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TITLE QF THE INVENTION
"Low Traffic Handoff Method for CDMA Cellular Network Using

Different Frequencies Among Base Stations”
BACKGROUND OF THE INVENTION
Field of the Invention

‘The present invention generally relates to cellular communication
networks, and more specifically to a handoff method for code division
multiple access (CDMA) cellular communication networks when-a mobile
station is communicating with 2 first base station using a frequency which is
differenc from the frequency of a second base stacion.

Description of the Related Arr

Japanese Laid-Open Parenr Specificarion Hei-8-149551 discloses a
handoff technique for 2 CDMA. cellular cormmunication system which
addresses a problem associared with a mobile station making a handoff
attempt from a first base station to a second base station whose frequency is
different from the frequency of the first base station. However, this prior
art requires a high volume of control darta to be exchanged berween the base
stations and a control stacion. If handoffs occur frequently, high-speed
transmission media would be required berween the base stacions and the
control station to prevent the control traffic from adversely affecting normal
communication traffic. In addition, during handoffs the mobile stations are
required to transmic preamble sequences as a test signal wich such a scrength
thar surrounding base stacions can receive and determine their field -
streagths. The transmission of such test signals would dissipate the batrery
of 2 mobile station and shorten the usable lifetime of the bartery.

SUMMARY OF THE INVENTION

It is therefore an object of the presenc invention to provide a handoff
method for a CDMA cellular communication network which prevencs
handoff operarions from adversely affecting normal communicadion traffic.

According to the present invention, there is provided a handoff
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- method for a code division multiple access cellular communicacion network,
wherein a plurality of base stations are connecred to a control station and
share a first, common frequency and wherein a first base station has a
second frequency in addition to the common frequency. According ro the
handoff method of this invention, a mobile station receives a piloc signal
from the first base station over the second frequency when it has established
a connection thereto, and transmits a first handoff request message when
the field strength of the pilot signal drops below a predefined threshold.
The first base station receives the first handoff request message and returns a
change-frequencies command message to the mobile station. The mobile
station responds to the change-frequencies command message from the first
base station for switching to the common frequency and receives pilot
signals from more than one base station over the common frequency, and
transmits 2 second handoff request message containing a list of field
swengehs of the pilot signals. The firsc base station, on receiving the second
handoff request message from the mobile scation, makes a search through
the lisc of field streagths contained in the received message and returns a
handoff command message to the mobile station and a connection setup
command message to the concrol station if a second base station appropriace
for handofF is found. The conrrol station responds to the connection setup
command message from the first base station for instructing the second:
base station to establish a connection to the mobile scation. The mobile
station responds to the handoff command message from the firsc base
starion for instructing, the second base station to transmit a connection setup
complete message to the control station, which responds to it by instructing
the first base stacion to clear the connection to the mobile station.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be described in further derail with

reference to the accompanying drawings, in which:

Fig. 1 is a block diagram of 2 CDMA cellular mobile . This Sheet Has Been Rep
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communication network of the invention;

Fig. 2 is a time sequence diagram of a prior act handoff procedure
thar occurs when different frequencies are used berween base stations;

Fig. 3 is a flowcharr of the handoff operation of a mobile station;

Fig. 4 is a flowchart of the handoff operation of a base sration;

Fig. 5 is a flowchart of the handoff operartion of a control station;

" and

Fig. G is a time sequence diagram of the handoff procedure of the
present invention.

DETAILED DESCRIPTION

Referring to Fig. 1, 2 COMA (code-division multiple access)
cellular mobile communicacion network of the present invention is
schematically illustrated. Base stations 1 to 4 are provided, of which base
stations.1 to 3 are connecred By land-lines to a conrrol station 5 and base
station 4 is connected to another control station 6. Both control stations are
connected to a public switched telephone netwock 7. They are also
incerconnecred by a dedicated communication link 8 for communication
during handoff.

It is assumed thac the base scation 1 covers a thickly populared area
in comparison with the other base stations, and so it is assigned two
frequencies, one of which is 2 common frequency shared with the other base
stations which are assigned the common frequency only.

Wireless communication may proceed becween a mobile station 10~ 7

and the base stations when the mobile station moves around and produces a
situacion appropriate for handoff. Mobile stacion 10 is constandy measuring
the field strengths of pilor signals cransmicted from che surrounding base
stations to produce a list of field strengths. These pilot signals are
transmirted at regular intervals on each of che assigned frequencies ac
mutually exclusive times so thar the piloc signals of each frequency do not

overlap wich each other. Each pilot signal conrains che identificacion
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number of the transmitting base station and system data. When the mobile
station 10 establishes 2 communication, it searches chrough the list of field
strengths and detecmines the base stacion 1, for example, as it is sending the
strongest signal and receives system daca from che pilot signal of this base
station. By using che system data, che mobile stacion 10 synchronizes ivself

_ to a specified frequency and a specified CDMA channel and begins
communication with the base station 1 over the synchronized chanael.
Mobile station 10 formulates a handoff request message with the field
strengths data along with che mobile’s identification number when the field
strength of a pilot signal from the currendy communicaring base station
drops below a predefined threshold level, and transmits the handoff request
message to the current base station. .

If the frequency currently used by the mobile station 10 is different

. from the common frequency, the procedure associated with this handoff is
different from the usual "soft" handoff characteristic to the CDMA system.
In chis case, the handoff procedure is berween different frequencies.

Before proceeding with the derailed description of the present
invention, ic may be useful co provide an explanation of the prior art
"different-frequency” handoff procedure in the CDMA network of Fig. 1
with reference to the time sequence diagram shown in Fig. 2.

When the field strength of the pilot signal from this base stadon; -
drops below the threshold level, the mobile station 10 transmits a handoff

_request message to the base station 1, which hands it over to the control
station 5. Concrol station 5 analyzes che field strengths data of the mobile
station and finds no appropriare base station for handoff since che frequency
used by the base stations ocher than the base station 10 is che common
frequency differenc from the current frequency of the mobile station 10.
Control station 5 then returns a handoff response to the base station 1 w
cause it to instruct the mobile scation 10 to return a second handoff request

message containing a preamble sequence at the common frequency.
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Immediately following the transmission of the handoff response, the control
station 5 transmits a connection serup command message to the base
stations 2 and 3 to cause them to establish radio links to the mobile station
10. At the same cime, the control station 5 sends a handoff indication
signal to the conuzol station 6 to send a connection setup command message
to the base station 4,

In response to the handoff response from the base station 1, the
mobile station 10 synchronizes itself to the common frequency and sends a
second handoff request message conraining ics identification number and a
preamble sequence. All base stations receive the second handoff request
message. Each base station measures the field strength of the respective
preamble sequence and transmics it to the associated control station.
Conrrol stations 5 and 6 exchange their received field scrength dara, If the
control station 5 finds the base station 2, for example, as one transmitting
the strongest signal, it rakes control and sends a handoff command message
to the current base station 1, indicaring thar a the base stacion 2 is the target
station for the handoff operation. Base station 1 relays chis command
message to the mobile stacion 10, so that che lacter knows that che base
station 2 is the next station. Mobile stacion 10 now sends a handoff
complete message to the base scation 2. Base station 2 responds to the
handoff complete message by cransmitting a connection complete message
to the control stacion 5, indicacing that a radio link is established berween
the mobile sration 10 and the base station 2. On receiving this connection
complete message, the control sration 5 commands the base stations 1 and 3
to clear their connections to the mobile starion and also directs the control
station 6 to clear the connection of the base station 4 to the mobile sration.

It is seen thac in the prior act a substantial amount of control daca is
exchanged between base srations and control stadions. This would adversely
affect the normal craffic becween base stations and conrrol stations when

handoff operations are frequendly performed. In addirion, during handoffs
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the mobile stations are required to transmir preamble sequences as a test

signal with such a strength that surrounding base stations can receive and
determine their field strengths. The transmission of such test signéls would
dissipate the battery of a mobile station and shorten the usable liferime of
the bareery.

The following is a descripcion of the present invention with the aid
of flowcharts shown in Figs. 3, 4 and 5.

In Fig. 3, prior to0 2 handoff routine, the mobile station 10 is
monicoring pilot signals sequentially transmicted from base stations 1 to 4
ont an initial frequency when ic is in communication wich the base stacion 1
to determine their field strengths (step 20). If the inidal frequency is not
the common frequency, the mobile station 10 will receive only one piloc
signal, i.c., the one from the base station 1 and determine ics field strength.
At step 21, the mobile station comdpares the field strength of the pilot signal
from the current base station with a predefined threshold level. If the level
of this field strength is not lower than the threshold level (step 22), flow
proceeds to the end of the handoff routine. If it is lower than the threshold
level, flow proceeds to step 23 to send a handoff request message to the base
station 1, conraining a list of the field strengths and the mabile's
idencification (MS) code, and waits for a command message (step 24). If
the mobile station is not cutrently using the common frequency, the list- -
contains only the field strength of che pilot signal of base station. 1.

Referring briefly o Fig. 4, each base station is monitoring signals - -
from the mobile station and the associated control station (step 30). Ifa
handoff request message is transmitted from the mobile station, the current
base station will receive it ac step 30 and proceeds to step 31 to search
through the list of field strengths contained in the received message for a
next base station appropriate for handoff. If such a base station is noc found
in the lisz (step 32), flow proceeds to step 33 to retucn a change-frequencies

command message to the requesting mobile station to wait for a second
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handoff request (step 34). This will take place when the mobile station is
not currendy using the common frequency.

Reverting to Fig. 3, the mobile station receives the change-
frequencies command message at step 24, and proceeds to step 25 to swicch
to the common frequency. At step 26, the mobile station monivors piloc
signals from base stacions 1 to 4 and determines their field strengths. Since
all the base stations use the common frequency, the mobile station receives
pilot signals from all base stations and produces a list of their field strengths.
Flow returns from step 26 to step 23 to send a second handoff request
message containing the MS code and the list of field sc'rcngchs and waits for
the next command message (step 24).

When the current base station receives the second handoff request
message at stcp.34 (Fig. 4), it proceeds to step 35 to determine a next base
station transmitting the signal whose strength is the highest of the strengths

contained in the received message. Flow proceeds to step 36 where the

. current base station returns a handoff command message o the mobile

station, containing the BS code of the next base station and 2 new channel
number. In addition, it sends a connection setup command message to the
associated control station to wait for a connection clear command message
therefrom (step 37). This connection serup message contains the MS code
of the mobile station 10, the new channel number and the BS code of dhe
next base station.

If the mobile station 10 is using the common frequency when a
handoff is attempred, the lisc of field strengths contains valid dara of all
base stations. In such instances, an appropriate base station will be found at
step 32 and flow proceeds to step 36 to return a handoff command message
to the mobile stadion. _

If a clear command message is received from the associared control

station, the current base stacion proceeds to step 38 to clear the connection

-between che mobile station 10 and the associated concrol scation, and
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cerminates ics handoff rourine.

In Fig. 3, the mobile station 10 is waiting for a command message
at step 24. This command message is the handoff command message
returning from the current base station at step 36. Mobile station 10
proceeds from step 24 to step 27 to wair a prederermined period and send a

" handoff complete message, at step 28, over the new channel specified by the
handoff command message so that the nexc base station specified by the BS
. code can receive it. Mobile stacion 10 chen terminaces its handoff routine.

Meanwhile, each control sration is monicoring signals sent from the

serving base stations to receive a connection setup message at step 50 as

" shown in Fig. 5. When the connection setup message arrives, the control
station proceeds to step 51 to return a copy of the received message to the
base station specified by the BS code conrained in the received message to
instruct it to establish a radio link to the mobile station 10 and waits for a
connection setup complete message from che specified base station (step
52). |

As illustrated in Fig. 4, the new base station specified by the BS
code receives the connection setup command message from the associated
control station (step 39) and proceeds to step 40 to establish a new
connection berween the mobile scation 10 and the control station in order to
receive the handoff complete message from che mobile station (step 41).
When the new base station receives the handoff complete message from the
mobile stacion 10, it sends a connection setup complete message to the
control station (step 42) and terminates its handoff routine.

Therefore, when the control station receives the connection setup
complete message from the new base station at step 52, it sends a
connection clear command message to che old base station (step 53) and
terminates its handoff rourine.

Therefore, when the old base station receives the connection clear

- message at step 37, it clears the connection beeween the mobile station 10
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and the control station (scep 38), and terminates its handoff routine.

Fig. 6 shows in a time sequence diagram a sequential operation of
the network in which it is assumed that the base stations 1 and 2 are old and
new base stations, respectively, and thac the mobile station 10 is using a
frequency other than the common frequency which is shared among the
base stations 1 to 4. Mobile station 10 sends a first handoff request message
when the field scrength of the pilot signal from the base station 1 drops
below the threshold level (steps 22, 23). This request message is received at
base station 1 (step 30), which fails to find an appropriate base station for

-handoff and returns a change-frequencies command message to the mobile
station (steps 31 to 33). Upon receipt of the change-frequencies command
message (step 24), the mobile station switches to the common frequency
(step 25) to determine the field strengehs of pilot signals received from all
the base stations over the commoxi_ frequency (step 26) and sends 2 second
handoff request message (step 23).

On receiving the second handoff request message (step 34), the base
stadon 1 uses the field strengths data of the received message to determine
the base station 2 as a new base station (step 35) and returns a handoff
command message to the mobile station 10 and sends a connection setup
command message to the conrrol station 5. In response, the control station
5 instruces the base stacion 2 to establish a connection o the mobile station
(steps 50, 51). Mobile station 10, on the other hand, transmirs a handoff

~complete message to the base station 2. On receiving this message, the new
base station 2 sends a connection setup complete message to the control
station 5, so thar cthe latcer directs the old base station 1 ro clear its
connection to the mobile station (steps 39 to 42). If the common frequency
is used at the moment a handoff is attempted, the inicial handofF request
message conrains field strength data of all base stations and the base station
1 determines the new base station from the received dara and issues a

handoff command message to the mobile station, thus eliminating the need
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to exchange che- change-to-frequencies command message and the second

l

handoff request message.
It is seen thac the handoff conrrol traffic berween base stations and 2

control station is significandy reduced in che present invention.
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Whar is claimed is:

1. A handoff method for a code division multiple access cellular
comraunication network, wherein a pluralicy of base stations (1 - 3) share a
first, common frequency, a first base station (1) of said plurality of base
stations has a second frequency in addition to the common frequency, said
plurality of base stations being connected to a control station (5), the
method comprising:

a) receiving, at a mobile station (10), a pilot signal from the first
base station over the second frequency when the mobile station has
established a connection thereto, and transmicting  first handoff request
message when field stzength of the pilor signal drops below a predefined
threshold;

b) receiving, ac che firsc base station, the first handoff request
méssage for rerurning a change-frequencies command message to the
mobile station;

¢) receiving, ar the mobile station, said change-frequencies
command message from the first base station for switching to the common
frequency arnd receiving pilor signals from more than one base station over
the common frequency, and transmitting a second handoff request mcssagc
containing a list of field strengths of the piloc signals; ‘ :

d) receiving, at the first base station, the second handoff request
message from the mobile station, making a search through the lisc of field
strengths conrained in the received message and returning a handoff
command message to the mobile station and a connection setup command
message to said conrrol station if a second base station (2) appropriate for
handoff is found;

¢) receiving, at che control scation, the connection setup command
message from che first base stacion for instructing che second base station co

- " L3 L) '——/—‘_—-—_——4’d‘
establish a connection to che mobile scation;
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f)  receiving, at the mobile station, the handoff command message
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from the first base sracion for instructing the second base station to transmit
a connection setup complete message to the concrol station; and

g receiving, at the concrol station, the connection setup complere
message from the second base station for instructing the first base sration to

clear the connection to che mobile station.

2. A code division multiple access cellular communication
necwork comprising:

- a control station (5);

2 plurality of base srations (1-3) connected to said control station,
wherein said plurality of base stations shate a first, common frequency, and
a first base station (1) of said pluralicy of base stations has a second
frequency in addition to the common frequency; and

a mobile station (10) for receiving a piloc signal from the first base
station (1) over the second frequency when the mobile station has
established a connection thereto, and transmitting a first handoff request
message when field strength of the pilor signal drops below a predefined
threshold,

the first base station (1) being responsive to the first handoff request
message from the mobile station for returning thereto a change-frequencies
command message,

the mobile stacion (10) receiving che change-frequencies command
message for switching to the common frequency and receiving piloc signals
from more than one base station over the common frequency, and
transmitring a second handoff request message conraining a list of fleld
strengths of the pilot signals,

the first base station being responsive to the second handoff requesc
message from the mobile station, making a search through che list of field

strengths contained in the received message and returning a handoff
) o

A
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message o said control station if a second base stacion (2) appropriate for
handoff is found,

the control station (5) being reséonsive to the connection setup
command message from the firsc base scation for instructing the second
base starion 1o establish a connection to the mobile station,

the mobile station being responsive to the handoff command
message from the first base station for transmitting a handoff complete
message 1o the second base station for instructing the second base station
(2) to transmit a connection setup complete message to the control station,

and

-the control station belng responsive to the connection setup
complete message from the second base sration for instrucring the first base

+ starion to clear the connection to the mobile stacion.

3. A handoff method for each of a plurality of base stations of a
code division mulriple access cellular communication network,

wherein the plurality of base stations (1-3) are connected w a
control station (5) and share a first, common frequency, wherein a first base
stacion (1) of said plurality of base stations has a second frequency in
addition to the common frequency, and

wherein a mobile scacion receives pilot signals over cthe second
frequency when the mobile station has escablished a connecrion to the first
base station and determines field screngths of the pilor signals and compares
che field strength of the pilot signal from che first base station wich a
predefined threshold level, and transmits a firsc handofF request message
containing a list of said field screngths to che firse base stacion when said
field strength is lower than the threshold level, and wherein the mobile
station is responsive to a change-frequencies command message for receiving

pilot signals over the common frequency co determine field strengths of the
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piloc signals and transmits a second handofF request message containing a
list of the field strengths, said mobile station further transmitting a handoff
complere message in response to a handoff command message from the
first base station, the method comprising:

a) receiving the first handoff request message over the second
frequency when each base station is funceioning as said first base station and
determining whether or not there is an appropriate base station for handoff
by using contents of the list of the received message;

b) returning said change-frequencies command message to the
mobile station if an appropriate base station is not presen;

¢) receiving the second handoff request message and determining
whether or not there is an appropriare base station for handoff by using
concents of the list of the received message;

d) rerurning said handoff command message 'to the mobile station
and transmitting 2 connection setup command message to the control
station if an appropriate base station is present, and idenrifying the
appropriate base sration as a second base station;

e) receiving a connecrion clear command message which is sent
from the control station in response to a connection setup complece message
from the second base station and clearing the connection berween the first
base sration and the mobile station; and :

f)  receiving a connecrion setup command message from the
control station when each base scarion is funcrioning as said second base
station, establishing a connecrion between the second base stacion and the
mobile station and receiving the handoff complete message from the mobile

station for instructing the control station to transmir said connection clear

command message to the first base stacion.
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