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BANDOFP COl!ft'ROL WlTB A PILO~ USED 

BORINC CELL IR A CDD MQB:II.2 COMNUlf:tCA~lOtl DPOU / 

OH A SDVIC8 rUQOINCY OP ~BE NEIGBBOl\IHG CELL V 

BACKGROUND OF ~BE IllVERTIOR~ 

~~~s ~nv-en~ion ~•lat.es to hand.off control used 

for a mobile unit e1~he~ in a COMA (code ell.vision 

lnll~iple access) JllObile communication ne~work or in a 

c0lllbinat.1on of t.be COMA inobile ceml.lti1cat.ion net.work and 

a neighboring or con~iguous mobile oolllllunica~ion ne~work, 

sucb as an analog cellular ne~wark, which ~s operah1e·in 

a.t:cor&l.nce with other t.b.an a. COMA t..ec:hniqu.e. 

In ~he manner aeso~1be4 1D On1te4 States Pa~en~ 

No. S,295,153 and a• vill latez be described in greatA!r 

4e~ail, a CDMA mobile communi~•~ion ne~work ha• • ••~vice 

area in which a Jll0b11e 11n1t is movable and which is 

d1v1ded 1n~o a plu~ali~y o~ cells lnclud1ng f1~•~ and. 

sacotul cells ne1gl\bor1ng each otbar. Th• CDMA aabile 

commun1cat1on network comprises a control station and 

f ira~ and secona base stai1ons eonnec~ed in the firs~ and 

the second cells ~o the control station. P!rst and 

second se~vioe frequeng1ea a~e assigned to the f~r•~ and 

the second base stat1ons for t~affic oO!llJ'llunica~ion w1~h 

~he mobile unit while ~he •abile uni~ is in ~he fire~ and 

the second cells~ respec~i-vely. 
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The control s~ation may or may no~ be sit~aled tn 

t.he service area. ln any event, ~he control a~&tion 

comprise• a control device for de~ecting necessity of . 

bandoff between tbe first 8.Jld ~he second service 

f~equencies and for dealing w1tb t.he handOff when the 

neceasity·iu de~ected. 

L1k.e the Cl>b£A mo~ile c01DJD.Uuication ne~work, t.he 

above-describea comb1na~ion has a oommon servie• &rea in 

which a mobile unit is movable and which is divided into 

a plurality of cells incluc!ing first. and second calla 

neighboring each o~he~. 'lhe combina~ion comprises a 

con~~ol ata~ion an.4 f ira~ ana Gecond base •~a~ions 

ccnnec~ed in ~he firs~ and tbe secona cells to t.he 

control station. Pirst an4 second se.t:Vice frequencies 

are assigned to t.he first and the second base s~a~ions 

for traffic coU\ft\unica~ion with the mobile uni~ while t.he 

mobile uni~ is in the f1~s~ and the second cells. 

ne con:t.rol Gt.at.ion may o~ may 11ot. be in t.he 
common area. When sit.uat.ed in t..he common a~a. the 

oont.rol st.at.J.on. may .be :l.n a component. serv.t.c:e area of 

vbicheveJ:" of the CDMA mobi.le cOllllllunicat.ion net.work and 

~he neighboring mobile collllllunical1on ne~work. In any 

even.t, the cont.~ol st.at1on comprises a control device 

operable in lhe manner described. in· the foregoing. 

When t.he combJ.nat..ion ia t.aken int.a canside.rat.J.on. 

wit.h attention 41recled t.o the IJnit.ed St.at.es pat.ant. 

re:feJ:"etac::ed allove. t.he .r1rst cell 1s 1n t.he ne1ghb0x1AIJ 

mobile co1111n1n1cat.ion tietvork and 1a an urban or umbrella 

----
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Gell. The second cell is in the CDMA mobile COJllllWlica-

~ion networ.k an4 ia a rural cell or a microcell. 

Attention is primarily directed to allocat1on or 

frequencies between such calla cf different celi sizes. 

In this connection, the hand.oft is discussed as rega~4s a 

cell border be~veen the !ira~ ana t.be second cell•­

nasnaly 1 as regards a difference between·uplink (from t.he 

mob~le uni~ to a base sta~ionl and downlink (~rem the 

naaG stAtian to t.he mobile unit) hando£f points. In 

o~aer t.o usu Mcbi1e Aasist.ed. Bando:ff (KABO) in the CDMA 

mobJ..le · commtlnication ttetwo.rk. use 1• made of a pi1ot. 

signal or sequence and of a subtrac~ion 4emo4ula~ion 

process. . 
~D such a conven~1onal ~obile communica~ion 

ne~wo~k and particularly in an analog wobile communi­

cation ne~vork. it has been the prac~1ce to dea1 wit.h 

~he bandoff con~rol as follows. on deacril>1ng ~he 

bandof f control; 1~ will be preswnecl t.ha~ the mobile uni~ 

is cu~rently present in the firs~ cell ih ~raff ic 

communica~ion With ~he firs~ base stat~Oft. naine1y, 

~rans.m1Laing an uplink Lraff~c signal to an4;/or reee1v1n9 

a downlink traffic signal ~ram the firs~ base s~a~ion. on 

the ~irs~ .se:cvice frequency and 1s moving ~ow8.l:'ds one of 

neighboring cells that may be called a destina~ion cell. 

F\lr~heaao~e. a~~en~~on ~111 be d1rec~ed as a represen~-

ative t.o only one of such •obile units which may be 

concurren~ly alive in t.he first cell. .Although differan~ 

~~equenciea may be assigned ~o a base s~a~ion in 

----
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~ransmitting the uplink an4 the downlink traffic signals. 

such ditferent frequencies will colleet1vely be called a 

service freg11ency. 

When the mo~ile unit approaches t.he ce11 ~order 

between the first cell and the destina~ion ce11. atl 

elecrt.romagnct..ic or radio wave of the first. service 

frequency becomes very weak t.o be objec~ionable a~ t.he 

mobile uait. In this event, the firs~ sexvice fzequency 

must. be h&ndea off or over t.o a seXYice frequency vhicb 

is asaigned t.o the Bes~ina~ion cell, na-ely, ~o the base 

s~a~ian placed in the destination cell, 

It ~akes a long time to firu1 which of t.he 

neighboring cells is actaally t.he dest1nat.1on ~ell. 
I 

During ~his long time, the ~raffle signal is received at 

·u,u •Obile unit. and t.he fi~et. base .at.at.ion wit.h an 

object.lonable .signal qua1ity. Moreover, each base 

station and· consequently ~he mobile communication unit 

have a large scale. A great. amount. of .11tfomat1on must. 

he ~ransmi~ted between t.he control sta~ion and the base 

s~a~~ons si~ua~e4 in ~he ne.ighbo~ing cella. 

SUMMARY or TBE llfVEl'{TIOB: 

IL is therefore an objec~ of the present. 

inYen~ion ~o provide a hanaoff control Alethod to~ use in 

a code division multiple access mobile eonaqnica~ion 

ne~work contpr1s1ng a control station and a pl~rali~y of 

base s~at1ons connected to t.he control s~a~ion ana having 

a service area in which a mo~11a un1~ is movable and 

Which is divided into cells for the respec~ive ba•• 

ilifli1Di1ii1i11f 
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stations.with d1fferant service frequencies assigned to 

~be renpectt~e base a~a~ions. which method is ~or 

controlling handof£ for tbe mobi1e unit be~ween two of 

~he dif f eren~ service f requenc1es in a shor~ time 

1n~erval and wi~h a substantially no duration of a 

deteriorated Si§A&l qual.ity. 

It l.s a.not.ha: object. o! t.his invent.ion t.o provide 

a handof f control met.hod which is of the type 4asc~1~e4 

and in which each base a~ation ~s on a small scale wit.b 

only a sJllall amount of infozmat.ion tran .. 1t.ted bet.ween 

the eont.roi sta~ion ab.d each of t-.o of t.he haae stat~ona 

t.hat. are related tp movement of the mobile uni~. 

%~ 1• still ano~her object. of ~hia inven~ion t.o 
I 

provide a hnndof f con~rol aet.hod for use 1n a combina~ion 

of a code di.vision multiple aceeas mobile colllllunieat.ion 

network and a beighborin9 or contiguous mobile oommtl.ll~ca­

~1on network, the combina~ion comprising a co~trol 

sta~~on and a plurali~y of base st.ations connected ~o"t.be 
control station and having a common service area in which 

a mobile un1~ is aova~ie BJld wh1eb 1s divided ~nto ce11s 

re~ t.he~i:-espea~ive base s~ations wi~h diffaren~ seJ:'Vi~• 

frequencies assigned t.o.lhe respec~ive base st.at.ions. 

whlch method 1• for con~roll~ng-handoff for the mobile 

sta~ion be~ween two of the dif£e~ent &eJ:Vice ~ret;111ene1es 

in a shor~ ~illle interval and with a subs~an~lally no 

dnrat1on of a de~erioratea signal quall~y. 

i~ is yet another ob~ec~ of ~his inven~~on ~o 

provide a handoff con~rol method Which is of Lhe type 

---
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aescribea ana in which each base ata~ion is on a small 
-scale with· only a small amoun~ of informa~ion ~ransmJ.tted 

between t.ho. cont.rol slat.ion and eaeh ot t.wo of t.he base. 

s~a~ions that are ~elated t..o mo?ement of the mobile uni~. 

it is a different object of t..his invention t.o 

provide a bando~f control system tor use 1n a code 

division mu1~1ple accesa mobila cOJ11111unicat1on network 

comprisinq u cont~ol station and a plural1~y of base 

s~ations connected t.o t.he ~ontrol station and having a 

service area in wbich a mobiie un~t 1~ movable and which 

is divided into cell• for the respective base stations 

with different servi~e ~requencies assigned to the 

respective base slations, which system is for controlling 
i 

han4off fo~ tbe mobile Uhit between two of t.he 41f!eren~ 

frequencies in a short time lnte:rval and with a 

subs~an~ially no au~ation of a 4e~eriorat..ed signal 

qualit.y. 

~~ is anoth•r diffe~ent object of t.his invention 

~o p%0vide a hanclof f control system which is of t.he ~YlJe 

desc~~bed and in ~h~cb each base s~a~ion is on a sma11 

aca1e wt~h only a small amoun~ of 1nfo~ation transmit~ed 

~etlftlen the control sta~ion an4 each of two of t.he base 

stations that are a~signed with the above-mentioned two 

of t.he diff•~•n~ service frequencies. 

I~ 1s s~ill another different object of ~his 

invention to provide a handof f con~rol sys~em for use in . . 
a combina~ion of a code division multip1e access mobile 

co1D1Dunication ne~work and a neiqbborlng or contiguous 

---
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mobile conunun1ca~1on net.work, ~he eombination comprising 

a con~rol sta~ion and a plurality of base stations 

coftftee~ed to ~he ~ontrol st.ation and having a co.mmon 
• 

service areH in which a mobile uni~ is movab1e a.nti wbieh 

is divided into cells for the respective base s~a~ions 

w~'t.h different service frequencies assigned to t.he 

respective base stat~ol\8, which sys~em is for con~rolling 

ban4off for the •ob1le unit hetwee~ ttra of the d1f£eren~ 

service freq~enoies in a •hort ~ime in~erYal and wit.b a 

substantially no duration of a deteriora~ed signai 

qual.1t.y. 

It is yet another cli.fferent ob~e~i Of t.his 

inveft~ion ~o provide a.handoff control system which is of 

~he ~ype described and 1n wlacb each base sLation is on a 

small scale with only a small amount of info.rma~ion 

t.ransmit.tea bat.ween t.he cont.i:o1 at.at.1.on an4 each of t..wo 

of ~be base eta~ions ~hat are ass~gne4 ~1th the ahove­

men~ioned ~wo o! t.he dif£erenl service frequencies. 

%t ia a further different objec~ of t.hi• 

~nven~ioo t.o provide a con~rol $~a~~on fo~ QS• in a code 

dJ.v.isio1i mult.iple access mobi.le. coumunieat.ion net.work 

comprising a plurality of base sta~1ons ~onnect.ed ~o ~he 

QOD~%01 station and having a service area in whioh a 

mobile.unit is movable and which is divided int..o cell• 

far ~he respec~1ve base st.at.ions wi~h different. service 

frequencies asai~ned to the respec~ive base slat.ions, 

wbich control s~at1on ls for con~roll1ng bancloff for 

t.he 1'\0b1le unit bat..waen two of t.he different servi~e 

---
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frequen.oies in a short. time interval and with aubstan­

~ially no dura~ion of a 4et.eriora~ed stgnal qua1~~y. 

I~ ls ano~her further d1tfe.ren~ Obleet of ~his 
invent~on to prov~de a control s~ation which is o~ the 

~ype described and for wh1Ch each base s~ation 1s on a 

small scale v1~h only a small amount of 1nfo.r.ma.t.J.on 

tranamitled between ~he control station and each of Lwo 

of·~he base s~ations that are assiqnea with the above-. 

men~1onea two of the differenl set1riae freqU.eQCies. 

x~ is s~ill another furtller 41f fe%ent objac~ o~ 

this invention t.a provide a con~rol a~ation fo~ use in a 

combination 0£ a code division J1mlliple access lllObile 

communica~ion network and a neighboring or con~iguous 

mo»1le comm.unicat1on network, the combination oompr1s~ng 

a plurality of base stations connected to the con~rol 

stat~on and having a common serv~ce area ln Which a 

mobile unit 18 movable and which is divided int.o cells 

for ~he respecliYe base sla~ions with different •ervice 

frequencies a.Ssiqned to the respective base s~a~ions, 

wblc;h eont.i;.ol. st.at.ion 1.s for contxolling ha.ndo:r:t tor t.he 

mo~1le ubit be~ween two 0£ ~he 41fferent service 

frequencies ~1th a short. t.ime intexvai and w!~h a 

au~stantially no duration of a de~eriorated s~gnal 

quallt.y. 

It is yet ano~her furt.he~ aifferen~ object. o~ 

tb1s 1nventlon to provide a eontrol stat.ion which ls of 

t.he type described and for which each base s~atlon is on 

a smail scale with only a small a:moun~ of infoxmat.ion 

----
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tranSn1itted bet~een the control s~aLion an4 each of t.wo 

of ~fie base nta~ions that are assigned wt~h the above­

ment.1ouad t.wo of t.he different service frequencies. 

Oth~r objects of this invention will ~eco~• clear 

as ~he descr~ption proceeds. 

In acco~ance with an aspect of t.his inven~1on, 

~here is provided a han4off aon~rol 111ethod for use in a 

cod.a division ~ult.1ple access lllOb1le comnu~icat.ion 

network coap~ising a control stat.ion and fi~t an4 seeona 

base •Lations conneotea ~o t.he base stat.ion aiicl having a 

service area 1.n which a mobile unit. is movable and "blah 

is a~~iae4 in~o a p1urai1ty of cells including ~irst and 

second cells neighboring each other, ~he hanc.ioff eon~rol 

m•thoa comprising the st.epa of (a) assigning firs~ al'!ia 

second service frequencies to the firs~ and ~he second 

base atA.tions for traffic communication wit.h t.he mobile 

uni~ while the mobile uni~ is in the f 1rst and t.he second 

cells, (b) deteo~ing necessity of handaff be~ween the 

first ana the second service frequencies, and (c) 4eal~n9 

wi~h ~he ha~aa~f when ~be n.eee••i~y ~• d•~•cte4,.where~n 

·(A) t.he :assigning st.ep a.ssiqns t.he secon4 sexv1ce 

frequency addi~ionally ~o the first baae stat.ion fo~ an 

alternative ttse in t.he t:rafflc coJllDlunicat.ion and t.be 

first. uerv"J.ce frequeney t.o Ute seciona. .base st.at.ion for 

~=ansmitt!ng only a pilot s1gnal, (B) ~he dealing step 

dealing wU.b, while the mobile unit moves from t.he first. 

cell ~owards t.he second cell durin~ ~he traff~c 

eommQnicat.ion wi~h ~he first base s~ation on ~he firs~ 

---
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s•rvice frequency. handoff fro• t.he first se:rvice 

f ~equency to the second service f ~equency when the 

necessity io detected. 

ln acco%dance wl~b another aapeo~ of t.his 

invention. there is provided a handoff con~rol met.boa tor 

~se in a combinat.ion of a code aiv111on mu1Liple access 

communioat.ion ne~work and a neighboring mobile 

communication.na~work~ the oombinat.J.an comprising• 

cunt2:0l s~a~ion ana firs~ and second base stations 

connected to the control sta~ion and bavinq a common 

se:r'O'ice areo in which a mobile unit ~. movable and •h.J.ch 

is d1V1ded int.o a plu:ralit.y of cells including a first. 

cell of t.he neighbo~ing mobi1e collllllanication net.work and 

a second cel.l ne1ghbol:'1ng t.he f1.rst. cell ln t.he code 

41.vtsion mult.1ple access mobile collllD\lDicat.ion net.wo:Jc, 

~he handoff control method comprising the •iep of (a) 

assigning first and second service frequencies t.o t.he 

firs~ and ~he second base stations for traff1~ 

communiaa~ion w1th the mobile uni~ wbile ~he mabi1e un~t 

.is in t.b.e fJ.rst. and t.he second cal.l.e, Cb) .:le1:.ect.J.ng 

necessit...y of handoff between t.he fixs~ and ~e second 

aexirice freC'J1tencies, and (c) dealing wit.h t.he bandof:t 

when the uei~essi~y is de~ected, wherein (A) ~he ass~gning 

s~QP assigns t.he second service frequency addi~ionally t.o 

the flr&~ base s~ation for an alternative use in the 

~raffle ccmununica~ion and ~he first service frequency.~o 

t.he aecond base stat~on for ~ran•m1t.~1ng only a p~1ot. 

.•ifnal, (B) ~he dealing step 4ea11ng wi~h, while ~he 
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mobile unit moves from the fir&~ cell towards ~he sacona 

cell during ~he ~raff ic eomm~nica~ion w~~h the firs~ base 

s~ation or ~he first service fre~uenc~. handoff from t.he 

firs~ ••XVice frequency to ~he second se:rvice freguency 

when the necessity is dele~a4. 

In accordance with a dif~eren~ aspect of th.is 

invent.ion, ·t.here ls provided a handOt.f cont.i:ol ayst.em for 

use in a cpde division mult.J.ple access :mobile commanica­

~ion ne~work cOJDp~~sin9 a c~n~ro1 s~a~1on and f irat and 

second baae stations connected to 't.ha control sta~ion and 

bGv.lng a Se:t.,,it:e area 1n which a mob11A unit. is Dl0Yal>1e 

&n4 which is divided into a plura11ty of cells including 

f1rs~ and second cells neighboring eaeb other wit.h the 

firs~ and t.he second ~a~e s~ations assigned with first 

and seeon4 se=v1ee frequencies fo~ traffic coam.unication 

wit.h ~he .mobile Qnit while t.he"mobile unit is in 1.he 

firs~ aJ1d ~he second cells, t.he con~rol s~a~ion 

comprising a con~rol d.e•ice for detec~iGf necessi~y of 

hand.of£ be~ween t.he firs~ and ~he second service 

frequanoies 4U\4 fo~ dea1~n~ wi~h ~he handoff wben tbe 

necessi~Y iu aetect.ed, wherein (A) the first b~se s~at.J.on 

1s addi~ionally assigned with the aeco~4 service 

f%aquency for an al~e.rnat1•e use in the traffic 

conuaunication. (B) the second base station comprising a 

piloL transm!t.t.1ng device for transmJ.~t1ng only a pilo~ 

si9na.1 on the.first. service frequency, (Cl t.he cont.rel 
4ev1ca daai~ng w~t.h, when ~be neceas~~Y ia det.ect.e4 wh11e 

~be IUC>bile unit moves from the first cell ~owards the 

---
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second cell during t.he traffia cOJ11JRUnication with the 

firs~ base sta~ion on the f1rst se%'Y1ce frequency, 

handoff f~om the fixst service f~equency ~o ~he aacond 

service frequency. 

Xn accordance with another differen~ aspec~ o~ 

Lhis 1nventlon, there is p:ovlded a hancloff con~i:ol 

system fo: use in a combina~iQn of a code division 

mul~iple acdess mobi1e communicat~on ne~work and a 

neighboring .110bile communication ne~work, t.he combina~ton 

comprising a control station and firs~ and second base 

s~at1ons connected ta t.he oont.rol •~at1on and hav1n9 a 

common •ervice area in which a mobile unit. is movable anc1 

whiab is dividea ~nto a plurality of cell• 1acluaing a 
I 

f 1rst cell ot the neighbor1ng niobtle commanlaatiOll 

ne~work and a second cell lleighboring the f i~s~ cell in 

t.he code division aultiple access mobile cOJDD1uniea~ion 

net.work. vit.h t.he 'first. and t.he second base st.a~ions 

aasigned with first and second service frequencies for 

traffic communica~ion with the mob11e unit while t.he 

mobil.e un~t ls in the first and the second cells, Lhe 

c:ontrol st.at.ion coaprislng a contJ:ol device for delect.ing 

necessity of hanaott between ~he first and the.second 

service frequeneies.and for dea1ing wit.h ~he ban.doff when 

t.he necaes£~y 1s de~ect.ed. whe~ein (A) t.be ~irst base 

station is additionally assigned with the second service 

frequency for an alternative use in the traffic 

communi~ation, (Bl t.he second base station comprising a 

pilot transnU.~~inq device for tran81Ai~~ing only a p11ol 

.... -
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signal on the first. service fraquencyw (C) t.he cont.zo1 

device deal.l.ng wit.h, when t..he nec::e.ss1t.y is Clet.ect.ed.. while 

the mobile uni~ moves f:roin the first cell ~owa%Cltl the 

seco11d cell ·du.ring t.he t..raff io comm11nicat.ion with the 

fire~ base station an t.he first service f.re~qancy, 

handoff from t.be f irsl service frequency t.o the second 

service f~equency. 

Xn accar4ance •i~h still ano~her d1fferent. aspect. 

of t.his invent.ion, the2:• is pzi09i4ed a cont.ro.l at.at.ion 

~or use in a code division aultiple access :mobile 

commwiicat.ion .n.et.worJc: compJ:S.eJ.ng first. and ser:ond. base 

stations connected t.o t.he cont.~l st.at.ion ~ having a . . 
service area jn which ·a mObile unit. 18 movable and which 

is divided int.a a plurality of cells inc1ua1n9 firat ancl 

second cells neigbbo~ing each other wi~h the firs~ and 

the second base stations ass1gne4 wit.h f1rsi all4 seco~d 

service frequenc1ea for traffic ~OJmnuni~a~ton w~th t..ha 

mobi1e unit whil~ the mobile unit is 1n t.ha firs~ and t.he 

second. cells, t.he control station coaprislng a eontrol 

c:tev~ce ror aetec~ing necess~ty or han40ff between the 

t1rst and tha second sel:V'ice frequettcies and for deal~ng 

wi~h ~he bandoff when ihe necessity ~s Cla~ecte4, Where~n 

(A) the firs~ base s~ation is additionally assigned with 

th~ second service frequency for an alt.erna.~ive use in 

t.he traffic cobUQQnication, (B) t.he second base station 

comprising a pilot ~ransmitt1ng device for transa1~~1n9 

only a Pilot signal on ~he first service frequency, (Cl 

ihe conLrol device dealing wit.h, when the ne~••sL~y is· 

--
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det.ected while ~he mobile unit move• fro• ~he ~in.t cell 
. 

towards lhe second cell during ~he traff ~c canaaunication 

with the fi~st base s~ation on the first service 

f'x·equency, handoff from the first. service f:requency t.o 

~he second service frequency. 

~n nccordanee w~t.h yet anot.ber different aspec~ 

of t.h~s 1nvuntion, there is provided a control stat~on 

for uae 1n a combination af a code d~vision mul~iple 

access mobile conmmniealion ne~wark ana a nelghbo~in9 

mobile COlllll\Uniea~ion network, ~he combination ~omprlsing 

firs~ and second base stat.i.ons connec~ed ~o the contro1 

s~ation and having a cOlllllOll service area in which a 

mobile un~t Ls movable and -hich is divided 1nto a 

plurali~r of cells Lnelud1n9 a fi%st cell of t.he 

neighboring mobile commun1ca~1on network and a second 

cell neighboring the first cell in the code division 

multiple access •obile cOlnlllllnieat~Oft ne~work w~~h the 

f1~st and the second base staLions ass19nea with firs~ 

and second nervice frequencies for ~raffio eommunica~ion 

wi~h ~he moblle uni~ vh1le ~h• mobile un1~ 1s 1a tbe 

first and the second cells, the con~rol sta~ion 

comprising a cont.rol dt!vice fo"r det..ect.ing: :ttecessit.y of 

handof f between the !ir9t and ~he secona service 

frequencies ana for 4ea11nq with t.he handoff when ~he 

necessi~y is de~ec~ed, wherein (A) ~he firs~ basa •~a~ion 

is add.i~ionally assig~ed with ~he second service 

fr•Jquency for an a1t.ernat.ive use in t.he t.r~'fic 

communication, (B) the second base s~ation comprising a 

--

iiiililf 
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pilo~ ~ransm1t.t1ng device tor transmitting only a pilot 

signal on tbe f1rs~ se~1oe frequency, (C} t.he con~rol 

device deal!ng w1th, when the necessity is detect.ed while 

t.he mobile unit. moves in the first. cell t.owards t.he 

aecond cell during the traffic conuaunication with ~he 

firat huse st.ation on the first serviee frequency, 

handoff from the first ser.1ce frequency t.o t.he second 

service frequency. 

BRIEF DESCR?P~ION or 'lBE ORAWtSG: 

•19. 1 is a echeiaatlc top view or a CDMA Cco4e 

d.1V1•1on anult.iple access) mobile CODm'llllicat.i.on net.wox-k 

comprising a conventional han4of f cont.rol sys~em~ 

Pig. 2 is a sequence diagr811l for ~se in 

4escribing convenLional hiuldof f control carried ou~ by 

the handoff eon~rol sys~em depictea in Pig. 1; 

Fig. 3 ~s a achema~ic ~op view o~ a CDMA mobile 

COD1111\Ulication ne~work comprising a handoff con~~l sys~elll 
! 

according to a ~irst embo4ill'len~ 0£ ~he ins~an~ inveAtian; 

Fig. 4 exemplifies a table kept in a •81DO:ry of 

the hand.off con~ro1 ays~em ~11us~~at..ed ~n F~g. 3; 

Fig. s is a 9equence diagram for use ~n 

clascribing han4off control qarried out by the han4off 

control sys~em depicted in Fig. 3; and 

Fig. 6 is a schematic top view of a combination 

of a CDMA. mob1le canmtUnica~ion ne~work and a ne19hbor~ng 

mobile commun1caL1on ne~worJc., whl~h combination has a 

cDD11Don service area for a mobile un1l and comprises a 

han4of f control sys~em according ~o a second embodi•en~ 

--
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of th:i.s :1.nvr:mt.ion. 

DESCaIPTION OF THE PRl!lPIRR2D EMBODlMIM~St 

aefarriAg ~o Fig. 1, a conventional handoff 

control system will fira~ be described in order ~o 

facilitate an understanding of the present invention. In 

Pig. 1, ~he handoff control sys~em is used in a CDMA 

(code div1a1on .DlUl~iple access) mobile c0llllllunicat.1on 

network, whieh is a cliqital cellular commun.ica~ion 

ne~wo~k accordin' to lS-95 spec~f 1ed by t.ha ~%A 

(~elecoD1m\ULica~ions Industry AssociaLlon> ot t.he Un1~ea 

States of America. 

rn the manner known lb. t.ha a.rt., the CDMA mob.ile 

c01111Runication network has a service area represented by a 

sbeet surface of Pig. 1. In the service a~ea, a plural­

i~y of mobile uni~s are aovable. By way of ex8lllple, cniy 

one mobile uni~ {MU) 11 is dep1cted. The mobile unit 11 

may be a porlallle ~elepbone handseL, a mobile ~ermina1 

device aarried on a vehicle, or a like device. 

~he se~ice area is divided ~nta a p1ural1~y of 

cell& wh.1cb lnclade ~~rs~ end second cei1s 13 and 15 

neighboring each o~ber. ~he firs~ and ~he second cel1s 

13 and 15 are contiguous to each ot.her a~ a eell border 

which is depic:t.ed by a vert.ical dashed l1ne. 

The CDMA. mobile communi~ation network eompriaas a 

c:on"t.:rol st.at.;lon 17, wh.lch may not. necessar:Uy be s1t.uat.e4 

in ~he service area and may be an exchange office 

connec~ed to a public wired conunun1calion ne~work (not 

shown). In the fir&~ and t.he second cells. first and 

---
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second baso st.a~iona 19 and 21 a~e situated and ara 

eonneet.ed t.o ~he coatrol a~ation 17. Each of the first. 

and the second stat.ions 19 and 21 ~s a radi~ •ta~ion. and 

is connect.ea to t.he con~rol st.a~ion 17 by a ~ad.io or a 

wired link depicted by • solid 1ine. 

ln ·Lhe manner desc~ibed heretobefore, first and 

aeoond service frequencies A al\cl B ara assigned to t.he 

first. and t.ba second base st.at.ions 19 and 21. Aas1gmaent. 

o~ the first. and t.he second serv~ce frequene1e• is 

indica~e4 by legend~ PRBQ A aqd PREQ a near the 

rec~angles or blocks ind.1.Qa~ive of t.be first. and ~he 

second base st.at.ions 19 and 21. ..rhe first. an.a t.he second 

service frequencies A and B are used by t.he first. ancl t.be 

second base st.at.ions 19 and 21 and by t.he mobile u.n.tt. 11 

in t.raff ic communication While t.he mobile unit. 11 1s ~n 

t.he firs~ and ~he second ce1ls 13 an4 15, respeat1vely. 

~he traffic communication is transmi~tinq a ~raffia 

signal either from one of t.he firs~ ana the sacand base 

st.a~~ons 19 and 21 downwa~ds t.o the mobile unl~ 11 or 

~~om ~he .mobi1e ua1t 11 upwards to one of ~he ~~~s~ ana 
~ 

t.he secon4 baaa st.at.ions 19 a.na 21. l:n t.he example beJ.n9 

illustrated. t.he mobile unil 11 is in the firs~ cell 13 

and is in traffic communication with the first hase 

st.a~ion 19 ae •hown by a dashed 11ne wi~h arrowheads on 

bot.h ends. 

~ control s~at1on 17 comprises a con~rol device 

23. Serving as an element of t.he handoff cont.rol sysi.mn .. 

t.he control device 23 detects necaosily of hand.off to~ 

---
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~he mobile nni~ 11 between ~he firs~ and ~he aecona 

service frequencies 1 and B and des.la w1lh t.he han4off 

when the necessity is detected. 

Referrin~ to Fig. 2 in addi~ion to Pig. 1,· 

conventional handof f cont.rol will be desoi:ibecl more in. 

Cl.et.ail. !'Or t.his puz:poae, it. w.i.11 be a•s1.U1ed t..hat. t.he 

mobile Wli~ 11 is curren~ly moving in t.he firs~ cell 13 

~owaJ:4a tbe second cell 1s. usually, the first cell 13 

is neighborea besides the seeona cell 15 by seYaral other 

neighboring calls in which ai~uatea are neighborlng ba•a 

stations collectivaly indicated in Fig. 2 by a ~•feranae 

nUlllQral 25. ~ile presen~ in the f~rs~ cell-13, ~he · 

»obile unit 11 reeeivaa from. t.he f.irs~ base st.ation 19 an 

elect.ro•agnelie or radio wave of ~he f !re~ se:rvice 

frequency A. When. the mobile unit. 11 approaches t.he c:ell 

lm:i:de.r, t.hia e.lect.romagnet:.ic wa-.e is reeeJ.ved wit.h a weak 

field in~ahsi~y t.o become event.ua11y objec~ionahly weak 

t.c result. in a aet.eriorated t.:raffic a1gnal qualit.y. 

In t.he :meanwhile. t.he mobile u1t. 11 t.ranamit.s a 

a~a~ion l9 and t.hence t.o the control s~at.ion 17 in ~he 

manner depicted by a leflhand upper bcrizont.al line 27-

Receiv~ng a report of the fiald intensity :measuremen~ in 

t.he control stat.ion 17, the con~ral device 23 makes t.ha 

control st.at.ion 17 send a field 1n~ensity measure request. 

s1gnal t.o the second base station 21 and t.o all other 

neighboring base s~ations 25 as ln4icaiad by ~1ghtband 

upper horizontal lines 29. 

----
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Conveying to the mobile \Ul1t 11 ~he field 

1nteneity measure request., t.he secon4 bae• station 21 an4 

~he nei9bboring base stations 25 receive an4 send back to 

~ha oont.rol stat.ion 17 result$ of £1eld 1nt.ens1ty 

measuremen~ 0£ elec~toaagne~1c waves of ~he seeon4 

service frequency n ana at.be~ dif feren~ aexvide f ~equen­

·Cies assignea t.o t.he ne~ghboring base s~atlons 25. Such 

repor~s are iridi.cat.ed by ~1qhthan4 lower horizont.al lines 

31. 

Responsive ~o the reports 31 received a~ the 

control et.ation 17, t.he oontrol device 23 ju4c]ea Ula~ tbe 

second cell 15 is a dest.lna~ion cell of t.he mobile unit 

11. Throaigh the £1rst. base st.at.ion 19, t.he c:ont.rol 

device 23 indiea~es t.he mobile unit. 11 as dep1ct.ed hy a 

laft.hana lo~er hor1zon~a1 line 33 tha~ hanCloff should be 

carried out. from t.ha f irat;. service· frequency A t.o t.he 

second service frequency s.· 

rn this-manner, it takes int.he convent.ional 

hand.oEf con~rol a lonq ~ilne !nterval ~o ident~fy wbich of 

the aecand coll 15 ana ~h• o~her neighboring cell• 1s·~he 

destina~ion cell. After the 4as~ination cell is 

.1den~1fie4, the band.off control is act.ually carried ou~. 

consequen~ly. the ~raffle &ivnal is ~eceive4 w1t.h the 

de~erioratsd signal quali~y at ~he mobile uni~ 11 and at 

t.ha firs~ baae s~at1on 19. Inasmuch as the mobile unJ.t 

11 continuously uses t.he first ae~ice frequenoy A, ~he 

second base s~a~ion 21 and ~he other neighboring.base 

stations 25 are har4ly posaible to receive the traffic 

----
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c::omnunicat.ion from t.he mobile \lnJ.t 11. In a worst. case, 

the mobile unit 11 moves beyond t..he cell border of t.he 

f!rs~ cell 13 and may 90 as~ray. 

Mcu:eove.r, the mobile un1 t 11 must. measure t.he 

field tntQn&1~1•s of the elect:r:o.magnettc waves rece1.,,..a 

from the •econd base station 21 ana the ct.her nei9hbor~nq 

base st.at.~ons 25. Alternatively. each of t.he second base 

station 21 ancl the neighboring base stations 25 mus~ 

measure ~he field intensities of t.be eleat~oma9ne~ic 

~aves sent hack fro• the •ohile ~nit 11. As a result, 

t.he handorf control system and each base stat.ion must be 

on a large scale. A great. amoU11t. of informa~ion mu•~ be 

t.ran:sm1 t.t.ed bet.ween t.he cont.rel station 17 and tile second 
i 

base st.at.ion 21 and t.he neighboring base.st.at.ions 25 .. 

Referring now ~o Fig. 3, the aescrtption will 

proceed ~o a hanaoff control system accarctlng t.o a ~irst 

preferred embodiment. of t.his invention. ftrousrhout. Ute 

following, simile~ parts a~ designated by like reference 

nWllBrals ana are similarly operable unless otbe2:V1se 

apec~f1caliy men~ioned. ~he hanaoff con~ro1 sys~mn is 

used in tne CDMA. mobile ~ommun1cat1on ne~work of t.he type 

described in t.he foregoing. 

In Fig. 3, t.he cell border is no~ depict.ed 

because such a border has no import.an~ physical meaning 

in v~ew of ~he fac~ tba~ the uplink a.na ~he downlink 

bandof f poin·ts may diffe>: fz:"om each at.her as po1nt.ed out. 

here~obefore. !rile refe~ence numerals 13 and 15 for the 

---
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f 1rat. and t.be second calls are omitted merely tor 

s1mpl~city of 11lus~ra~ion. 

7n the CDMA mobile COJllR~niaat.ian ne~wo~k, ~t. w~ii 

be p.resume4't.hat ~he firs~ ana t.he second base sta~ions 

19 and 21 are base s~a~ion.s of high ana low t~affic~ ~he 

fir~~ and the sedond base s~a~iona 19 an4 21 are 

~here£ore assigned with ~wo layers and only a single 

layer of serv:l.ce ~requancies. Bor ~xample. t.h.e aecon« 

se:r:vice f~oqQency B ~· ad4.1t1onally assigne4 t.o t.he firs~ 

base sla~ion 19 while tbe 1econa service f~eque11Cy B 

alone is agsigne4 ~o lhe second bas• sta~lon.21 in ihe 

11.iUUler indica~ed beside ~ha first and t.he second base 

s~a~ions.19 and 21. In the first. base station 19. tlae 
I 

seeond. aer•ice frequency B is used in t.raff ic eonnuoiea-

t.1on with another mobile unit. (not. shown> which may be 

concurrently p%esen~ in the first cell 13 in add1tion ~o 

t.he mobile uni~ 11 kep~ in ~he ~raffic comaun1cat.1on on 

the flr$L ueJ:Vice frequency A. In a specif1e eaae lfhe:ra · 

necessi~y arises. it. is ~oss1ble ~o use the second. 

servic:e f:i-e~111en~y JS in an a.1t.ernai.1ve use :Ln tlle t.ra:f:f'lc 

oommunlcat.iun bet.ween t.he fi~•t. base st.ation 19 and. t.he 

lllObile uni~ 11 currently presen~ in ~he first cell 15. 

fte second base st.at.ion 21 comprises a pilot. 

transmitting device (PILOT ~X) 35 which is aep1c~ed 

separately of the second base stat.ion 21 xnarely fo~ 

clari~y of illus~ration. As depic~ed by a dott.ed line 

wJUi an a~~owbeaa near the mobile uni~ 11, the pilot. 

tran&11i~~ing device 35 is for ~ransmi~~ing on t.he fi~s~ 

----
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aaJ:irice f~equengy A a p1lot signal which can earry a 

liai~ed a•ount of 11!-=foJ:ma~ion as~po1nted out. in the 

Unit.a~ Stat1is pat.ant. referred "t.o herelnabove. 

°'urnln.g t.o l"ig. 4 with P1.g. 3 eonU.nuaual.y 

referred to, the can~~ol device 23 of t.he cont.ro1 st.at.ion 

1..,' comprises a memory 37 for keeping a t.able exemp1i:fJ.eCl 

in ~ig. 4. ~'he table is ac~essible by pilot in!ozmatioa 

(PI) specific to each pilot signal which may be t.he pllo~ 

signal being ClescJ:ibed. In order to access the t.ahle. 

the first. base stat.ion 19 transmits to the control 

station 17, as ad3acent 1nfozmat1on 0£ ~he zepo~t of t.be 

£ield int.ens1t.y measurement, tne pilot 1nfoJ:Jna~1on 

spec~fic to t.be pilo~ sign.al transmit~ed from t.he piloL 

~ransmit.t1ng device 35 of the second base s~a~ion 21. 

When accessed by t.he pilot infoJ:m.at.1on and when this 

pilot. infonuat.ion is received from t.he first. base st.at.ion • 
19, t.he ~able iClen~ifies the second service frequency B 

wh~ch is assigned t.o ~he second base st.at.ion 21 an4 is 

indica~ed on a right.most. COlWlln 1n t.he t.able. zt is 

po•s~b1e ~n connec~~on wit.h the al)ove ~ha~ t.he aajacen~ 

inf ormat.J.on is accompanied by the signal of the f irsL 

service frequency A. It is furt.her:mora possible ~o m&kR 

the t.able ind£ca~e t.he second hase sta~~on 21 in aaa1~1on 

to the seeond.se:rvice frequency B .as indicated alon9 a 

m~ddle coiwnn. ~~ should be nat.ed in ~his connection 

t.hat. in41ea~ion ~f t.he_baee sLation 21 int.he t.able ~s 

no~ indispensable. 

--- -
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~he illustrated hand.off oon~ro1 sys~em. ~here~ore 
.. 

compr1ses receiving means (DX) and dealing •eans (DL) 

which a:o aepicted in Fig. 3 by each siqnal line and 

arrowheads directed towards and away from ~he control 

devicQ 23. the receiving means ~•ceives from t.he first 

base sta~ion 19. t.ogethe: vitb the pilot info.imation. an 

ind.icat.ion i:ridicat.ing. when t.he mobile uit. 11 moves J.:a. 

t.he first cell 13 to approach ~he second ae11 15 aur1n9 

the ~raff 1c co11u1nlnica~1on on ~he first ae:i:.ice f reqqenay 

A, that ~be field intensity of tlle electromagnet.le wa•e 

of the f~rs~ service frequenay A becomes objectionable 

below a predetermined linti~ eit.her at t.he moh~le unit ll 

o:i: at. t.he fi;-st base station 19. :en this event., the. 

receiving means detects ne~essity of hancloff of t.he firs~ 

seJ:Vice.frequency to a cert.a1n one of ot.he~ service 

.frequency. 8Y referring t.o t.he memory l7 1n response ~o 

the pilot. .lnfot.mat.ion, t.be clealiq means identifies t.he 

seeon4 service frequency Bas the ahave-4escr1bed one.of 

other service f~equenaies and deals wit.h the hancloff fxom 

~h• firs~ •erv~ce ~requency A to the seeond serv~ce 

frequency B for t.he traffic communication betwee~ t.he 

mob~le uni~ 11 and the second base st.ation 21. 

Referring to Fiq. 5 and con~inuously ~o Pigs. 3 

and 4, ope~ation will be dea~ribed in connect.ion with the 

han4off control system be1ni described. As in Pig~ 2. 

t.he mobile unit. 11 and t.he control at.at.ion 17 are 

indica~ed toge~be~ wilb t.he firs~ an4 t.be second base 

----

st.at.ions 19 an4 21 by t~ree vertical lines with a m144le ------
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vart1ca1 l1ne used to indicate the first. ahd/or t.he 

second baue st.at.ions 19 ancl/or 21 depending on t.be 

c1rcUID5~ances. I~ will be suzm.1sed that. t.he mo.bile unit 

11 is in t.ho first call 13. 

The fi~st base stat.ion 19 ~ranemits tire pila~ 

infozma~ion Ob t.he f ~rst. service f.re~eney A ~o tJie 

mobile wiJ.t. 11 as adjacent. 1Dfomat.1on accoapany.1.ng t.he 

downlink traffic signal. The uplink t.raffic signal la 

'lran.smitt.ed. from t.hci mobile unit. 11 t.o t.he fi:r:at. base 

•~at.ion 19 also on t.be first seJ:Viae frequency A. 

~n this even~, ~he mobile unit 11 cont.1nuous1y 

moni~ora in response to the pilot info~at.ion t.he p11o~ 

signal and t.he f1el4 intensity of t.be elec~romagnet1c 

•ave recelvAd there on t.he f1rst service frequency A. 

When t.he field in~ensity becomes objectionable below ~he 

predet.e.r:min.ed limit, t.he mobile unit. 11 sends an 

indidalion or report. of this de~er~ora~ed field intensLty 

ao ~he uplink signal to the firs~ base s~a~ion 19. which 

conveys ~he indication t.o the con~rol sta~1on 17 ~oge~h•~ 

w.tt.h t.hs pi.lot. 1n:format.1.on. Transmission ancl cign-veyance 

of theoe indica~ions are 1nd1ca~ed by an upper ~orizon~al 

line 39. nesponaive ~o the in4i~aL1on conveyed. t.he 

rece1v1ng mcane finds the necessity of handoff. 
' 

It will now be additionally suraised Uia~ ~he 

mo.bile uni~ 11 •ovea toward& t.he second cell 15 during 

t.ha traffic CQl1Ul\Unicat1on on the first service frequency 

A alt.hough the baucloff control system. can not yet. know 

t.he second cell 15 as t.11e des~ina~lon cell merely by Ute 
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1ndicat.1on conveyaa t-o the control station 11. When t.he 

necessl~y ta detec~ed and fuxt.be:tmc>re wben the pilot 

signal is received at lhe mobile unit 11 with a p~ecle~•r­

m1ned intensity or above. t.ne dealing meanu ~•£ers to tbe 

memory 37 anti 1nd1.cat.e• hard han4off frmn th• fiz:•t. 

se:i:vi~e f~equency A ~o the second se:rvice frequency S~ 

Th1a J.ruUca·lJ.on is cqnveyea from t.he con~:ro1 staUon 17 

t.o t.11.e seco11c!l base stat.ion 21 an4 !s t.ranait.t.e~ 

t.herefrom furt.her t.o Lhe niob~la unit. 11 as inaiea~ea by a 

lower borizont.al line 41. ~ha 1.naicat.lon .is fu~t.he?:1DOxe 

conveyed from· the control s~a~ion 17 also t.o the first. 

base station 19 to 1n~errupt t.he indicat.ion of the pilot. 

infol:Dla~ion Wh1ch has been used as ~he adjacent. 

i:n£ol:mat.ion • ~he hard handof t :ls ear:ri.ed O\\t. 1.11 t.his -

manne~ in a short time int.ez:val when ~he necessit.y is 

4et.ect.ed. 

%t ls po&aible ~o 11kew1•• .measure t.he field 

intensity at regular in~e:rvals rather t.han continuousiy 

and a~ ~be firs~ base st.ation 19. Cont.inuous measure-

m.an't. .- howe'Y't.U:,. cli.spenaea wJ. t.h use of a semoq an.a o~ 

refreshing naeans c1eee%1bed iA t.he OnJ.t.ed St.at.es pat.ent. 
~ 

--·-

being referred ~o. Transm1as1on of the pilot inforlll&~ion · 

t.o the mobile uni~ 11 may ~e either only 1nstan~aneously 

upon ent.rance of ~he mob~le ~nit 11 ~nto ~ha ~irst. ce11 

13 or 1n~ermlttently during presence of the DIObile uni~ 

11 in ~he £i~st vell 13 ia conneGt.ion vit.h piLo~ al~naia 

Which are uoea in the secon4 ~aae station 21 and 1n other 

~•19hboring base stations 25. Conveya.nce of ~he pilot 

This Sheet Has Been Replaced 
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Lnfoana~ion to t.he control ata~ion 17 may be only 

in•t.ant.anoouoly t.og-eiher wit.la t.he indicat..1011 of the 

det.eriorat.ed .field inLensit.y. .It. is thns possible t.o 

render the hanaoff control sys~em small scaled ana ~o 

reduce the amount of info~t.1on transmit.ted he~ween the 

~iret. baae s~a~ion 19 and t.he con~rol s~a~1on. 17 and 

be~ween ~he firsL base st.a~ion 19 and t.he •obile unit. 11. 

It is fu~~heJ:'JllOre po•sible t.o use a l~~tie amount of 

~ftfO%mat.ion in 14ent.~fy1ng similar pilot s~gnals used·~n 

t.he neighboring base stat.1ona 25. Incident.ally, 1t. 1• 

possible t.o understand t.bat. the :r:ac1a1vin9 mean• (D) and 

. tJae dealing meane (l>L) are alt.ernat.ively repneent.eCl a;,y 

~he horizontal lines 39 and 41. · 

Referring to ~19. 6# at.~en~ion will be 4i~eat.ea 

to a hand.off eont.rol ayst.etn a.ccoming t.o a second 

preferred embodiment. of this iftvent.1on. Th:is han4of£ 

cont.ro.l syst.em for use in a comb1nat.1on of a CDMA mobi1e 

communicatiun ne~work and a ne19bhoring or con~lguous 

mobile COIQl\1Un1cation network. which is no~ operable in 

analog c:.ellular •obile communica~ion ne~work. 

Bach of the CDMA a~d the neighborin~ mobile 

oonanunica~ion net.works has a service area. He%ely for 

convenience of ~he descrip~ion which follows, tlle service 

area of the neighboring mobile communication network is 

herein called.a primary aerv1ce area wit.h that. 0£ ~be 

CD.MA mobile collUldlilica~ion network called a secondary 

aenlce area. "rhe primary and t.he secondary aezvlce 

---
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areas 1nay or may not. part.ly overlap on each at.her and 4o 

define a com.man seJ:Vice area in which t.he mobile uni~ 11 

is mo•able. The control station 17 is preferably in t.he 

COJl\IQOD a~ea·and comprises the control device 23 which in 

~urn comprises the memory 37 for the t.able ana is 

accompanied by Lhe receiving maa.ns (RX) o~ 39 and the 

dea11ng means (DL) or 41. 

~he p%1mary service area is divided into a 

pluralit.y of primary celle which may be ~he umbrella 

cells. The secondary service a~ea is divided into 

another plurality of secondary cells, such as·t.he 

Jn1crocells, some of which neighbor at. least. a part.inent. 

ane of the primary cells ta fo.rm pairs of cells. %b ~h• 

comm.on servJ.ce areaw such a pair o.f cells consist.a o~ a 

firs~ cell 13 of t.he primary ser~iee area an4 a second 

ce11 15 neighboring the firs~ cell 13 in the secon4a.ry 

service area. ne second cell 15 may be wholly in.eluded 

in ~he firs~ cell 13, 1n whidl ease only a pa~t of t.he 

first cell 13 will herein be refe~ed t.o afresh aa a 

£i:s~ oell ll tha~ bas no oonanan area w~t.h ~he second 

cell 15 .~ 

The first and the second base s~at1ons 19 and 21 

are 1n the fi~•~ and ~he second cells 13 and 15 wit.h t.he 

firs~ a.na ~be eecona service frequencies A ancl B and the 

&econ4 service frequency s alone assigned to t.he first 

an4 tbe second base stations 19 and ll. ~he pilot signal 

t%ansmittinq device 23 accompanies the second base 

sta~ion 21. Xn prac~ice, lhe control s~atlon 23 ia no~ 

---
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conttQCled direct.ly t.o t.ho base •~a~ion 21 as depic~ed but. 

~• connec~ed to another control station (not. sbown) ~f 

t.he secondary net.work ~hrou9h a network in~erf ace (not 

shown) wi~h a result that status of t.he secondary 

net.work .. such ilS t.be 11ecessit.y of handoff, i.s t.ransmi.t..t.e4 

t..o t.he control Gt.at.ion 23 through the control station a~ 

t.he seconda.ry net.work ancl the net.work int.erface. When 

t.,lll p:rim.ary and t.he secondary ae~ice areas ClO not. 

ove~lap but merely neighbor eac1~ other along an area 

border, it is possible t.o underst.ancl that. the first. an4 

t.he second cel1s 13 and 15 are in the sec:on4a:r:y ud the 

pr.inte.ry service areas. respact~vely. ID ot.ber respect.a, 

t.h~ handoff cont.ro1 system of Fig. 6 is similar in 

st:r:uct.ure an4 operation to that illust.rated with 

reference to Figs. 3 to S. 

While this 1nvenl1on has thus far been described 

with s~ecific reference to Figs. 3 to 6, i~ will now be 

readily pos~ible for one skilled int.he art to put_t.his 

invention into prac~~ce in various o~her manners. Por 

exampie, ~~ ~s poss:lble tha~ a satellLte commun~ca~£on 

ne~work 19 1ncluded either in the CDMA mobile commaniaa­

tion network or in the combination described in t.be 

foregoing. 

-· ·-
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1. A handoff con~rol me~ho4 for use in a code 

d~vision multip1e access mobile comnmnica~ion network 

comprising a aonLrol station ana firs~ and second base 

st.at.1.ons cou.nect.ed t.o said contorol st.at.I.on and having a 

service area in wh1cb a mobile unit. is movable and. which 

4-· ia~v14e4 into a pllU:ality of aalls iaalud!ng f iJ:llt and 

secoftil cells neighboring eac:b ot.her, sa14 hando!f control 

met.hod comprising t.ha st.eps of assig'ning first. an4 second . . 
service f requencles ~o sa1d first and said second base 

st.ations for traffic coinmunica~ion vS.~h sai.d mobile uni~, 

while said mobile un.it. 1• J.n aai4 :fS.~st. and. sa14 seaon4 

cells, detecting necessity of handoff be~wean said first 

and. said second service frequencies. aDd dealing with 

said handoff when said necassit.y is de~ected, 

cha~ac~erieea 1.n t.ha~: 
. 

sa1d assigning s~ep assigns said second service 

f requancy add1~1onally t.o said firs~ base eta~1on for an 

a1~erna~1~e use ~n said ~raffic communicat.J.on and aa14 

first S8"V1ce frequency to said second base station for 

~ransmi~ling only a pilot signal, 

9a1d Clealing s~ep dealing wit.h, while said mobila 

unit ~oves in aa~d fi~s~ cell ~owards said &eeond cell 

during the traffic communication wit.h said firs~ base 

sta~ion on nald first service frequency, handof£ f~om 

sai4 f irsL Bel':Vice frequency ~o said aecond service 

£requency when said neces•i~y is detected. 

--·- . 
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2. A band.off con~rol me~bod for us~ in a 

co.mb£nation of a code division mul~iple acces~ mobile 

cOJDDluniea~ion network an4 a neighboring mobile 

CO!ftlllQn1catinn netwo~k, said combina~ian comp~is1ng a 

ocn~ro1 s~atlon and f i~•~ and second base s~a~lons 

connec~ca to said control station ana having a common 

service area in which a mobile unit.is movable ancl wbiah 

includes ~ first. cell of said neiqhhoring 1DObile 

cODDDun.Leat.ion net.work and a secon4 cell n.eighbor1ng sa1.d 

firs~ cell 1n said code.divia1on mult~ple aacess mobile 

communicat.ion net.work, said ban.doff cont.rol met.bod 

comprising the st.epa of assigning f £rst and seconc1 

sel'V'lce frequencies to said first an4 sa1d second hase 

sta~ions for t.raf£1a communica~ion wi~h said mobile unit, 

while said mobile uni~ is in said first and said second 

eel.ls, aet.ec"t.1ng necessity of hand.off ·bet.ween said first. 

ana said second se~vice frequencies, and deal~ng with 

said handoff when aa14 nacesai~y is de~ect.ea, 

charactarised ih ~ha~: 

sai4 assigning step ass~gns sa1d second service 

frequency additiona11y to sa14 first baae s~a~1on for an 

a.lteJ:Dat1ve use in said ~raffle communica~ion and said 

first se~vice frequency ~o said second base s~a~iou for 

transmit.~ing only a pilot signal; 

said dealing step aealinq with, while said mobile 

un1t mo~es 1tt said first cell t.owards said second ce11 

during the traffic commun~cation·wi~h said first base 

a~a~ion on said firs~ ser•1ce frequency, han4off froa 

-- ·-· 
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said f lrs~ sez:v1ce frequency to said second service 

frequency when said necess1.t.y is det.ect.ed. 

3. A handoff cont.rol met.hod as claimed in c:l.aim 

l or 2, cha..t:act.erised in t.hat saicl deali~9' at.ep comprises 

t.he st.eps of: 

keeping in •ai4 control sta~ion a-table 

accessible by pilot info%ll'la~1on specific t.o sa~d pilot 

signal for iden~ifying said •aeon4 service freq~enc~; 

receiving as clet.ect1on of said necessity from 

sa14 f~rst. base st.at.ion an_ind1eat.1on indica~ing. 

t.oget.ber with aaia pilot info:rmatioa, that. a ~1eld 

intene1t.y of an elect.romagne~ic wave of said second 

service frequency becomes objectionable at said mobile 

unitJ an4 

referring responsive ~o said indica~ion t.o said 

tal:lle· ~o deal with the handoff .from said first seJ:ViC~ 

frequency ~o said second service f~equeney. 

4. A handoff control system for use in a code 

division ~ultiple access mobile commun1ca~1on network 

compr~s~ng a control station and f~rs~ and •ecoD4. base 

sta~ions connec~e4 t.o said control sta~ion and hav1ng a 

service area in which a mobile unit is movable and which 

is 4~v14ea ln~o a plurality cf cells 1nclU41ng't1rs~ and 

second ce11s neighborin9 each o~ber with said f~rst and 

sa1a seconct base stations assigned with fira~ an4 seeona 

service frequencies for traffic communica~ion w1~h said 

mobile unit While said mobile unit is in said first and 

·said secon4 cells, said control station comprising a · 

-- ·-
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control aevice for detecting necessity of h-.ndoff be~ween 

SAid f 1rs~ and said second se~vice frequencies ana for 

d.ealir1g wi t.h said handoff when said. necessi t.y is 

de~ected, characterised in ~ha~: 

said first base.station is a~it.ionally assigned 

w1~h "aid aecona service frequency for an alte~na~ive use 

in said t.ra:ffic comlllunic:alion; · 

said second base st.at.J..on comprising a pilot 

transmi~tiny device for transmi~t1ng only a pilot. signal 

on said first service frequency; 

said can~ro1 device dealing w1t.h, when •ai4 

necessity ia de~ec~ea while said :mobile unit moves in 

said f 1~at cell ~owar4s said second. cell during the 

~raffic commun1ca~1on with said first. base s~a~1on on 

said fi~s~ service frequency, handoff from aai4 ~irs~ 

service frequency to said second service frequency. 

5. A b.Qdoff oont.:rol syst.em. fo.r uase in a 

eombination of a code division lt\Ult.lple access mobile ·• ·-· 

COAUINnicat.iun net.work and a neighboring mobile 

comniun~cat~on ne~work, sa~d combina~~on compr~s~ng a 

cont.t:Ol .st.at1on and tirst. and second base st.at.ions .;, 

connec~ed to said con~rol sta~1on and having a COJlll'lon 

service area in which a mobile unit is movable and which 

lnc1udes • firs~ cell of said nei~hbozin9 lllOb~ie 

commun1ca~1on ne~work and a second cell neighboring said 

firs~ cell in said code division mul~igle aQcaas mob~le 

eomaunicalion network wl~h said firs~ and saia second 

base sta~ions assigned wi~h fi~•~ and secona service 

... ; ....... :· :.;.· :·. 
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frequencies for ~raffle communication with said DlObile 

unit wh.lle said lltobile unit. is in said first. and said 

second cells, said con~1'01 station comprising 0 a cont.rol 

de91Ce for detecting neeessity of handoff between aa14 

~~r•~ and sa~a second serv~ce frequencies and ror 4ea1ing 

wit.h said handoff when said necessity ta de~ec~a4, 

cbaracteriued ~n tha~: 

sald first. bass st.at.ion. 1'1 addit.ionally a1111gne4 

w~t.h sa~4 second service frequeacy for an al~ernat1ve use 

in said t.raffic communication; .· 
said eeoond base stat.ion comprts1ng a pilo~ 

trans•it.t.ing devic• for t.ransmitt.ing only a pilot signal 

oa •aia first. se:rv~ce frequency; 

said con~rol device aealing wit.h, when saJ.d 

necessi~y is detected while said mobile uni~ 11\0Vea in 

said f i~s~ cell towards said second cell d.Ur1ng t.he 

~raffle QOlllll•unicatton with said firs~ base sta~ian on 

said first_ service frequency. handoff from said firs~ 

se:cvice frequency to sa~a second service f~equency. 

6. A hanO.ot:C c:ont.rol ayst.em a& cla.t.med 1.n c1a1J11 

6, charilete~ised in tha~ said neighboring mob~1e 

cowaunica~ion net~ork is operable 1n accorctance wi~h 

o~her lhan a code division mu1tiple access ~echn~qQe ana 

is an analog mob~le eomm~nica~~on ne~vork. 

7, A ~andoff con~rol sys~em as claimed.in claim 

4 or S, characterised in tha~ said con~rol 4ev1ce 

COlllpl"1SeS: 

.... 

.... · .... -



11111111111111 lllll lllll ll 1111 
34 * C L M S * 

a memory for keeping a t~le accesa~ble .by pllo~ 

inf o:r:mation specific ~o said pilo~ signal far id•nt.ifying 

said second service frequency; 

rec"iv.s.ng means for receiving as det.ect.ion of 

said necessi~y from aa1d first base s~ation an indicat~on 

ind1cat.ing. together with sa1a pilot. 1nfo:cmat1on. th&~ a 

field int.ensity of a.n elect.romagnet.1.c wave of said fir•~ 

service frequency becomes objectionable a~ sa14 mobiie 

a.nit.; and. 

dealing .means by %eferring responsive t.o said 

ind1caL1on to said mQDlO:ry for dealing wi~h the hanc1.o££ 

from said ft~st. service freq~ency to •aid $eeond serw1ce 

frequency. 

8. A CODLrol stat.ion for use in· a code 4ivision 

mUl.t.iple access mobile eommun~ca~ion net.work coinPrisinq 

fix-st. and. second base st.at.1ons connect.ea t.o said contro1 

st.at.ion ana bav1ng a service area ~n which.a mobile un~~ 

is •ovable and which is divided int.o a plurali~y of cells 

inc1uding firs~ and secon4 cells neigbbo~~ng each other 

w.1t.h said f:Lt:st and said second base st.at.ions a.ss1gn.ed 
:;. 

w1~h firs~ and second aerv1ce frequencies for ~raffic 

comnwnicat.lun with sa1a !l\obile unit. while said··mobile 

unit is in sai4 firs~ and said second cells, said con~rol 

station aompria1ng a cont:i"01 a.vice fo~ ae~ec~iug 

necess1Ly cf band.off betwe~n aaid firs~ ana. said aecond 

service frequencies and fo~ dealing with said han4off 

when said necessity is cle~ected, oharac~erised in thatz 

, . 
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said f 1ret base aia~ion 1s a4d1tionally ass~gne4 
I 

with aa.i4 oocond oervice frequency for an alt.ernat.1ve·use 

~n said ~raff ic communication; 

said second base sta~ion comprising a pilot 

~ransm~~~~nv device for ~ransmi.~~1ng•on11 a pilot. siqna1 

an said firs~ service frequency; 

aaid control device dealing w~~b, wben said 

ne~essi~y is detec~ed while said mobile un~t. aoves in 

sai4 firs~ cell ~owards said second cell during t.he 

~raffic commun1cat.1on wit.h said fizst base s~a~ion on 

sa1d £~rst. service frequency, bandot£ from said fir•~ 

aei:vice frequency ~o said second 1exv1ce f%equency. 

9. A cont.rol ot.at.ion :for use in a combinat..ion o~ 
r 

a code divinicn lll11l't.1ple access mobile COllll\W'licat.ion 

network and a neighboring .laObile communicat.loA netwo~k. 

saia combination eomprisinq firs~ anc1 •econd. base 

stations connected to sa14 control s~ation ana havin9 a 

camraon se):V1ce area in which a mob1ie uni~ is movable an4 

~hich .is divided into a plu~ality of cells il'lClud.ing a 

f!rst oell o~ saia nei9hhor~n~ .mobi1e eOIRIQUA~cat.J.on 

net.work~and a second cell ~eighboring said firs~ ca1l in 

said code di~ision multiple access· mobile c:ommunication 

net.work with said first. and sa14 second.base st.at.ions 

assigned wi~h first and second serv1ee frequencies for 

traffic communication with •aid Mobile uni~ while said 

mobile unit is ln said firs~ and said second cells, sa14 

cont.~l st.at.ion. coJnprising a control 4evlce for det.eet..lag 

.. 
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necessity of.handoff beLwaen said firs~ and said saeo'l\4 

aervice f~equenc1es and for dealing with said hand.off 

when said rmcessi t.y is det.ected,. cha.ract.erised J.n t.hal: 

said fir•~ base s~aLion 18 adait~onally assigned 

v:lt.h: said sc~cond se:rvice frequent;y for an a1t.ernat.i.ve ll&e 

in aai4 traffic couununi~~~lon; 

oaid seco:nd base atat1on comprisin9 a pilo~ 

~ranSlllitting device for t~ansmitting only a pilot. signal 

on aa1Cl first. service frequency, 

said contro1 device dealing w1t.h. when said 

necessity is det.ec~e4 wbile sa14 lll0b11• uni~ moves in 

sa14 f irat cell towards sa14 second cell during the 

~~affic commun.1ca~1on with said first base st.a~tan on 

sa14 ~1~s~ sel:Vice frequencyr handoff from said first 

service f~equency to said second serv1ee frequency. 

10. A con~rol s~a~iou as claimed in elailn 8 ·O~ 

· g• chaxac~erioe4 in ~ha~ ~aid con~rol 4evice comprises: 

a memory fo~ keeping a ~able accessib1e by p1lo~ 

info:anation specific t.o said pilo~ sig4al for ident.i£yin~ 

said second aez:v~ce frefiIUency; 

:receiving means tor receiving- as det.ect.1.on of 

aaid necessit.y from said first base s~a~ion an 1n41ca~1on 

indicating, together with said pilo~ infoi:mation, tha~ a 

field in~enal~y of an electromagne~ic wave of said second 

Ael:Vice f~equeney becomes objee~ionable a~ said mohila 

unit.; and 

dealing means by referr1ng respons~ve ~o sa~d 

indicat.ion ~o said memory for dealing ~L~h ~he handoff 
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~ram said f :J.rst service freqnenc;::y to said sec011d service 

frequency. 
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