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'rSitMI.NAL ASS'ISTED KANDOFF MOBILE COHMUN'I.CA'?I:ON S'YS!?EM 

IN WHICH IMPROVEMENT IS CAIUUEO OUT AS B.BGA'.BDS 

A HANDOFF SYS'rEM 

B~ck;grgpnd gf the Xnyention; 

~e present invention relates to a mcbi1e 

cODlll'Unication system and, in particul.a~, to • te:cminal 

assisted handoff mobile communication system in which a 

hando£f is xequested from a ll!Obile terminal to a host 

station. 

In a mobile communication system, such as a cellular 

system, a base station %&dio device or a radi.o base sta't.1on 

is arranqed i.n each of radio zones. upon reaching a 

bounda:y between the radio zones, a te~1 eetabl.ishing 

communieat.f.on with a base station radi.o devic:e unde: the 

beat propagation condition starts communication vith a new 

base station radio device for keeping coJllJllUlli.cation. This 

runction 1s cal.led hand.off o: hand-over. 

rn a c:ode division :multipl.e access (c:I»4) cel.lular 

system, radio zones are identified usinq different 

· spreading codas, respec~i vely. Accordingly, it is not 

necessary to allocate clif£ere.nt frequencies to the 

z:espective radio zones as reqUired in a i"requency divis.icn 

multiple access (FJ»f.A) cellular system or a tima division 

multipl.e access (TOMA) ce.llular system. That is, t:ha same 

frequency can }:)e allocated to base station radio devices 

( lii~iirir 
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e:crcmged in the respeeti ve radio zonea . Acco=-di.ngl.y, in 

the CDMA C::e.ll.ul.ar syscem, upon .reaehi.ng a boundary between 

the radio zones, a te%mina.l in communication with a oertain 

baae sta~on radio device can al.so si.multaneoua~y 

CO'lldltmicate with one· or more baee station radio devices in 

the adjacent radio zones . '?bus, a continuo11s or non-hit 

handoff can be achieved. The handof~ of this type is 

called a soft handoff, wherein a te%Jllinal shifts f:z:ma a 

curxent: radio zone to an adjacent radio zone using the same 

fJ:eql.lency. 

Fig. 6 schematically shows a suucture of a 

conventional terainal assisted handcff CDMA cellular system. 

~e shown ce11ulal' system. includes a base station 

cont.rollei: (host station) 12 and bue station radi.o device& 

lOa, lOb connected. thereto. ror example, a texminal 11 

eo.11111Dmicatinq with the radio device 10b on a tra.ff'ic 

chann•l. of' a spreading coda b1 x b2 nceives a pilot 

channel of a spJ:eading code al tranSJJlitted .from the radio 

device lOa covering an adjacent radio .zone and constantly 

measures a J:eception 1eval thereof. I£ the mea~ed 

reO!pt1on level exceeds a preset th:eahoid value, the 

tezmi.na.l 11 determines that it has entei:ed. a aof't handoft' 

radio zone and transmits a soft handoff start-up i:equest 

signal carrying identification data of the radio device lOa 

to the radio device lOh now in comzm.mication., usinq the 

tJ;affi.c channel of the spreading code bl x b2. 

P11ot channeis tran.smitU!d from. the base station 

radio devices 10a, 10b are spread by different spreading 
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codes, such as a1 and bl, for identification of the radio 

zones. In the rs-95-A, the spreading codas al and bl are 

PN (pseudorandom noise) code sequences, and spreading codes 

which diffar p~ radio 2.one are all.ocated to the respective 

base station radio devices 1:>y time offDet. 

'the base station controllei: 12 receives the sta.rt-~p 

request signal. f'rom the teminal l.1 via the base station 

radio device lOb now in ccimraunication. 'l'hen, the base 

station cont:o1ler 12 transmits a soft.bandoff start-up 

_ signal to the base station radio davice lOa represented by 

the ident~~ication data carried on the sta::t-up r~quest 

si.gnal. 'tJl?Or>. xeception of the start-up sign.al, the radio 

device lOa starts comsmmication with the terminal. 11. 

Silaultaneous1y, the base station controller 12 tranamit:s. a 

soft ban.do££ command signal to the tendnal. l.1 via tha 

radio device lOb tor notificati~n of a spreading code 

al x a2 to ba used en a traffic channe1 of the :adio device 

lOa. U»on reception of the soft handoff command signal, 

the terminal 11 recognizes 'tbe new sp.raading code 

a1 x a2 and starts cOJ11JD11n;cation with the radio device lOa 

\fhil.e communicating with the :adio device 10b, so as to 

shift to the radio zone of the radio device lOa. 

As described above, a terminal. .in communic:aticn. 

111.easures a reception level of a pi1ot channel txansmi tted 

from a base station ;radio device in an adjacent radio zone 

and, i.~ the reception level. exceeds a threshol.d value, the 

terminal requests the start-up of a soft handoff to an 

adjacent base station control1er via a base station radio 
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dev.ice now .in communication. The hando!'f system of this 

type i$ called a termina1 assisted handof~ system, which 

can •educe the throughput 0£ a dev-ioe provided in ~ base 

station ~adio device for receiving a signal from a teJ:minai 

and the throughput of a base station controller. 

Fig. 7 i.s a block diag:-am showing in detail. a 

structure of the tei:minal in the conventional tel:ll\i.nai 

assisted hand.off CDMA. cellular system. TbQ terroinal 11 

comprises an antenna 16, a receive: 17, a. transmitter 23, a 

::alee receivinq section 15, a decodet: 19, a reception level. 

measu:ring section 21, an encoder 22 and a controller 20. 

A signal received through t:ha antenna 16 is c::onvei:tad 

into a baseband signal at the :eceiver 1.7 and then inputted 

t.o the raJce recei vinq section 15. ~. terminal; 11 includes 

only one .t:eceiver 17 for reduction in weight: and size. 

However, if a fre<illeney of an adjacent rad~o zone is the 

same as that of a radio zone now in communication, the 

tez:m.inal 11, while keeping the commutl~cation, can recei'V'9 a 

pilot channe1 of the adjacent radio :one and measure a 

recepti.on level. thereof. 

'rhe ~aka receiving section 15 compiises a plura.l.°ity 

of co~relato~s 131 to 13n (n is an integer ftot 1ess than 2) . 

In the correlators 131 to 130 , spreadi'Qq codes of 11.utually 

different delay timas are se~ fo% e£ficie~t reception of 

signals coming through various propagation paths as in 

:multipath fading peculiar to the cellu1u system­

Specifically, in the corre1acors 131 to l3n-11 spreading 

codes used in a basQ station radio device now in 

l 
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communication are set.£0: ~eceiving signals ~rom that basa 

station radio device. On the othe: hand, in the corxeia~or 

13n, spreadinq codes used for pilot channels of base 

statj.on radio devices covering adjacent radio zones are set. 

The baseband signal inputted to the rake receivinq 

section 15 is subjected to eorre1ative demodulation at each 

of the oo~relato~s 131 to 13n-l, then combined and decoded 

at the decoder 19, and sent to the contro1le.r 20. On tne 

other hand, in the correlator 13n, the pilot channal$ of 

~ adjacent radio =ones a:e SUl)jected to correlative 

demodu1at:ion. ~e reception level zaeasurinc; section 21 

derives reception levels of the pilot channels of the 

adjacent radio zones based on result$ of the correlative 

demodulation at the correlator l3n and feeds them. to the 

con.t:rol1e:c 20. 

'?he controller 20 stores a p~eaet threshold value for 

the start-up of a soft ~doff' and compares the reception 

levels 0£ the pilot channels of the adjacent ~adio zones 

receivad from t:he xeoeption level measurin~ sQction 21 with 

the preset th:eshold value. Xf the recept~on leve1 exceads 

tha thre~hold value, the controller 20 produces a so~t 

bandof:t :wta::t-up xequest signa1 ca&ry.ing identification 

data of the base station radio device transmitting that 

pilot cha:nnel and t:ansmit• it to the base station radio 

device now in communication. The base station eontroller 

receives the sta~t-up request signal via the base station 

•aclio device now in c:oJMWnic;:aei.on and ~Cilnsmit.S a. so~t 

handoff start-up signal to the base station radio device 



-·· -..--.-~ 

rep~asented by the identification data. '?hen, the soft 

hand.off is carr1ed cut and.communication between the 

te.rmi.nal and the base station ~adio device covering the 

adjacene radio zone is started. 

!'iq. 8 schematically shows a radio·:tone structure in 

the conventiona1 termina1 assisted handoff CDMA cellular 

system.. 'rhe shown radio zone struetU%e includes a 

pl.u::r:ali ty of adjacent :adio zones A, a and c. T'he radio 

zone A is provided 1'ith a cel.l 241 using a frequency £i, 

the radio zone :S is provided with a cell 251 using the 

fraqu.ancy £1 and a cell 2S:m uoing a frequency fm, and the 

x:ad.io zone c 1s p.t:ovided with a cell 261 usinq the 

f%:equency f 1 and a cell 2 6m using the fI:"equency fm. The 

cel1s 241, 251 and 261 of the ~~d:Lo zones A-c are adjacent 

to each other, and the cells 25z and 26m. of the radio zones 

B and c aze adjacent to each other. 'rhe cell. iJSin9 the 

:frequency fm. exists in each of the .radio zones B and c, 

while it does not exist in the radio zone A. Th.is is 

caused by dif'terence in scale between the respective base 

station radio devices. 

In the foregoing radio zone structure, tbe handoff .is 

carried out without any problem wbe.n, for example, a 

te:mina1 111 starting communication with the ce11 25m 

shifts to the cel.l 26m of the radio zone C, o.r a- texminal 

112 start;ing coDmlUilication with the cell 251 shift3 to the 

cell 241 of the radio zone A or to the ceil 261 of the 

radio zor.e c. 
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As described ~efore, since the term.ina1 ll 

incorporates on1y one ~eceiver 17, it can not conver~ a 

differene frequency signal into a baseband signal durinq 

communic:a tion. Accordinqly, if a frequency of a pilot 

channel. of an adjacent radio :tone for which the terxn.inal 11 

is headed (here.inafter, this radio zone will also be 

raferrod to as "headed %aclio zone") differs from a 

frequency now in use, the te.D'D.inal 11 can not receive the 

pilot channel of the headed radio zone. For example, it is 

aasumed that the ~erminal 111 starting communication with 

the cell 2Sm at the frequency .flll shift.a to the radio zone A. 

Xn this case, since there is no ce11 usinq the same 

fJ:equen~ £m in the. headed .radio zone A, the tez:minal. 111 

can net receive a pilot channel of the headed radio ~one A. 

Specifically, since the tel:minal 111 can not receive a 

pilot channel of the cell 241 at the frequency f 1 in this 

case, it can not even car.ry out a hand.off while changing 

the f~equency. Accordingly, in the tenninal assisted 

bandoff system. of the IS-95-A, when the te•minal 11 moires 

to a radio zone where a frequency now in use can not t>e 

used, the handoff can not be achieved to cause 

disconnection in comaunication. "lb• foregoing handof'f to 

be carried out while changing a frequency is call.ed a. hard 

hando~f, 

~pmg:.c;y of the Invention: 

It is the.refo.re an object of the present invention to 

provide a terminal assisted hand.of~ mobiie collUllunication 

system which is capab1e of s1110othly ca:::-rying out a handof£ 
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even when a teruU.nai moves to a radio zone where a 

~requ.enc:y new in u:sa can not J:)e used. 

Other objects of the p:esent invention will become 

clea.i: as the descr~ption proceeds. 

According to one aspect of the present. invention, 

there is ~rovided a £ixed facility for a mobile 

communication system including a mobile terminal. Tb.e 

fixed ~aci1ity covers a fi:st and a second radio zone vhich 

a.re assigned v.ith a fi.:=st and a second radio frequency, 

:espectively. The aol>il.e tenU.nal is communicable "ith th& 

f'ix•d faciJ.i.ty by the use of, as a current radi.o frequency, 

one of the fi~st and the second radio frequencies and is 

capable of producing a request signal representative of 

:request cf a hand.off in which the mobile ta.::minal .is 
I • 

communicable with the fized facility by the use of another 

of the £irst and the second radio f%equencies at a boundal:y 

area between the fi:st and the second radio zones. ThQ 

fixed taci1ity co.mprisea judging means responsive to the 

request signal for judging whether or no~ the second radio 

b;equency i.s usable by the .llllOb.i.le terJU.naJ.. 'l"he judging 

means produces a judqem.en.t result. 'J!he fixed fac:ili~y 

fw:ther C01l'PZ:i$eS signal tranSlllitting means connected tc 

the judging means £or transmitting a command signal tolfa.Cds 

the JllQbj.l.e te::m.inal. through the current radio f:equoncy in 

response to the judg~m.ent result. The command signal 

relates t.o 1:he handoff. 

According to another aspect of the present inventicn, 

there is provided a termi.na1 assisted hando~f mobile 
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conimunication system which includes a host station, a 

plurality 0£ ~adio base stations connected to the host 

station, and a mobile terminal, each of the radio base 

stations covering a corresponding radio zone including a 

p1urality of c:ells of mutually different frequencies, the 

mobile terminal communicatinq vith one of the radio base 

sT:ations at a ~irse frequency requests eo the host station, 

based on measured reception levels of pilot channels 

transmitted ~rom the adjacent radio base stations at the 

first frequency, start-up of a soft handoff to another of 

the radio base stations. The system further com.prises a 

pilot channel transmitting means provided in at least one 

of the adjacent radio base stations, the at least one of 

tha adjacent radio base stations not having a cell of the 

first frequency which exiats in the i:aclio zone of each of 

t:he other adjac:ant ~adi.o base stations, tha pilot channel 

transmitting maans constantly transmits a pilot chaDnel 

using the f i:z:st frequency. The system. fw::th.ar comprises a 

determining :means £or, when the mobile terminal 

consrun;catinc; w.ith the cne of the radio base stations at 

the first frequency receives the pilot channel f:i:om the 

pilot channel transmitting means and. requests to the host 

station sta~t-up cf a soft bandoff to the radio base 

station transmitting the received pilot channel, 

determining that the cell of the first frequency does not 

exist in the radio base station transmitting the •eceived 

pilot channel, and a command eigna.l transmite.ing '111.eans 

connected to the dete:cmining means for, in response to a 
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dete~:m.ination result ~rom the deeox~ning means, 

transmitting a ha.rd hand.off command signal coauuancling 

execution of a hax-d handofx to the mobile teu:mina1 using 

the first frequency-being used in communicatio~. 

According to still another aspect of the presenc 

invent.i.on, there :is pz;-ovided a te:oninal. assisted hand.off 

mobi.le cC>JmllWU.oation system. 'lrlhich includes a host. station, 

a p1urality of m.u.tually adjacent radio basa stations 

conn"etod to the host station, and a mobile tel:lldnal, each 

of _the ~adio base stations covering a corresponding radio 

zone including a plu:ality of cells of mutua1ly different 

frequencies, the mobile te%m.inal communicating with one of 

the radio base stationg at a first f~quency ~equests to 

the host $t&tion, based on measured reception levels of 

pilot channels t1:ansmi:tted from the' adjacent .radio .base 

stations at the first f:equency, &~:t-up o~ a soft handoff 

to another 0£ the radio bas• stations. 'the system. further 

comprises a reception level racei v1ng means for receiv_ing 

the ~ec:eptiOR 1evela 0£ the pilot chann.ela from the aocile 

te:minal, comparing mean3 connected to 1:he reception level 

i:eceiYi.ng means :for compa.i:ing the :reception l.evels received 

at the roception 1eval receiving means With a preset 

threshold value, and a command signal t:.ranamitti.ng means 

oonnecte<l to the compa•ing means and responsive to a 

comparison result fr?m the comparing mean9 ~or transmitting 

a first command s~gnal commanding ex:ec:u.tl.on of a soft 

handoft to the mobile terminal usinq the first frequency 

~eing used in communication when there exists the radio 



I 

=-==-- .. · ... - ~===-

iliii~i 
11 

zone, other than the radio zone of the radio base station 

in communication with the Mobile terminal, which shows the 

reception level greater than the preset threshold value, 

and for a:ans.mi.tting a second command signal commanding 

execution of a ha.:::d handoff to the mobile tel:minal using 

the first frequency being used i~ commun..ica-e.ion when ·there 

exists no radio zone showing the reception level greater 

than. the preset threshold value. 

'B;ief d.escription o& the Drying: 

Fig. 1 is a block diagram showing a s~cture 0£ a 

tel:Jl\i.nal assisted handoff CDMA eallular system according to 

a fi:st preferred elllbodiment of the present invention; 

Fig. 2 is a d.ia~am schematically showing structures 

of z:adio zone9 covered by base station radio devices shown 

in Fig. 1, respectively; 

Fig. 3 is a block d.ia9x:aJ1L showing a stxuctur9 of a 

terminal assisted handof~ CD!m. ca1lular systea aoco~ding to 

a second preferred embodiment o£ the p=esent invention; 

i'iq. 4 i.s a diagra:m. sc:hematical.l.y showing radio i:.on.~s, 

seen f~om above, covered by base station radio devices 

shown in Fig. 3, respectively; 

Fig. 5 is a flowcha:t ahowinq an operation of the 

cel1u1ar system according to the second preferred 

embodiment 0£ the preeent invention; 

Fig. 6 is a di~ram .schematically showing a stnicture 

of a convafttional terminal assisted. handoff CCMA cellular 

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

at:Ucture of a tsu::minai in the conventionai terminal. 

assisted handoff COMA. cellular systea; and 

Fiq. 8 is a diag:am. schetu.tically shoving a radio 

zone stJ:Ucture in the conventional terminal assisted 

hando£f CDMA cellular systeJU. 

Now, pre:fe.rred embodimen.ts of the pre:sene invention 

will. be desc:ibed here1nbelow with :eference to the 

accompanying drawings. 

Fig. l is a block diagram. showing a s txucture of a 

terminal assisted handoff CDMA cellular system accordi~g to 

the fi~st prefer:ed embodiment 0£ the p%esent invention. 
i 

l'iq. 2 .is a diag:am schematically showing st.:uctures of 

radio zones covered by base station radio devices shown in 

Fig. 1, .respectivel.y. Si.nee the cel.lular system in this 

embodiment uses the known te%'minal ll aa it is, the 

follow1nq description will. also refer to the structure of 

the terminal 11 shown in Fig. 7. 

As 9hown in Fig. 1, base station radio devices 2Sa, 

28b as radio base stations are connected.to a base seation 

contro11er 12 as a host station. A radio zone A covered by 

the base station radio deviQe 29a is provided with cells 

41i to 41n using f.requencies f1 to fn, re~pectively. A 

radio zonQ B covex:ed by t.he base station radio device 28b 

is provided with cells 421 to 42n using the frequancies fi 

to fn, respectively, and a cell 42m using a f~equency fm· 

.The cells 411 to 4ln and the ce1is 42i to 42n a.re adjacen~ 
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to each other, whi1e the~a are no ceiis adjacent to the 

cel.l. 42m of tile ~adio %One B. 'I'his is eaused by difference 

in scale between the base station ~adio devices 28a and 2Sb. 

'%he base station radio device 28a comprises an 

antenna 31a, a distri~utor/synthesizer 32a, transceivers 

30a1 to 30a.zi cor~espondinq to the f~equencies f i to fn, 

respectively, a pi1ot ·cbannel transmitter 33 for constantly 

t~ansmitting a pilot channel of a frequency equal to the 

frequency fm of the cell 42m in the adjaeent radio zona B 

coye:red by the radio device 28b, and a controller 40a. The 

distributor/synthesizer 32a distributes a signal received 

f roJll the terminal 11 via the antenna 3la to the 

t:ansceivars 30a1 to 30an, respect~vely, while combines 

signal.a from. the transceivers 30a1 to 30an for transmission 

via. the antenna 3la. 

'?he baaa station controllar 12 is provided with a 

determining section 44. When the texminal 11 in 

communicati.on receives the pilot channel from. the pilot 

channel transmitter 33 and requests the star~-up of a soft 

handoff to the base stat.ion control1er 12, the dete:nnining 

section 44 datex:mines that there exists no ce11 of a 

f .z::equ.ancy eqaal. to the frequency f:m of the pilot channel in 

'the radio device 2Ba. 

The base station radio device 28b comprises an 

antenna 3lb, a dist~ibutor/synthesizer 32b, transceivers 

30b1 to 30J::>n corresponding to the frequencies £1 to fn, 
-

reepecti~eiy, a transceiver 30"bm correspondi.n~ to the 

.frequency flll, and a controller 40b. The 
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distr:i.buto~/synthesi:er 32b distributes a signal received 

from. the terminal 11 v:ia the antenna 3l.b to the 

t~ansceivers 30b1 to 30bn, respectively, while combines 

signals from the transcei~rs 30b1 to 30bn for transmission 

via the antenna 31b. The conb;o1le;r 402> is provided with a 

command signal transmitting section 43. ~n response to a 

deteJ!mination resul.t at the detenaining section 44, the 

command signal. transmitting section 43 produces a hard 

hanclof ~ command signal f oz: execution o:t a hard h~dof f 
-

ua.ing the :trequency now in use for communication •ith the 

terminal ll and ~ansmi~s it to the terminal 11. 

In th• cellular system accordinq t.o this embcdi.l'Gent, 

if a cel1 usinq a frequency equal to a frequency of a cel1 

of a radio zone now in cOlllllunication exists in an adjacent 

headed :-adio zone, a soft handoff can be smoothl.y achieved 

in the same manner as in tbe conventional cellular system. 

Accordingly, he:-einbelow, explanation will be made mainly 

to the case where a cell usinq a frequency equa1 to a 

frequency of a cell of a radio zone now in communication 

does not exist in an adjacent headed radio zone. 

For example, when the cell. 42m. of the frequency fm in 

th.a radio zone B is allocated by the base station radio 

device 28b, tha tel:lllinal 11 starts communication with the 

base station cont.roller i2· via the transceiver 30bz of the 

radio device 2Bb and the controller 40b. The te.minal 11, 

while keeping the co.nmn.mica~ion, receivea the p~lot channel 
-0£ the frequency fm transmitted from the pilot channel 

tJ:'anslZlitte~ 33 of the radio device 28a while moving to the 
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radio zone A shown in Fig. 2. In the terminal 11, the 

reception level measuring section 21 measures a reception 

level of the pilot channel and g~ves it to the controller 

20. The control.l.er 20 transmits a reception 1eve1 si.gnal 

to the base station radio device 28b via t:he encode~ 22, 

the transm.it.tQr 23 and the antenna 16. 

The controller 20 compares the reception level of the 

pilot channel from the radio zone A with the p~eset 

threshold. value. I:f the reception l.avel exceeds the 

~eshold value, the controller 20 dete~nes that the 

tarmi.nal 11 reaches a position where a soft handoff to the 

radio zone A i~ possib1e, so as to produce a so£t hand.off 

start-up request signal carrying identification data of the 

base station radio device 28a and transmits it to the base 

station radio device 28b now in communication. 

rn the base station radi,o device 28b, the start-up 

request signa1 received via the antenna 3lb and the 

distributor/synthesizer 32b is sent to the cont:xoll.er 40b 

via the transceiver 30b,g for the frequency fm. Then, when 

the start-up reC{Uest signal i~ sen~ to the b~se station 

controller 12 from the controller 40b, the determining 

section 4 4 deter.mines th.at a cell of the frequency fm to 

which the terminal 11 will shift by a soft ban.doff does not 

exist in the baae stati.on radio device 28a identified by 

the start-up request signal. Accordingly, the base station 

control.1er 12 checlcs existence of oe1l.s in the base station 

radio devices 28a, 29b corresponding to a f~equency to 

which a ha.l:'d handoff is possibl.e by the tel:lni.nal. 1.1. i'o:c 
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both non-busy in the ~Adi.o .=ones A and B covered by the 

radio devices 28a, 28b, a hard handoff command signal is 

produced at the command signal transmitting secbion 43 of 

the radio device 28b and uansmitted to the terminal 11 via, 

the distx:i.butor/synthesizer 32b and the antenna 31b. 

Since the bard handoff command s.:i.gnal is transnd. tted 

at a frequency equal. to the frequency fJ'A now in use by the 

texminal l.l, the terminal ll can receive it as it itlL ln 

the terminal 11 _ _, according to the hard handoff command 

signal, the receiver·17 ·switches the frequency fm nov in 

use to tbe frequency f 1 1 and thus the ha~d handof£ to the 

cel1 421 of the frequency f 1 is carried out. in the radio 

zone B of the %adio devi.ce 28b no11 in comm.uni.cation. 

'?'hereafter, while keeping the communication with the c~ll 

421 usinq the frequency £1, the t.~nal 11 produces a soft 

hando£f start-up request signal carrying identification 

data of the radio devic'e 29a a.t tho cont:ollcr 20 and 

b::anamits it to the radio device 2Ba via the radio device 

28b and the base stati.on control..l&% 12. Ac:col:dingly, the 

te.rmina1 11 sGoothly ca~ries out a so£t handoff from the 

cel1 '21 of the radio zone 8 to the cell 411 of the ~adio 

zone A. 

Now, the second prefer.red embodiment of the present 

invention will be described. Fig. 3 is a block diagram 

showing a sti:uctura of a texminal assisted hand.off CDMA 

cellular system according to this embodiment. Fig. 4 is a 

.diagram schematically showing radio zones, seen fro~ above, 
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covered by base station radio devices shown in Fig, 3, 

respeet.ively. :In the fi.gu:z;-es, a base station radic device 

28a cove~ing a radio zone A, a base station radio device 

28b coverinq a radi.o zone B and a base station radio device 

28c covarinq a radio zone c are connected to a base station 

control.le~ 12. Since the base station ra.di.o device 28c has 

the same structure as the base station radio de.vica 28b, 

explanation thereof will be omitted. 

ifhe radio 'Zone A is provided with a plurality of 

cells using frequencies £1 to fn, respectively. Each of 

the radio zones s and C is p~ovidad with a plurality of 

cells using the f:equencies fi to fn, respectively, and a 

cell using a frequency fm. The cells using t.he frequencies 

fl to fn in the respective radio zones A, 8 and c are 

adjacent to each other, while the radio %one A has no eell 

adjacent to tho eel.ls u.d.ng the fi:equencies fm in the radio 

zones B and C. ~i$ is caused by difference in scale 

between the baa• station radio devices 2Ba.-2Bc. 

'rha base station ~adio device 28a comprises an 

antenna 3la, a di.stxibuto~/synthesizer 32a, tcansceJ.vers 

30a1 to 30an cor~eBponding to the frequencie• f 1 to fn, and 

a contxoll.er 4.0a. 'ftie base station radio device 2Bb {29c) 

comprises an antenna 31b, a distributor/synthesizer 321:>, 

transceivers 30b1 to 30bn corresponding to the £~equencies 

f1 to fn, a transceiver 30bm corresponding to the frequency 

fm, and a controller 40b. 

The controller 40b includes a reception level 

receiving section 4~, a comparing section 46 and a con:una,nd 
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signal tran9JD.itting section 47. 'rhe recep~i.on 1eval 

receiving section 45 requests the terminal 11 to transmit 

reception levels of pilot channels from the base station 

radio devices 28a, 28b and 28c measured at the teDainal ll, 

and receive them. '?he comparing section 46 compares the 

re~eption.levels received at the reception level receiving 

section 45 with preset threshold values. 

lf, as a result of the comparison at the comparing 

section 46, there exists, other than the radio zone of the 

subject base station radio device (the base station radio 

device now ~n communication with the te.oninal 11) , the 

radio zone transmitting the pilot channGl whose reception 

l.eve1 i.s greater than the threshold value, the command 

signal transmitting section 47 transmits a first command 
I 

signal commanding execution Of a soft handoff to the 

tei::minal 11 using a freq\lency now in use. OP. the othe: 

hand, if there exists no radio zone sho•ing the reception 

level greater than the threshold value, the conunand signal 

transmitting section 47 t:ansmita a second command signal 

colllllla%1d:ing execution of a hard handoff to the terminal 11 

using the £.requeney now in uae. 

Fig. S is a flowchart showing an ~at.ion of the 

ca.l.lular system aceo.rding to this embodiment. As in the 

foregoj.ng first p:eferred embodiment, exp1anation wi11 be 

made mainly to the case where a cell using a .fnquency 

equal. to a frequency of a cell of a radio zone ~ow in 

collllllUllication does not exist in an adjacent beaded radio 

. zona. 
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For examp1e, 11hen the cel.l using the frequency fm. in 

the rad~o zone B is a1located by the base station radio 

device 28b, the terminal 11 starts communication with the 

base station controller 12 via the transceiver 30bm, of the 

radio device 29b and the controller 40b. While moving-, for 

example, in a direction D toward the radio zone C in Fig. 4, 

the teJ:minal 11, while Jcaaping the communication, receives 

the pilot channels transznitted from the base station radio 

device 28b and all the adjacent base station radio devices 

28a, 28c and measures reception levels thereof at the 

reception level llleasuring secti.on 21 . Further, ~he 

controller 20 transmits reception le11el signals to the base 

station radio device 28b via the encoder 22, the 

transmitter 23 and the antenna 16. 
! 

:In the base station radio device 291>, it is checked 

whether there exists a tetminal li communicating at the 

frequency t'm in th• :radio zone B (step Sl) . If the 

teDn.inal 11 communicatinq a~ the t:equency fm exists in the 

radio zone B, the r•eeption level receiving section 45 

requests the te.rminal 11 to notify the ruception 1eveis of 

the pilot channels transmitted at the frequency f• from the 

base station radio devices 28a-29c, and receives them 

(step S2) _ 

Xn the base station radio device 28b, the comparing 

section 46 compa~s .the·reception level of the pilot 

channe1 from the radio :one B among the :reception levels 

received from the te.z:minal 11 with a p.i:eset threshold value 

A of -l2dB (step S3). For example, if the reception level 
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is -20dB, the reception level is smaller than the threshold 

value A. This means that the terminal 11 is away from the 

radio zone B of the base station radio device 29b ~ore than 

a predete~ned distance and thus needs to shift to another 

cel1 by a ban.doff. 

Subsequently, the comparing section 46 compares the 

%aception 1evels of the pilot channe1s from the radio zones 

A and c, other ~an that from. the radio zone B, among the 

reception leva1s received from the ternU.nal 11 with a 

prt!_set threshold value B of -16~ (step S4) w :In this case, 

since the ce11 using' the frequency ~m does not exist in the 

x:adi.o ~one A but exists only in the radio a:one C, if the 

recep~ion leve1 of the pilot channel of the radio zone C 

exceeds the threshold value B, it means that a soft handoff 

to the ce11 of the frequency £11 of the radio zon6 C is 

possible. Accordingly, the command signal t:ansm.itting 

.section 47 t.i:ansm.its a first signal commanding execution of 

a soft handoff' to the terminal 11 using the frequency now 

in use (step SS). Si11111ltaneously, the base station radio 

device 281> ~:ansiaits a so~t handoff start-up reque~t signa1 

to the base station radio device 28c via the base station 

controller 12, so that the soft handoff to the cel1 of the 

frequency fm of the radio zone c is carried out. 

On the other hand, when the tand.nal 11 comnunicating 

with the base station :r:adio device 28b moves in. a direction 

E to•ard the ra.d.io zone A in Fig. 4, there is no cell using 

the frequency fm in the headed radio %one A. .In thi.s case, 

at step S4, there is no reception level cf the pilot 
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channel. exceeding the th.:esnold value B. Th.us, in the base 

stat~on radio device 28b, the commatld signal. transmitting 

sect~on 47 transm.i.ts a second signal commanding execution 

0£ a hard handoff i.n the subject radiQ zone B to ~he· 

terminal. 11 usin9 t.he fi;equenc:y now in use. 

:In the terminal 11, accordi.nq to the received second 

signai 1 the receiver 17 switches the frequency fm now in 

use to, for example, the frequency f1 so as to car:cy out 

the hard handoff to the cell using the fl:equency f 1 in the 

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

communication. 

The:eafter, the terminal 11, while keeping the 

c:omamnica.ti.on with the ce11 of the frQquency £1, produces, 

at the controller 20, a soft. handoff start-~ request 

signal carrying identification data of the base st:ati.on 

.radio device 28a and transmits it to the radio device 28a 

vl.a the radio device 29b and the base station controller 12. 

Accordingly, ·the terminal 11 smoothly carries out a soft 

hando£f to the cell of the f~equenc:y f 1 in t:he radio zone A 

from the ceJ.l of ~be frec;iuency f 1 in the .radio zone B. 

In the f o.regoing fi~st and second pre£ar%ed 

embodiments, the te.r.minal 11 first carries out the hard 

handoff to the cell of a different frequency in the J:adio 

z.one of the subject base station :r:adio device (the base 

station radio device communicating •ith the tenuinal 11), 

and 1:hen carries out the soft hando£f to the cell of the 

same frequency in the adjacent radio zone. However, it may 

aiso he ar~anged that the terminal 11 carxies out a hard 

I 
I 

I 
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handoff direr::tl.y to a cel.l of a dif~erent:. frequency in an 

adjacent radio zone from a .radio zone of the subject base 

station radio device. 

As described above, in the terminal assisted handoff 

mobile communication system according to each of the 

foregoing first and second preferred embodiments, even ~hen 

a terminal 111.0ves to a radio zone where a frequency now in 

use can not be used, a hand.off can be carried out smoothly. 

While the present invention has been desc:ribed in 

ternrs of the preferred embodiJDents, the invention is not to 

be 1imi tad thereto, but can be embodied in various ways 

without departing from·the pxinc~ple of the invention as 

defined in the appended claims. 
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WHAT ~S CLAIMED IS: 

1. A fixed facility for a mobile communication 

system inc1uding a mobile terminal, said fixed facility 

covering a first and a second radio ~one which. are assigned 

with a first and a second radio frequency, respectively, 

said mobi1e tenu.nai ~eing communicable with. said fixed 

facility by the use of, as a. current radio f.requency, one 

of said first and said second ~adi.o frequencies and beinq 

ca.pabl.e of producing a request signal representativ-e of 

request of a handoff in ~hieh said mobile terminal is 

communicable with said fixed facility by the use of another 

of said first and said second radio frequencies at a 

boun.daxy a~ea between said fi~st and said second radio 

zones, aaid tixad facility comprising! 

judging maans responsive to said request signa1 for 

judging whether or not said sacond radio frequency is 

u•ahle by said mobile texminal, said judging means 

pt:oducinq a judgement ~eault; and 

signal. transmitting .means connected to said judq"1g 

means :to~ t:anamitting a command signal. towaxds said mobile 

tai:m.inal through said current racli.o frequency in ~esponse 

to said judgement result, said command signal relating to 

said handof.f'. 

2 . A fixed facility as claimed in claim l, wherein 

said fi•~t •adio zone is further ass~g:ned •ith an 

additional ~adio frequency which is same to said second 

radio frequency, said second radio zone being further 
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assigned 'ilfith a:n adclit.i.onal radio frequency which is equal 

to said first ~adio frequency, said mobile teJ:mi.na1 being 

communicabl.e "ith $aid fixed facility .by the use of one of 

said additional radio frequencies in place of said current 

~adio frequency. 

3 .. A fixed faci1ity as claimed in claim. 1, further 

compi:isin~: 

a host station incl.udin9 said signal transmitting 

means; 

a first radio base station connected. to said host 

station for coverinq s~id first radio zone; and 

a second radio base station connected to said host 

station for covering said second radio ~one and having a 

pilot channei tranaJDitt1ng means ~or transJllitting a pilot 

channel using said first radio frequency, sai.d mobile 

tel:mi.na.l being xesponsive to·s~d piiot channel to produce 

said request signa1, 

said judging means included in each 0£ sai.d first and 

said second radio base atations and judging whe~ or not 

said second radio ba.se station use• a z:adio frequency which 

is equal to said first radio frequency. 

4. A fixed £acil:i.ty as el.aimed i.n cla.t:m 1, wherein 

each of said first and said secona radio base stations 

px;oduc:es a pil.ot channe1, said mo.b.ile terminal. being 

responsive to said pilot channel to produce a xeception 

level of said pilot channel, said judging means ~'IJ.rther 

comprising: 
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receivinq means for receiving said reception level; 

and 

comparing means connected to said J:eceiving means and 

said signal transllLitting means for co111paring said reception 

level vith a preset thres~old value to produce a comparison 

:result, 

said signal. t.:;-ansmittin~ 111eans transm.1.tti.ng, as said 

command signai, a first command signal to said mobile 

~endna1 by the use of said current. radio frequenc:y in 

response to said eompa~ison result when said reception 

leve1 is greater than said preset threshold value, and 

transmitting, as said command signal., a second command 

signal to saj.d mobi.le term.ina1 by the use of said ~~ent 

~adio fx:eq;uency i.n response to said comparison result when 

said reception level is not greater than said presae 

threshold value, said first command signal commanding 

execution of a soft hand.of£ in which said mobi1e terminal 

is communicab1e with said fixod facility without a change 

or f'raquency at said boundary area, said second com.and 

sj.gna1 commanding execution of a bard band.off in which said 

mobile ~e:Jllina1 is communicable with said fixed facility' 

with a Change of frequency at .said bounda:y a:aa. 

5. A terminal assisted handoff mobile COJNnunication 

systelll inc1udinq a host station, a plurali~y of :adio l;»a.se 

stations connected to said host station, and a mobile 

te~, each of said radio base s~ations cove•i.ng a 

correspond.inq radio zone inc1uding a p1urality of ce1l~ of 

· mutually different frequencies, said mQbile terminal 
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eommuni.cati.n9 with one of the radio base stations at a 

first frequency requests to said host stationr based on 

measu:ed •ecaption levels of pilot channels transni.itted 

from the adjacent radio base stations at said first 

fraquency, start-up of a soft bandoff' to another of the 

radio base stations, said system further coiap~ising: 

a pil.ot chaxme1 transmitting means p.ro'V'ided in at 

least one of the adjaee.nt radio base stations, said at 

leut one of the adjacent radio base stations not havinq a. 

celi of said first frequency which exists in the radio zone 

of each of the other adjacent radio base stations, said 

pi1ot channa1 transmitting ceans .conetantly transmitting a 

pilot channel using said first frequency; 

a de'texmining means for, when the mobile te.::mi~l 

COJDmunie&ting With said one Of the radio base stations at 

said. fj,rst frequency x:eceives the pilot ohanne.l f.rom said 

pilot channel transmitting means and requests to said host 

station start-up of a so£t hand.off to the radio base 

station tl:ansmitting the received piiot channel, 

determining that the ce:ll. o"!:. said tirst f~e~ency does not 

exist in the radio base station transmitting the received 

pilot channel; and 

a command signal. transm tting means connected to said 

datex:Dd.ning means and ~esponsive to a deta:z:inination result 

from said dete.'CJ\\ininq means for tx-ansmi.tting a hard handoff 

command si.gnal commanding execution of a hard handoff to 

said mobi1a te.rmi.nal using said fi~st frequency being used 

in communication. 
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6. A tenU.nal. assisted handoff' mobile com=unication 

system as claimed in clai.a·s, wherein said mobile terminal, 

in response to the ha~d handoff command signal f:oa said 

command signal transmitting means, carries out the hard 

handoff to a. ee1l of a second frequency other than said 

f i.rst f:e~enc:y in the i:adio zone covered by the ~adio base 

station communicating with said mobile teJ:'mi.nal.. 

7. A eel:Sinal assisted hand.off ~bile comaw.ni.eatton 

system as claimed in claim 5, wherein said. mob:ila te:cminal., 

in_response to the hard hand.off command signal from said 

command signal transmi ttinq means, carries out the hard 

handoff directly to a cell of ·a .second. frequency other than 

said fi~st freqwancy in the radio zone coYered by the radio 

base sta1:.1.on t.J:ansmittinq said received pilot channel . . 
B. A terminal assisted hand.off mobile communication 

system i.ncludinq a host station, a plu:aJ.ity of mutually 

adjacent radi.o base stations connected to said host station, 

and a mobile tenai=al / each of said radio base stations 

covering a cor:esponding radio zone inciudinq a plurality' 

of cells of mutually different frequancies, said mobile 

tenli.nal communi.catirlq with one of tha :adio base stations 

at a ~.1rst r:equenC? requests to said hos~ station, based 

on measured reception levels of pilot channels transmitted 

from the adjacent radio base st:ations a1: said first 

f :requency, start-up of a soft hand.off to another of the 

radio base stations, said systQllL iurt:her comprisl.ng: 

This Sheet Has Been Replaced 
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a reception levei ~eceiving nieans for ~ece~ving sa~d 

reception levels of the pilot channels fro~ said mobile 

terminal; 

a comparing m.eans connected. to said ~eception l~vei 

r~ce1ving means fo~ com.paring the reception levels recei~ed 

at said reception level receivinq means with a preset 

th:reshol.d value; and 

a command signal transmitting means connected to said 

compa..ri.ng means and responsive to a comparison result f:r:om 

said comparing means fo::c transiai.tting a first comm.and 

signal commanding exeoition of a soft ha.ndof f to said 

mobile terminal using sai~ first frequency being used in 

communication when there exists the radio :one, other than 

the ~aclio ~one of the radio base .station in co111D1unication 

with said mobile te::minal, which .shows the :reception level 

greater than the pnset threshold value, and for 

trans.mi tting a second command signal commanding execution 

o~ a hard handoft to aaid mobile tal:minal using said first 

f:equency being used in communication when there exl.st~ no 

radio zone showing the reception 1eveJ. greater than the 

preset threshold value. 

9. A te:::minal. asaia te<i handoff m.obil.e c:ommm,.ication 

system. as olai.med in c:laia 9, "herein said mobile terminal, 

in xesponse to ~Q second comaa.nd s~gn.al from said command 

signal transmitting ~ans, carria.9 out the hard handoff to 

a cell of a second frequency othe: t:han said first 

frequency in the radio zone covered by the radio base 

station commwticating with gaid mobile terminal. 

1 
I 
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10. A te.rminal a$Sisteci handoff mobile coinmunica.t.i.01\. 

systeJll as claimed in claim 8, whe~ein said mob~le terminal, 

in response to tha second command signai f ~om said command 

signal transmiteiru] means, carries oat tha ba:rd handoff 

directly to a cell of a second £.reque.ncy other than said 

fi.rst frequency in tha x:adio zone cove.red by the radio base 

station transmitting said received pilot channel. 

iiiiiirf 


