot of the upward
channel.

Assume that a mobile station connected to the base station
Avvia a channel Al performs a communication test with the
base station B during communication. After the mobile
station receives information via the upward channel Al, it
changes a frequency to that of the base station B and waits
for a test signal via a new downward channel. When the
mobile station detects a test signal via a new downward
channel, it sends back an acknowledge signal via the new
upward channel, immediately changes the channel to the
channel of the base station A, and starts communication.

Frequency switching generally requires a given period of
time. Accordingly, when the mobile station transmits the
signal via the upward channel Al and then changes the
frequency, the signal cannot be received via the downward
channel B3 but by the channel B4. If newly assigned
channels are B4, B5, and B6, the mobile station detects a test
signal via a downward channel and sends back an acknowl-
edge signal via an upward channel. The mobile station then
switches the frequency to that of the base station A. In this
case, information in the next time slot of the channel Al can
be received, and therefore no interruption caused by the
communication test occurs.

If newly assigned channels are B7, B8, B1, B2, and B3,
the mobile station detects a test signal via a downward
channel and sends back an acknowledge signal via an
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upward channel. The mobile station then switches the fre-
quency to that of the channel of the base station A. In this
case, the mobile station cannot receive information in the
next time slot of the channel Al. Therefore, one time slot of
the channel Al is lost and interruption occurs. However,
such interruption has almost no effect on the communication
quality and is negligible.

In the above frame formats, a new downward channel can
be detected within one frame upon frequency switching.
However, even if a new downward channel is not detected
upon a lapse of one frame, the present channel is forcibly
restored, and a loss of the time slots can be reduced to one,
thereby preventing degradation of communication quality.

In addition, if a loss of a plurality of time slots assures
allowable communication quality, a new downward channel
can be observed for a plurality of frames.

Two handoff sequences according to the channel frame
formats shown in FIGS. 6A to 7B will be described with
reference to flow charts of FIGS. 8 and 9, respectively.

In the handoff sequence of FIG. 8, a mobile station is
connected to the base station A and repeats downward
channel reception (step 81) via the channel Al and trans-
mission via the upward channel (step 82) of the channel Al
of the frame formats of FIGS. 6A, 6B, 7A, and 7B. When
this mobile station enters into a cell site of the base station
B, the exchange detects this entrance and selects a free
channel, e.g., B3 of the base station B as a new channel. The
exchange designates the new channel to the mobile station
by using a signal in the channel Al via the base station A.

The exchange causes the base station B to transmit a test
signal via the channel B3. In step 83, upon designation of the
new channel, the mobile station tunes to the carrier of the
downward channel B3 at the end of the time slots of the
channel Al in step 85. In step 86, a timer is set at one frame
period. The mobile station then waits for a test signal via the
downward channel B3. When the mobile station detects the
test signal in step 87, the mobile station transmits an
acknowledge signal via the new upward channel B3 in step
89. The mobile station returns to the channel Al and
continues communication.

If the test signal is not detected upon a lapse of a
one-frame period in step 88, the flow returns to step 81. In
this case, no operation is performed, and the mobile station
continues communication via the channel Al. When the
exchange receives the acknowledge signal via the base
station B, the exchange designates switching (handoff) to the
mobile station by using the signal in the channel Al. The
exchange itself switches the channel from Al to B3. In
response to the designation of the handoff (step 84), the
mobile station switches the channel from Al to B3 (step 90).
In this manner, when the communication test is performed
while communication continues, an interruption time during
the handoff sequence can be shortened.

In the handoff sequence shown in FIG. 9, the mobile
station communicates with the base station via a channel and
at the same time receives a common downward control
channel time-divisionally utilized by a plurality of base
stations by using a channel free time (step 91). The mean
values of the reception levels of the downward control
channel of the base stations are compared to detect whether
the mobile station enters into another cell site (step 92). For
example, when a mobile station connected to the base station
Avia the channel Al enters into a cell site of the base station
B, the mobile station which has detected the entrance in the
cell site in step 95 transmits a signal for requesting a new
channel to the base station B via the control channel. In
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response to this, the base station B designates the channel
number B3 to the mobile station via the downward control
channel and transmits a test signal via the channel B3.
Exchange of signals between the mobile station and the base
station B in steps 96 and 97 is performed by utilizing a free
time of the channel. The mobile station which is designated
with the new channel B3 in step 98 tunes the frequency to
the carrier of the channel B3 (step 102) upon completion of
the time slots of the channel Al. The timer is set at one frame
period (step 103). The mobile station then waits for a test
signal via the channel B3. When the mobile station detects
the test signal in step 104, the mobile station transmits an
acknowledge signal via the channel B3 in step 101. The flow
returns to step 96. The mobile station then continues com-
munication via the channel Al.

However, if the test signal is not detected upon a lapse of
a one-frame period in step 105, the flow returns to step 91.
No operation is performed, and the mobile station continues
communication via the channel A1. When the base station B
receives the acknowledge signal, the base station B trans-
mits a switching signal to the exchange and the mobile
station. The exchange and the mobile station which receive
the switching signal in step 99 switch the channel from Al
to B3 in step 106.

FIG. 10 is a block diagram of a mobile station for
realizing the handoff sequence shown in FIG. 9. Reference
numeral 80 denotes a communication circuit; 30, a commu-
nication test circuit; and 90, a switching circuit.

An RF signal received by an antenna 100 is converted into
an IF signal by a mixer 40. The IF signal is demodulated by
a modulator/demodulator 50. The demodulated signal is
input to a time division multiplexer 60. The time division
multiplexer 60 extracts a speech signal from the output from
the modulator/demodulator 50. The speech signal is sent to
a switch 91. The time division multiplexer 60 extracts a
control signal from the output from the modulator/
demodulator 50 and sends it to a control circuit 92. The
switch 91 is controlled by the control circuit 92 to connect
the time division multiplexer 60 to an encoder 81 or the
communication test circuit 30. The time division multiplexer
60 is normally connected to the encoder 81, and the encoder
81 converts an output from the time division multiplexer 60
into a speech signal. The speech signal is sent to a telephone
set 82.

A speech signal as an output from the telephone set 82 is
converted into a digital signal by the encoder 81. This digital
signal is input to the time division multiplexer 60. A control
signal as an output from the control circuit 92 is input to the
time division multiplexer 60. These input signals are mul-
tiplexed by the time division multiplexer 60, and the mul-
tiplexed signal is the modulator/demodulator 50. The modu-
lated signal is converted into an RF signal by the mixer 40.
The RF signal is then transmitted from the antenna 100.
Time-division multiplexing and modulation/demodulation
techniques are not limited to any specific ones, and a
detailed description will be omitted.

Upon detection of the signal for designating a new
channel number, when the time slots of the present channel
are completed, the control circuit 92 changes a frequency of
an oscillator 70 and tunes to the frequency of the new
channel. The switch 91 connects the time division multi-
plexer 60 to the communication test circuit 30, and a timer
93 is set at one frame period. When a one-frame period has
elapsed, the timer 93 outputs a detection signal to the control
circuit 92.

When the communication test circuit 30 detects a test
signal via the new channel, it sends back or transmits an
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acknowledge signal to signal the end of communication test
to the control circuit 92. When the communication test is
completed, or a one-frame period has elapsed, the control
circuit 92 changes the frequency of the oscillator 70 and
tunes it to the frequency of the present channel. The time
division multiplexer 60 is connected again to the encoder 81,
and communication continues. With the above operations,
the communication test can be performed without adversely
affecting communication. Therefore, a communication inter-
ruption time during the handoff sequence can be shortened.

According to the above embodiment as has been
described above, the communication test of the new com-
munication channel can be performed while communication
continues. Therefore, a new channel can be switched during
communication without degrading communication quality.

FIG. 11 is a view showing a cellular digital mobile
communication system employing a handoff method accord-
ing to still another embodiment of the present invention.

Referring to FIG. 11, the cellular digital mobile commu-
nication system is constituted by an exchange 200, base
stations 220, and a mobile station 230. The base station 220
includes at least one TDMA radio transmitter/receiver, and
the mobile station 230 includes one TDMA radio
transmitter/receiver.

The mobile station 230 located within the cell site of a
given base station 220 (to be referred to as a BS-A
hereinafter) sets a communication channel with the BS-A
and is wired via the exchange 200. When the mobile station
230 is moved from the cell site of the BS-A to a cell site of
an adjacent base station (e.g., BS-B), the mobile station 230
must detect that a new channel can be set with the BS-B. The
mobile station 230 switches the channel with the BS-A into
that with the BS-B and continues communication.

FIGS. 12 and 13 show first example of time division of
carrier frequencies and spatial allocation of the time-
divisionally carrier frequencies, respectively.

Referring to FIGS. 12 and 13, the carrier frequencies to be
used are given as f,, f,, f5, . . . f,, and twelve channels are
time-divisionally multiplexed so as to synchronize with the
carrier frequencies f, f,, f5, . . . f,.. Channel groups T, to T,
are constituted by channels at identical timings. The channel
groups T, to T,, are assigned to the base stations such that
the channel groups are not used in the adjacent base stations.
In this case, the number of cell sites in a group having an
identical frequency is 12.

Since the channel group T, is assigned to the BS-A, the
mobile station 230 located in the cell site of the BS-A
performs transmission or reception at the timing T, of each
of the carrier frequencies f; to f,. With the this arrangement,
when the mobile station 230 which uses the channel of the
channel group T, is moved to the cell site of an adjacent base
station (one of BS-B to BS-G), the channel groups which
may be newly assigned to this mobile station 230 are T,, T,
T,, Ty, T,o, and T,;. Since these channel groups have
differences of one or more time slots from the channel group
T, which has been used, respectively, a channel group newly
assigned to the free time can be designated while commu-
nication continues via the channel group T,, and therefore a
communication can be performed via the new channel
group.

FIG. 14 is a view showing a handoff sequence executed
according to carrier frequency allocation shown in FIGS. 12
and 13.

With reference to FIG. 14, assume that a mobile station
using a channel of the frequency £, of the channel groups T,
(to be referred to as a channel (T,,f,) hereinafter) of the
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BS-A is moved to a cell site of the BS-B. When this mobile
station is moved in the cell site of the BS-B, the exchange
detects this movement and selects a free channel, e.g.,
(Te,f;) as a new channel of the cell site of the BS-B, and
designates this to the mobile station by using a signal in the
channel (T,f,). This detection by the exchange is well
known to those skilled in the art, and a detailed description
thereof will be omitted. The exchange transmits a test signal
to the BS-B via the channel (T.f,). The mobile station
designated with the new channel (Tg,f;) waits for a test
signal transmitted via the channel (T4,f;) upon completion
of the time slots of the channel (T,,f,). When the mobile
station detects the test signal, it transmits or sends back an
acknowledge signal via the channel (T,f,), returns to the
channel (T,,f,), and continues communication. A commu-
nication test is performed through two frames in FIG. 14.
However, a communication test may be completed within
one frame or continued for three or more frames. When the
exchange receives the acknowledge signal via the channel
(T,,f,) of the BS-B, the exchange designates switching to
the mobile station by using a signal in the channel (T,,f,).
The exchange itself switches the communication line from
the BS-A to the BS-B. Upon designation of a handoff
sequence, the mobile station switches the channel from
(T.,£,) to (Te,f;). In this manner, when the communication
test is performed while communication continues, an inter-
ruption time during the handoff sequence can be shortened.

FIGS. 15 and 16 are views showing a second example for
time division of carrier frequencies and spatial allocation of
the frequency-divided carrier frequencies.

Referring to FIGS. 15 and 16, carrier frequencies to be
used are given as f,,, £,, .5, £, £, £55, . . . £1, (kt an
integer satisfying 1=k =n; 1=1, 2, 3), .. . f,1, f,., and f, 5, and
the channels are time-divisionally multiplexed to synchro-
nize with the above carrier frequencies, thereby constituting
channel groups T,, Ts, . . . T;,. The same time slots as the
channel T; (i an integer satisfying 1=1=12) are given as S;
and R,. For example, S, represents that the carrier frequen-
ciesf ,, f,,, ... f,,, ... L, are time-divisionally multiplexed
at the same time slots as in the channel T,.

In this manner, the channels at identical timings constitute
channel groups T, to T,,, S; to S,,, and R, to R,,. The
channel groups T, to T,,, S; to S;,, and R; to R,, are
assigned to the cell sites, as shown in FIG. 15. In this case,
clusters each having a size of 12 are combined to constitute
a cluster having a size of 36. Therefore, the number of cell
sites at an identical frequency is 36. Similarly, it is possible
to increase the number of cell sites at an identical frequency
while the degree of multiplexing of channels is kept at 12.

According to this embodiment as described above, a
plurality of channels are time-divisionally multiplexed so as
to synchronize with the carrier frequencies, the channels at
identical timings constitute channel groups, the channel
groups are assigned to the cell sites such that the channel
group is used as a unit, and the channel groups continuous
on the time axis are not used by the adjacent cell sites. With
this arrangement, a difference of one or more channels
occurs between the present channel and the new channel of
the cell site adjacent to the present channel. Therefore, a
communication test of the new channel can be performed
while communication continues via the present channel.
Therefore, an interruption time during the handoff sequence
can be eliminated.

According to this embodiment as has been described
above, there is provided a handoff method in a cellular
digital mobile communication system, wherein transmission
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timings of the TDMA radio transmitters/receivers are equal
to each other within a given base station but are differenti-
ated by one or more time slots between the adjacent base
stations, so that an interruption time during the handoff
sequence can be substantially eliminated while communi-
cation continues.

FIG. 17 is a block diagram showing a cellular mobile
communication system for practicing a handoff method
according to still another embodiment of the present inven-
tion. Referring to FIG. 17, the cellular mobile communica-
tion system is constituted by an exchange 110, N base
stations 120, 120,, . . . 120,,, and a mobile station 130. The
N base stations 120, to 120,, communicate with the mobile
station 130 via communication and control channels
uniquely assigned to these base stations. A downward signal
of each control channel of the base station includes a flag
140 representing the presence/absence of a free channel of
the base station. When the flag 140 is set at level “17, it
indicates that a free channel is available. However, when the
flag 140 is set at level “0”, it indicates that a free channel is
not available. Specific frequencies are assigned to the com-
munication and control channels so as not to interfere with
each other. Referring to FIG. 17, a frequency f, is assigned
to the downward communication channel of the base station
120, and a frequency {f, is assigned to the upward channel
thereof. In addition, I frequencies are utilized again for the
downward control channels. Frequencies f,, f,, f5, and f, are
assigned to the base stations 120,, 120,, and 120, and 120,,
respectively. Other frequency assignment operations are
omitted. The mobile station 130 comprises an antenna 131,
a hybrid circuit 132, a transmitter 133, a receiver 134, a level
monitor 135, and a controller 136. The mobile station 130
communicates with a nearest base station by using the
transmitter 133 and the receiver 134. The mobile station 130
receives the signals of the frequencies f; to f;, via the
downward control channels of the base stations by using the
level motor 135 upon switching. The mobile station 130
compares reception levels of the base stations having free
communication channels and monitors movement between
the cell sites based on the flags 140. When a change in cell
site is detected, the mobile station 130 transmits a switching
request signal representing the base station in the changed
cell site to the exchange via the upward communication
channel.

Assume that the mobile station 130 connected to the base
station 1205 via a downward communication channel of the
frequency f, and an upward communication channel of the
frequency f, is moved from the cell site of the base station
120, to the cell site of the base station 120, having a free
communication channel. During travel of the mobile station
130, the level monitor 135 has a highest reception level of
the frequency £, in place of the frequency f5. The controller
136 compares the reception levels of the base stations
having free communication channels on the basis of the flags
140 and detects a change in cell site to that of the base station
120, and transmits via the upward communication channel
a switching request signal for requesting switching to the
base station 120,. When the base station 1205 receives the
switching request signal, it signals this to the exchange 110.
The exchange 110 selects a free communication channel of
the base station 120, and designates its number to the mobile
station 130 via the base station 120;. The mobile station 130
switches the channel to the designated communication chan-
nel of the base station 120,. In this manner, the mobile
station can always monitor a change in cell site, and control
of the handoff sequence is shared by the base and mobile
stations, thereby preventing local concentration of a control
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amount. In this embodiment, different frequencies are
assigned to the control channels. However, the control
channels may be assigned to an identical frequency by
time-divisional multiplexing. In this case, the reception
frequency of the level monitor need not be changed.

FIG. 18 is a block diagram of the mobile station 130
shown in FIG. 17. The mobile station 130 comprises an
antenna 131, a hybrid circuit 132, a mixer 331, a modulator
332, a mixer 341, a demodulator 342, a mixer 351, a
demodulator 352, a level detector 353, an oscillator 350, an
oscillator 330, a controller 136, and a telephone set 137. In
this case, the mixer 331 and the modulator 332 constitute the
transmitter 133. The mixer 341 and the demodulator 342
constitute the receiver 134. The mixer 351, the demodulator
352, the level detector 353, and the oscillator 350 constitute
the level monitor 135. The oscillator 330 is used to control
the mixers 331 and 342. An RF signal received by the
antenna 131 is input to the mixers 341 and 351 through the
hybrid circuit 132. The RF signal of the downward com-
munication channel is mixed with an output from the
oscillator 330 by the mixer 341 and is converted into an IF
signal. The IF signal is demodulated by the demodulator
342. The demodulated signal is supplied to the telephone set
137. A control signal included in the communication channel
is sent to the controller 136. A speech signal output from the
telephone set 137 and a control signal output from the
controller 136 are converted into an IF signal by the modu-
lator 332. An output from the modulator 332 is mixed with
an output from the oscillator 330 by the mixer 331. An
output from the mixer 331 is transmitted as an RF signal
from the antenna 131 via the hybrid circuit 132. Any
modulation/demodulation techniques may be utilized, and a
detailed description thereof will be omitted. One frequency
may be assigned to one communication channel, or one
frequency may be assigned to a plurality of communication
channels by time division multiplexing.

An RF channel of the downward control channel is mixed
with an output from the oscillator 350 by the mixer 351, and
the output from the mixer 351 is supplied to the demodulator
352 and the level detector 353. The output from the mixer
351 is demodulated by the demodulator 352 and is supplied
to the controller 136 as a control signal including a base
station identification code, and a flag representing the
presence/absence of a free communication channel. At the
same time, the level of the output from the mixer 351 is
detected by the level detector 353. A level detection signal
is supplied to a memory 354. The controller 136 sequentially
changes the oscillation frequencies of the oscillator 350 so
as to sequentially receive signals via the downward control
channel of each base station. When the controller 136
detects the base station identification code in the output from
the demodulator 352, the controller 136 causes the memory
354 to store the corresponding output from the level detector
353 and the flag representing the presence/absence of the
free communication channel in units of base station identi-
fication codes. The controller 136 compares the reception
levels of the base stations having free communication
channels, which are stored in the memory 354. The control
circuit 136 thus monitors a change in cell site. When a
change in sell site is detected, the controller 136 transmits a
switching request signal including the designation base
station identification code. If a plurality of reception levels
of the respective base stations are stored and their mean
values are compared, the influence of detection errors caused
by fading is minimized. In this case, a plurality of flags
representing the presence/absence of free communication
channels are stored. Comparisons can be performed by using
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the latest flags. In this manner, when a change in cell site is
monitored by the mobile station, concentration of control
amounts during the handoff sequence can be prevented.

When the base station monitors a change in cell site upon
comparison between the reception levels of the upward
signals of the mobile station, this monitoring must be
performed by a plurality of base stations and monitoring
results must be concentrated. Therefore, when channel
switching is frequently performed, the control amount is
locally concentrated.

According to the present invention, however, each mobile
station can compare the reception levels of the downward
signals of the base stations to monitor a change in cell site,
so that monitoring control can be shared by the base and
mobile stations. For this purpose, the level monitor is
arranged in the mobile station to receive the downward
signals from other base stations excluding a given station
while the mobile station communicates with the given
station. The downward signal may be received by the level
monitor via a communication channel, but preferably via a
control channel which normally transmits the downward
channel. When the control channel is time-divisionally mul-
tiplexed by each base station throughout the cell sites, the
reception frequency of the monitor need not be changed to
simplify the apparatus arrangement. The base station trans-
mits a downward signal including the flag representing the
presence/absence of a free communication channel, and the
mobile station compares the reception levels of the down-
ward signals of the base stations having free communication
channels. Therefore, a base station having no free commu-
nication channel cannot be selected as a designation station.
In this manner, the mobile station monitors a change in cell
site during communication. When the change in cell site is
detected, the mobile station transmits a switching request
signal and is switched to the designation base station having
a free communication channel. Therefore, local concentra-
tion of the control amount during the handoff sequence can
be prevented.

According to this embodiment as has been described
above, there is provided a handoff method and a mobile
station in a cellular digital mobile communication system
substantially free from a local increase in control amount
caused by an increase in the frequency of occurrence of
channel switching.

What is claimed is:

1. A mobile station comprising:

communicating means for performing communication

using a time-divisionally multiplexed communication
channel;

switching means for switching a present channel to a new

channel during the free time of the time-divisionally
multiplexed communication channel; and

a communication test circuit for performing a communi-

cation test of the new channel when said switching
means is connected to the new communication channel.

2. A hand off method for a cellular digital mobile com-
munication system comprising the steps of:

providing a time-divisionally multiplexed communication

channel;

changing a frequency to that of a new communication

channel at a time at which communications at time slots
of the time-divisionally multiplexed communication
channel are completed; and

switching the new communication channel back to the

time-divisionally multiplexed communication channel
when one of a communication test of the new commu-
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nication channel is completed and a predetermined
period of time has elapsed, thereby performing the
communication test of the new communication chan-
nel.

3. A mobile station comprising:

communication means for performing communication
using a time-divisionally multiplexed communication
channel;

switching means for switching a frequency or the time-
divisionally multiplexed communication channel into a
frequency of a second time-divisionally multiplexed
communication channel at a time at which communi-
cations at time slots of the time-divisionally multi-
plexed communication channel are completed and for
switching from said second time-divisionally multi-
plexed communication channel to the time-divisionally
multiplexed communication channel when one of a
communication test of said second time-divisionally
multiplexed communication channel is completed and
a predetermined period of time has elapsed; and

a communication test circuit for performing the commu-
nication test of said second time-divisionally multi-
plexed communication channel while said switching
means switches the frequency of the time-divisionally
multiplexed communication channel to that of said
second time-divisionally multiplexed communication
channel.

4. A handoff method for a cellular digital mobile com-

munication system, said method comprising:

providing a plurality of base stations and mobile stations,
wherein each base station comprises at least one time-
divisional multiplex access radio transmitter/receiver,
transmission/reception timings of the time-divisional
multiplex access radio transmitter/receiver are identical
within a given base station but are differentiated in
adjacent base stations by one or more time slots, and

performing a communication test by a mobile station with
a base station adjacent to a specific base station during
the free time between time slots in the communication
channel of said specific base station, while said mobile
station is still maintaining communication with said
specific base station.

5. A mobile assisted handoff method for use in a digital

cellular system, comprising the steps of:

a) receiving at a mobile station a communication signal
transmitted from a first base station in a first time slot
of a first frequency;

b) transmitting from said mobile station to said first base
station a communication signal in a second time slot of
a second frequency, said second time slot being differ-
ent in time from said first time slot;

¢) detecting at said mobile station a signal transmitted
from a second base station in a third time slot of a third
frequency, said third time slot being different in time
from said first and second time slots; and

d) responsive to the result of said detecting step (c),
determining whether said mobile station enters a cell
site other than the cell site of said first base station.

6. A method for use in a digital cellular system including

a plurality of mobile stations and a plurality of base stations,
comprising the steps of:

a) receiving at a first one of said plurality of mobile
stations a communication signal transmitted from a
first one of said plurality of base stations in a first time
slot of a first time-divisionally multiplexed frequency;

14

b) transmitting from said first mobile station to said first
base station a communication signal in a second time
slot of a second time-divisionally multiplexed
frequency, said second time slot being different in time

5 from said first time slot;

¢) detecting at said first mobile station a signal transmit-
ted from a second one of said plurality of base stations
in a third time slot of a third time-divisionally multi-
plexed frequency, said third fime slot being different in
time from said first and second time slots; and

d) responsive to the result of said detecting step (c),
determining whether handoff of said mobile station is
needed.

7. A method as claimed in claim 6, wherein said detecting

step (c) comprises the steps of:

cl) detecting at said first mobile station the levels of
signals transmitted from a plurality of base stations
including said second base station;

¢2) calculating the mean values of the signal levels
detected at step (cl),

¢3) producing said mean values calculated at step (c2) as
the result of said detecting step (c).

8. A mobile assisted handoff method for use in a digital

cellular system, comprising the steps of:

a) receiving at a mobile station a communication signal
transmitted from a first base station in a first time slot
of a first frequency;

b) transmitting from said mobile station to said first base
station a communication signal in a second time slot of
a second frequency, said second time slot being differ-
ent in time from said first time slot;
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¢) detecting at said mobile station a signal transmitted
from a second base station in a third time slot of a third
frequency, said third time slot being different in time
from said first and second time slots; and

d) responsive to the result of said detecting step (c),
determining whether handoff of said mobile station is
needed.

9. A mobile station comprising:

means for receiving a communication signal transmitted
from a first base station in a first time slot of a first
frequency;

means for transmitting to said first base station a com-
munication signal in a second time slot of a second
frequency, said second time slot being different in time
from said first time slot; and

45

means for detecting a signal transmitted from a second
base station in a third time slot of a third frequency,
said third time slot being different in time from said first
and second time slots.

10. A handoff method for a cellular digital mobile com-

munication system comprising the steps of:

providing a time-divisionally multiplexed communication
channel;

changing a frequency fo that of a new communication
channel at a fime at which communications at time
slots of the time-divisionally multiplexed communica-
tion channel are completed; and

switching the new communication channel back to the
time-divisionally multiplexed communication channel
when one of a crossover fest is completed and a
predetermined period of time has elapsed, thereby
performing the crossover test during the change to the
new communication channel.
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11. A mobile station comprising:

communicating means for performing communication
using a time-divisionally mulfiplexed communication
channel;

switching means for switching a present channel to a new
channel during the free time of the time-divisionally
multiplexed communication channel; and

a crossover test circuit for performing a crossover test by
receiving a transmission on said new channel when
said switching means is connected to the new commu-
nication channel.

12. A handoff method for a cellular digital mobile com-

munication system, said method comprising:

providing a plurality of base stations and mobile stations,
wherein each base station comprises at least one time-
divisional multiplex access radio transmitter/receiver,
transmission/reception timings of the time-divisional
multiplex access radio transmitter/receiver are identi-
cal within a given base station but are differentiated in
adjacent base stations by one or more time slots, and
performing a crossover test by a mobile station with a
base station adjacent to a specific base station during
the free time between time slots in the communication
channel of said specific base station, while said mobile
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station is still maintaining communication with said
specific base station.

13. A mobile station comprising:

communication means for performing communication
using a time-divisionally multiplexed communication
channel;

switching means for switching a frequency of the time-
divisionally multiplexed communication channel into a
frequency of a second time-divisionally multiplexed
communication channel at a time at which communi-
cations at time slots of the time-divisionally multi-
plexed communication channel are completed and for
switching from said second time-divisionally multi-
plexed communication channel to the time-divisionally
multiplexed communication channel when one of a
crossover fest at said second fime-divisionally multi-
plexed communication channel is completed and a
predetermined period of time has elapsed; and

a crossover test circuit for performing the crossover test
while said switching means switches the frequency of
the time-divisionally multiplexed communication chan-
nel to that of said second time-divisionally multiplexed
communication channel.



