
- 1 -

THIS SHt:ET HAS BEEN , 

'-====:==:RE:P~L~A;C~ED~=::J/ 

TIUE OF THE INVENTION 

"Low Traffic Handoff Mechod for CDMA Cdlular Network Using 

Different Frequencies Among Base $cations" 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates co cellular communication 

networks, and more specifically to a handoff method for code division 

multiple access (CDMA) cdlular communicatlon networks when ·a mobile 

station is communicating with a first base station using a frequency which is 

different from the frequency of a second- base station. 

Descripcion of the Related Arc 

Japanese Laid-Open Patent Specification Hei-8-149551 discloses a 

handoff technique for a CDMA cellular communicacion system which 

addresses a problem associated with a mobile station making a handoff 

attempt from a first base station co a second base station whose frequency is 

different from the frequency of the first base station. However, this prior 

art rcquues a high volume of control daca co' be exchanged between the base 

stations and a control stacion. If handoffs occur frequently, high-speed 

transmission media would be required between the base stations and the 

control scacion co prevent the control traffic from adversdy affeccing normal 

communication traffic. In addition, during handoffs the mobile stations are 
required to rransmic preamble sequences as a test signal wich such a screngrh 

chat surrounding base stacions can receive and determine their· field 

strengths. The transmission of such rest signals would dissipate the battery 

of a mobile station and shorten che usable lifetime of che bacrery. 

SUMMARY OF THE INVENTION 

It is therefore an object of the presenc invention co provide a handoff 

method for a CDMA cdlular communication network which prevem:s 

handoff operations from adversely affecting normal communication traffic. 

According co the present invention, there is provided a handoff 
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method for a code division mulciple access cellular communicacion network, 

wherein a plurality of base stations arc connected co a control scation and 

share a first, common frequency and wherein a firsc base station has a 

second frequency in addition co the common frequency. According to the 

handoff method of chis 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 transmics a first handoff request message when 

the field strength of the pilot signal drops below a predefined threshold. 

The first base statlon receives the first handoff request message and returns a 

change-frequencies command message co the mobile station. The mobile 

station responds to the change-frequencies command message from the first 

base station for switching co the common frequency and receives pilot 

signals from more than one base Station over the common frequency, and 

transmits a second handoff request message containing a list of field 

strengths of the pilot signals. The first. base station> on receiving the second 

handoff request message from che mobile station, makes a search through 

the lisc of field strengths contained in the received message and returns a 

handoff command message co the mobile station and a connection setup 

command message to the concrol station if a second base station appropriate 

for handoff is found. The control station responds to the connection setup 

command message from the first base station for instructing the second: · 

base station co establish a connection co the mobile scation. The mobile 

.station responds to the handoff command message from the first base 

station for instructing, the second base scacion co transmit a connecri.on setup 

complete message to the control station, which responds to it. by instructing 

the first base station to clear the connection co che mobile station. 

BRIEF DESCRIPTION. OF THE ORAWINyS 

The present invention will be described in further detail with 

reference co the accompanying drawings, in which: 

Fig. 1 is a block diagram of a CDMA cellular mobile 

1iliiiiiilifii 



This Sheet Has Been Replaced 

· . I\\\\\\\ l\\I\ ml\\\\\\\ 
-3-

communication network of chc: invention; 

THIS SHEET HAS BEEN 1 
REPLACED 

'-'==================;::::::· 

Fig. 2 is a time sequence diagram of a prior art handoff procedure 

that occurs when different frequencies are used between base stations; 

F.ig. 3 is a flowchart of the handoff operation of a mobile scadon; 

Fig. 4 is a flowcb.art of the handoff operation of a base station; 

Fig. 5 is a flowchart of the handoff operation of a control scacion; 

·and 

Fig. 6 is a time sequence diagram of the handoff procedure of rhe 

present invention. 

DETAILED DESCRIPTION 

Referring to Fig. l, a CO.MA. (code-division multiple access) 

cellular mobile communication network ·of the present invention is 

schematically illusuaccd. Base Stations l to 4 are provided) of which base 

sracions. l to 3 arc connected. by land-lines to a control station 5 and base 

station 4 is connected ro another conrrol station 6. Both control stations are 

connected to a public switched telephone network 7. They are also 

incerconnected by a dedicated communication link B for communication 

during handoff. 

It is assumed chac the base scation 1 covers a thickly populated area 

in comparison with che ocher base stations, and so it is assigned two 

frequencies, one of which is a common frequency shared with the other base 

stations which are assigned the common frequency only. 

Wireless communication may proceed becween a mobile starion 10 

and the base stations when the mobile station moves around and produces a 

sicuacion appropriate for handoff. Mobile station l 0 is constantly measuring 

the field strengths of pilot signals cransmitted from the surrounding base 

stations to produce a list of field strengths. These pilot signals are 

transmitted ac regular intervals on each of the assigned frequencies at 

mutually exclusive times so char the piloc signals of each frequency do not 

overlap wich each other. Each piloc signal contains the idencificacion 
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number of the transmitting base station and system daca. When the mobile 

station I 0 establishes a communication, it searches through the list of fidd 

strengths and decermines the base scacion 11 for example1 as it is sending the 

strongest signal and receives system daca from the pilot signal of this base 

station. By using che system data, the mobile stacion 10 synchronizes itself 

. to a specified frequency and a specified CDMA channel and begins 

communication with che base station 1 over the synchronized chant~.el. 

Mobile statlon 10 formulates a handoff request message with rhe field 

strengths data along with the mobile's idenci.6.cacion number when the field 

scrength of a pilot signal from the currently communicating base station 

drops below a predefined threshold 1~1 and transmits the handoff request 

message to the current base station. 

If chc 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 this case, the handoff procedure is between diffcrenc frequencies. 

Before proceeding wich che detailed description of the present 

invention, it 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 rime sequence diagram shownin Fig. 2. 

When the field strength of the pilot signal from chis base station: 

drops bdow the threshold level, the mobile station 10 transmits a handoff 

.. request message to the base station 1, which hands it over co the control 

station 5. Concrol station S analyzes che field strengths data of che mobile 

station and finds no appropriate base station for handoff since che frequency 

used by the base stations ocher than the base scacion 10 is chc common 

frequency different from che current f~equcncy of the mobile station 10. 

Control station 5 rhen returns a handoff response to the base station 1 to 

cause it to instruet the mobile station l 0 to recurn 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, che control 

station 5 transmits a connection setup command message to t:he base 

stations i and 3 to cause them to escablish radio links to rhe m-obile station 

l 0. At the same cime, the concrol station 5 sends a handoff indication 

signal to the control station 6 to send a connection setup command message 

to the base.station 4. 

In response co 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 containing ics identification number and a 

preamble sequence. All base stations receive the second handoff request 

message. Each base station measures che field srrengch of the respective 

preamble sequence and rransmics it to the associated control station. 

Control Stations 5 and 6 exchange cheir received field strength data. If t:he 

control station 5 finds the base station 2, for example,' as one transmitting 

the strongest signal, it takes control and sends a handoff command message 

to the current base scadon 1, indicating that a the base station 2 is che target 

scacion for the handoff operation. Base sradon I relays rhis command 

message to the mobile station l 0, so chac che latter knows that the base 

station 2 is the next station. Mobile station l 0 now sends a handoff 

complete message co the base scatlon 2. Base station 2 responds to the 

handoff complete messag·e by cransmicting a connection· complete mess:age 

to the control station 5, indicacing that a radio link is esrablished between 

the mobile station l 0 and the base station 2. On receiving rhis connection 

complete message~ the control station 5 commands the base stations 1 and 3 

to clear their connections co the mobile station and also directs che control 

station 6 ro clear che conneccion of che base station 4 to the mobile station. 

Ic is seen chac in the pd.or art a substantial amounc of control daca is 

exchanged between base stations and control stations. This would adversely 

affect che normal traffic between base sracions and conrrol sracions when 

handoff operaclons are frequently performed. In addirion, during handoffs 
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che mobile stations are required co transmit preamble sequences as a test: 

signal wich such a strength that surrounding base stations can receive and 

determine their field strengths. The transmission of such cesc signals would 

dissipate the batcccy of a mobile scatlon and shorten the usable lifetime of 

the battery. 

The following is a descripcion of the present invention wich the aid 

of flowcharts shown in Figs. 3, 4 and S. 

In Fig. 3, prior co a handoff routine, che mobile station 10 is 

mon.icorlng pilot signals sequentially tranSmicted from base stations 1 to 4 
ort an initial frequency when ir is in communication wich chc: base station 1 

to determine their field strengths (step 20). If the initial frequency is not 
• 

the: common frequency, che mobil~ station l 0 will receive only one pilot 

signal, i.c.J the one from the base station l and determine its fidd strength. 

Ac seep 21, the mobile station conipa.res 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 co the end of the handoff routine. If it is lower than the threshold 

level, flow proceeds to seep 23 to send a handoff request message ro the base 

s~on 1, containing a list of the field Strengths and the mobile's 

identification (MS) code, and waits for a command message (seep 24). If 

the mobile station is not currendy using the common frequency, the list: · 

conralns only the field strength of che pile t signal of base station 1. 

Referring briefly co Fig. 4, each base scadon is monitoring signals 

from the mobile scation and the associated control station (seep 30). If a 

handoff request message~ transmitted from the mobile station, the current 

base station will receive it ac seep 30 and proceeds co seep 31 to search 

through the list of field strengths con rained in the received message for a 

next base station appropriate for handoff. If such a base station is noc found 

in rhe list (seep 32), flow proceeds to step 33 to return a change-frequencies 

command message co rhe requesting mobile sration co wait for a second 
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handoff request (step 34). This will take place when rhc mobile stadon is · 

noc currently using rhe common frequency. 

Reverting to Fig. 3) the mobile station receives the change­

frequencies command message at step 24, and proceeds to step 25 to switch 

to the common frequency. Ac step 26, the mobile station monitors pilot 

signals from base stations l co 4 and determines their fldd 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 seep 26 to step 23 to send a second handoff requesc 
I 

message containing the MS code and the list of field screngchs and waits for 

the next command m~sage (seep 24). 

When t;he current base station receives the second handoff request 

message at step 34 (Fig. 4). it pcoceeds to step 35 to determine a next base 

station transmitting the signal whose screngrh is the highest of che strengths 

contained in the received message. Flow proceeds ro seep 36 where the 

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

station, containing the BS code of rhc next base stacion and a new channel 

number. In addition, it sends a connection setup command message to the 

associated control station co wait for a connection clear command message 

therefrom (step 37). This connection serup message contains the MS code 

of the mobile sracion 10, the new channel number and rhe BS code of die 

next base station. 

If the mobile station 10 is using the common frequency when a 

handoff is arrempred, the lisc of field screngchs contains valid data of all 

base stations. In such instances, an appropriate base scation will be found at 

seep 32 and flow proceeds co seep 36 co return a handoff command message 

ro the mobile station. 

If a clear command message is received from the associated concrol 

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

·between che mobile station 10 and the associated control station. and 



B R!eplaced 

l\i i\11i1\11\\1 

terminates lcs handoff roucine. 

-8-

THIS SHEET HAS BEEN ' 
REPLACED 

In Fig. 3, the mobile station l 0 is waiting for a command message 

at step 24. This command message is che handoff command message 

returning from the cu.rrenc base scation ac seep 36. Mobile scation 10 

proceeds from seep 24 co seep 27 to wale a predecermined period and send a 

· handoff complece message, ac seep 28, over che new channel specified by the 

handoff command message so that the next base station specified by the BS 

code can receive it. Mobile station 10 then terminates its handoff routine. 

Meanwhile, each control sration is monitoring signals sent from the 

serving base stations ro receive a connection serup message ac step 50 as 

shown i.n Fig. 5. When the connection secup message arrives, the control 

station proceeds to seep 51 co return a copy of the received message to the 

base station specified by the BS code contained in chc received message to 

instruct it to establish a radio link to the mobile statlon I 0 and waits for a 

connection setup complete message from the 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 (seep 39) and proceeds co seep 40 to establish a new 

connection between the mobile station 10 and the control station in order to 

receive che hando.ff complete message from che mobile station (step 41): 

When the new base station receives the handoff complete message from the 

µiobile Stacion 10, it sends a connection setup complete message to the 

control station (step 42) and cerminates ics handoff routine. 

Therefore, when the control scacion receives the connection secup 

complete message from the new base scacion at step 52, it sends a 

connection clear command message to _che old base scacion (step 53) and 

terminates its handoff routine. 

Therefore, when the old base station receives the connection clear 

message at seep 37, it clears the conneccion becween the mobile station 10 
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and the control station (seep 38)~ and terminates ics handoff routine. 

Fig. 6 shows in a rime sequence diagram a sequential operation of 

the network in which ic is assumed thac the base scacions 1 and 2 are old and 

new base stations, respectively, and thac the mobile sraclon l 0 is using a 

frequency other than the common frequency which is shared among the 

base stations l to 4. Mobile station l 0 sends a. first handoff .request mes.sage 

when che field strength of the pilot signal from the base station 1 drops 

below the threshold level (seeps 22. 23). This request message is received at 

base station 1 (step 30), which f.ills co find an appropriate base sration for 

-handoff and returns a change-frequencies command message to the mobile 

Station (seeps 31 co 33). Upon receipt of the change-frequencies command 

message (seep 24), the mobile station switches co the common frequency 

{step 25) to decei:mine the field screngths of pilot signals received from all 

the base stations over the common frequency (step 26) and sends a second 

handoff request: message (seep 23). 

On receiving the second hando.ff request message (step 34). the base 

scacion 1 uses the fidd strengths daca of the received message to determine 

ch~ base station 2 as a new base station (step 35) and returns a handoff 

command message to the mobile station l 0 and sends a connection setup 

command message to the com:.col scation 5. In response. che control station 

5 inscruccs the base ·scadon 2 co establish a connection to the mobile statib~ 

(steps 50. 51). Mobile scacion IO. on the ocher hand, trans.mies a handoff 

complete message to the base station 2. On rec~iving chis message. the new 

base station 2 sends a connection setup complete message co che control 

station 5. so thac che laccer directs che old base station l ro clear its 

connection to the mobile station (steps 39 co 42). If the common frequency 

is used at rhe momen.c a handoff is attempted, the initial ha.ndoff request 

message contains field strength data of all base stations and the base station 

1 determines the new base sr.at:ion from the received dai:a and issues a 

handoff command message co che mobile srarion, chus eliminating the need 
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to exchange the- change-co-frequencies command message and the second 

handoff requesc message. 

Ic is seen thac the handoff control traffic between base stations and a 

control station is significantly reduced in che present invention. 
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- What is claimed is: 

I. A handoff method for a code division mulciple access cellular 

communication network, wherein a plural.icy of base stations (1 - 3) share a 

first, common frequency, a first base station (1) of said plurality of base 

stations has a second frcquenc:.y 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 connectlon thereto, -and transmitting a first handoff request 

message when field sttength of the piloc signal drops below a predefined 

threshold; 

b) receiving, at the first base station, the first handoff request 

message for returning a change-frequencies command message to the 

mobile station; 

c) receiving, at the mobile station, said change-frequencies 

command message from the first base scation for switching to the common 

frequency arid receiving pilot signals from mo.re than one base station over 

the common frequency, and transmitting a second handoff request message 

containing a list of field strengths of che pilot signals; 

d) receiving, at the first base scation, che second handoff request 

:lilessagc: from the mobile sraclon, making a search through the lisc of field 

strengths concained in the received message and rccurning a handoff 

command message to the mobile station and a connection setup command 

message to said control station if a second base station (2) appropriate for 

handoff is found; 

e) .receiving, at the control scation, the connection setup command 

message from che first base station for inscruccing die second base scacion co 
escablish a connection to che mobile scadon; 

.. -· 
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f) receiving, at che mobile station, the handoff command message 
from the fuse base scacion for instructing che second base station to transmit 
a connection setup complece message co the conrrol station; and 

g) receiving, at chc control scation, the connection setup complete 

message from the second base scacion for instructing the first base scation to 

clear che connection to chc mobile scacion. 

2. A code division multiple access cellular communication 

network comprising: 

a control station (5); 

a plurality of base stations (1-3) conneeted co sald control station, 

wherein said plurality of base stations sha.ce a fuse, common frequency, and 
a first base station (1) of said plurality of base scations has a second 

frequency in addition co the common frequency. and 

a mobile scatlon (l 0) for receiving a pilot signal from cb.e 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 pilot signal drops below a predefined 
threshold. 

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

the mobile scacion (10) receiving che change-frequencies command 

message for switching to the common frequency and receiving pilot signals 
from more than one base station over the common frequency. and 
transmitting a second handoff request message concaining a list of field 
strengths of the pilot signals, 

the first base scation being responsive to che second handoff request 
message from che mobile station, making a search chrough che list of field 
scrcngchs contained in the received message and returning a handoff · 

~~-~~~~~~ 
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command message co me mobile station and a conneccion setup command 

message to said com:rol scacion if a second base scacion (2) appropriate for 

handoff Is found, 
-

the control scation (5) being responsive co the connection secup 

command message from the firsc base station for inscrucdng the second 

base station to establish a connection to the mobile station, 

che mobile station being responsive to the handoff command 

message from the first base station for transmitting a handoff complete 

message to the second base scacion for instructing che second base station 

{2) to ttansmit a connection setup complete message to the control station, 

and 

·the concrol scation being responsive to the connection setup 

ccimpletc message from the second base station for instructing the first base 

· station co dear the connection to the mobile stacion. 

3. A handoff memod for each of a plurality of base stations of a 

code division multiple access cellular communication network, 

wherein the plurality of base stations (1-3) are connected co 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 che second 

frequency when the mobile scacion has escablished a connect.ion ro the first 

base station and determines field strengths of the pilot signals and compares 

che field strength of the pilot signal from che first base sca~ion with a 

predefined threshold level, and transmics· a first handoff request message 

containing a· list of said fidd screngchs co che first base stacion when said 

field strength is lower than che threshold level, and wherein che mobile 

station is responsive to a change-frequencies command message fo.r receiving 

pilot signals over me common frequency co determine field strengths of r.he 
-------~·-------
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piloc signals and transmits a second handoff request message containing a 

list of che field strengths, said mobile station further transmitting a handoff 

complete message in response to a handoff command message from the 

first base station, the method comprising: 

a) receiving the first hando.ff request message over the second 

frequency when each base station is functioning 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 present; 

c) receiving the second handoff request message and determining 

whether or not there is an appropriate base station for ¥ndoffby using 

contents of the list of the received message; 

d) returning said hand off command message 'co the mobile. station 

and transmictlng a connection setup command message to the control 

sea.don if an appropriate base station is present, and identifying the 

appropriace base station as a second base station; 

e) receiving a connectlon clear command message which is sent 

from the control station in response co a connection setup complece message 

from the second base station and clearing the connection berween the first 

base station and the mobile station; and 

.f} receiving a connection setup command message from che 

control station when each base scacion is functioning as said second base 

scation, establishing a connection between che second base scacion and the 

mobile sra.cion and receiving che handoff complete message from che mobile 

sea.don for inscruccing the control scadon to transmit said connccrion clear 

command message co the first base station. 


