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METHOD AND APPARATUS FOR RELI ABLE | NTERSYSTEM HANDOFF I N A
CDVA SYSTEM BACKGROUND OF THE | NVENTI ON eld
of the | nven\voggﬁ’“m The present invention relates gener a{ﬁg’”l?&g

cel lul ar comuni cati ons 10 systems More particul arl y, t he present

I nvention relates to a nov Aﬁgﬂjﬂ;}gﬁ&? g handi ng of f
comuni cati on between base S a systens.

1. Description of t & L& YST Aﬁbég ’:’Néode di vi si on
mul tiple access (CDMA) nodul ati on CDMPAeSYSTEN i s but one of several
techniques for facilitating comrunications in whi ch a | arge nunber of

i vi ol onmil 1 ple” acoess BAGKEROUNFLOETHEIGVENTION" ° 1 T2
ivision®multiple access mul tiple
access (FDMVR) ar significant advantages over t hese
ot her nodul ati on l&E‘ﬁﬁFa Mgﬁse of CDMA techniques in a mul tiple
access comuni catjon systemis dLscI osed in U 'S, Paten . 4,901, 307,
entitled "SPREAD %@mﬁm t/visTIgn generaliy iade foQOS‘.@PB%F%BP
SATELLITG ORyste-STMote par ncuBEBEAEHéR res@ﬁsirwmﬁldm tdlatessty @anaevel ine
pr esent |nvent|on th f which.i orporated h reln b¥
Pefor once. . Hmproved techniqueor HARHE Gfb SO URFALOT, HRIAERI BAdg SEAans O

t echni que i sliffeseitosediilamsystemswhi ch a | arge nunber of nobile tel ephone

system users, each having a transcei ver (also known as a renote unit),
communi catenhroqusé.p‘;t%,{ ol thedReldte@ters or terrestrial base stations
(al so kngwn as base statlons or cell -S|tes) usi ng CDVA spread spectrum

communi cation si gfal s, tls&%% CVAon m l ggggsg W&chﬁwﬁﬂﬁ%n

spectrum can be reuse‘d rru? tTmes. The use o ues
results in dechniquis ihbut gpe@ﬁrsavemﬂ tedirdques forfrcilitating communiq:auwed in

usi ng ot her Mi&'a{’la"rg@?ﬁﬁﬁﬁeﬁ SPE%tﬁg'ﬁ Edsdrl Ute RibEBr! 'ﬁﬁh?ﬁéﬁ%t}\éf‘ﬁc‘fﬁﬁﬁubg

system user capacit conventirgnal FM ce ar te
syst ens usedUght A ritlme divisionyn malgipde o pecess s(IdMfbhl gndafredyense dixigird

Mobi | e mlonenﬁmpdbcmess (memﬁBShre Rigwirs CBIMA &ds isigriifieaht cara!v@ntdgasSbWr
Associ ation éan g‘ ﬁtm égm l\/bbltﬁ Statiagn m%ﬁgﬁﬁh‘gn .
Compat i bi | i £)°5pE5eT JAPRBIRCN nfegBNITuSTeh TR ot G
t el ephone sysuliplet haccassi raimmeuhicatioencysystem Handlisdoskid/i dmd Wi o Patent
channel s typg6.ad, 901,56, eRtitled! 2 "sPREADN DMEMRUM ThRIULTIPLE  ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
25 REPEATERS", assigned to the assignee of the present invention, the
disclosure of which is incorporated herein by reference.
In the just mentioned patent, a multiple access technique is disclosed in
which a large number of mobile telephone system users, each having a
transceiver (also known as a remote unit), communicate through satellite
30 repeaters or terrestrial base stations (also known as base stations or cell-sites)
using CDMA spread spectrim communication signals. In using CDMA
communications, the frequency spectrum can be reused multiple times. The
use of CDMA techniques results in a much higher spectral efficiency than can
be achieved using other multiple access techniques thus permitting an
35 increase in system user capacity.
The conventional FM cellular telephone systems used within the
United States is commonly called the Advanced Mobile Phone Service
(AMPS), and is detailed in Electronic Industry Association standard
EIA/TIA-553 "Mobile Station - Land Station Compatibility Specification”. In
40 such a conventional FM cellular telephone system, the available frequency
band is divided into channels typically 30 Kilo Hertz (kHz) in bandwidth. The
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Handoff is then initiated by selecting an idle channel from the channel set

used in the target base station. A control message is sent to the remote unit

commanding it to switch from the current channel to the new channel

30  supported by the target base station. At the same time, the system controller

switches the call connection from the active base station to the target base

station. This process is referred to as hard handoff. The term hard is used to
characterize the 'break-before-make' characteristic of the handoff.

In the conventional system a call connection is dropped (i.e.

35  discontinued) if the handoff to the target base station is unsuccessful. There

are many reasons that a hard handoff failure may occur. Handoff can fail if

there is no idle channel available in the target base station. Handoff can also

fail if one of the neighboring base stations reports receiving a signal from the

~ remote unit, when in fact the base station actually is receiving a different
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type of han be consi ed as a "soft" handof
concurrent €8BI cati ons S established with the target base station
whi ch becones a $@q9iSd FagéntVNRB;H01,501, erttithid SMEFHOD® AleS'EEMFFM{th

oo 28 SEROTIINE L SOEE AR, B ‘covunicaTighis o SpeA

entitled "MOBLLUJIARTTEDERPHOISESYSTHEM" Habibek ManthA31l, 1992, ¢biith is aSkiginddAR
COVMUNI CATI the assignee of the eseiig%ﬁ%no '%\?}H&ﬂod anji #gy&{{bg{ e dibcldse 3

her ei naft er ePT el TO as assi gne
t he assi gne@roprqméxr;g sgmmunmaém cmt |thet Jeanasesunth thropgh mpge then one

patent, t heb§éf¥ §tﬁﬂéﬂ®ﬁﬁn [R6 S d o¥f ©F At CﬂMSAdcélliS a9sifl ﬂ%@&yﬁéfﬁnh%ébfft he
Stati oS tcgn\mﬁvﬁ}cﬁt%ﬁQ%\?@%ﬁhgﬂq@g@ PR i BRI RrTHSEd, DY ahe haRarl
the soft hafideh fthe active base station to the target base station. This type of handoff
may be considered as a "soft” handoff in that concurrent communications is
established with the target base station which becomes a second active base
station before communication with the first active base station is terminated.
30 An improved soft handoff technique is disclosed within U.S. Patent
No. 5,267,261, entitled "MOBILE STATION ASSISTED SOFT HANDOFF IN A
CDMA CELLULAR COMMUNICATIONS SYSTEM", issued
November 30, 1993, hereinafter referred to as the '261 patent, which is also
assigned to the assignee of the present invention. In the system of the '261
35 patent, the soft handoff process is controlled based on measurements at the
remote unit of the strength of "pilot” signals transmitted by each base station
within the system. These pilot strength measurements assist the soft handoff
process by facilitating identification of viable base station handoff candidates.
Remote unit assisted soft handoff operates based on the pilot signal
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termination of communication through the first base station. This process

can continue with additional base stations.
When the remote unit is communicating through multiple base
stations, it continues to monitor the signal strength of the base stations of the
30 Active Set, the Candidate Set, and the Neighbor Set. Should the signal
strength corresponding to a base station of the Active Set drop below a
predetermined threshold, T_DROP, for a predetermined period of time,
T_TDROP, the remote unit generates and transmits a message to report the
event. The system controller receives this message through at least one of the
35 base stations with which the remote unit is communicating. The system
controller may decide to terminate communications through the base station
having a weak pilot signal strength.
The system controller upon deciding to terminate communications
through a base station generates a message identifying a new Active Set of
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For Ca&S trs(fjlt?esr]:ge %is still below the T_DROP level, the remote unit initiates removal of
the corresponding base station from the set to which it currently belongs. The
Active Set versus Candidate Set comparison threshold, T_COMP, sets the
amount by which the pilot signal strength of a member of the Candidate Set
must exceed the pilot signal strength of a member of the Active Set to trigger a

30 PSMM. Each of these four parameters is stored in the remote unit. Each of
these four parameters can be reprogrammed to a new value by a message sent
from a base station.

Although the foregoing techniques are well-suited for call transfers
between base stations in the same cellular system which are controlled by the

35 same system controller, a more difficult situation is presented by movement
of the remote unit into a coverage area serviced by a base station controlled by
a different controller. When a handoff must be made between base station
controlled by different controllers, the handoff is called an intersystem
handoff. One complicating factor in such intersystem handoffs is that
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These and other shortcomings of existing intersystem handoff
25 techniques impair the quality of cellular communications, and may be
expected to further degrade performance as competing cellular systems
continue to proliferate. Accordingly, there is a resulting need for an
intersystem handoff technique capable of reliably executing the handoff of a
call between the base stations of different systems.

SUMMARY OF THE INVENTION

30

The present invention uses two collocated base stations to facilitate

hard handoff from a first base station controlled by a first system controller to

35 a second base station controlled by a second system controller. Both base
stations provide substantially the same coverage area, therefore, a hard
handoff from one to the other is predictably reliable anywhere within the
coverage area. The two base stations use PN codes offset from one another by

a predetermined amount so that the remote units in the common coverage

40  area can distinguish the two signals. In order to reduce the amount of co-
interference between the base stations, one of the two base station is
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25 FIG. 3B show a highly idealized representation of the hard and soft
handoff regions of a CDMA system;

FIG. 4 depicts a cellular communications network in which a set of
border coverage areas each include a first and second co-located base station
respectively associated with a first and second cellular system; and

30 FIG. 5. depicts base stations from two different systems and is used to
illustrate the handoffs which occur as a remote unit moves between coverage
areas of the various base stations.

35 DESCRIPTION OF THE PREFERRED EMBODIMENT

An exemplary illustration of a cellular telephone system, a wireless
private branch exchange (PBX) system, a wireless local loop (WLL), personal
communication system (PCS) system, dispatch system or other analogous
wireless communication system is shown in FIG. 1. In an alternative

40 embodiment, the base stations of FIG. 1 may be satellite based or airborne. The
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in signal. In the preferred embodiment, the pilot sxgnal is an unmo dulated,

direct sequence, spread spectrum signal transmitted continuously by each base

25  station using a common pseudorandom noise (PN) spreading code. Each base
station or base station sector transmits the common pilot sequence offset in
time from the other base stations. A remote unit can identify a base station
based on the code phase offset of the pilot signal that it receives from the base
station. The pilot signal also provides a phase reference for coherent

30 demodulation and the basis of the signal strength measurements used in
handoff determination.

Referring again to FIG. 1, system controller and switch 10, also referred
to as a mobile switching center (MSC), typically includes interface and
processing circuitry for providing system control to the base stations.

35 Controller 10 also controls the routing of telephone calls from the public
switched telephone network (PSTN) to the appropriate base station for
transmission to the appropriate remote unit. Controller 10 also controls the
routing of calls from the remote units, via at least one base station to the
PSTN. '~ Controller 10 may direct calls between remote units via the
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term forward nk refers to the connectlon from the base station to the remote

unit. Generally speaking, the term reverse link refers to the connection from
the remote unit to the base station.
In the example illustrated in FIG. 1, remote unit 18 may be considered
30 to be in the coverage area of base station 16. As such remote unit 18 tends to
receive the pilot signal from base station 16 at a higher level than any other

pilot signals it monitors. When remote unit 18 initiates a traffic channel

communication (e.g. a telephone call), a control message is transmitted to base

station 16 from remote unit 18. Base station 16, upon receiving the call

35 request message, signals controller 10 and transfers the called telephone

number. Controller 10 then connects the call through the PSTN to the
intended recipient.

Should a call be initiated from the PSTN, controller 10 transmits the

call information to a set of base stations located in proximity to the location- at
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25  station 12 assign resources to the call. In the preferred embodiment, base

station 12 assigns a channel element to process the call and reports such

assignment back to controller 10. Controller 10 informs remote unit 18

through base station 16 to search for a signal from base station 12 and informs

base station 12 of the remote unit traffic channel parameters. Remote unit 18

30 communicates through both base stations 12 and 16. During this process the

remote unit continues to identify and measure the signal strength of the pilot

signals which it receives. In this way, remote unit assisted soft handoff is
achieved.

The foregoing process may also be considered to be a "soft" handoff in

35 that the remote unit simultaneously communicates through more than one

base station. During a soft handoff, the controller can combine or choose

between the signals received from each base station with which the remote

unit is in communication. The controller relays signals from the PSTN to

each base station with which the remote unit is in communication.- The



between renote unit 18 and base station 12. Controller 10 requests that
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second cellular systems. The remamder of the coverage areas within each
system are referred to as internal or interior coverage areas.

A quick examination of FIG. 2 reveals that controller 112 does not have

direct access to communicate with base stations 102A - 102E and controller 100

30 does not have direct access to communicate with base stations 108A - 108E. As

shown in FIG. 2 controllers 100 and 112 can communicate with one another.

For example, EIA/TIA/IS-41 entitled "Cellular Radio Telecommunication

Intersystem Operations,” and subsequent revision thereof, define a standard

for communication between switches of different operating regions as shown

35 by intersystem data link 34 in FIG. 2. To provide soft handoff between one of

base stations 102A - 102E and one of base stations 108A - 108E, call signal and

power control information has to pass between controllers 100 and 112. The

nature of the controller-to-controller connection may not support the transfer

of such data. Also, the architecture of the system controlled by controller 100



In what follows coverage areas 104C - 104E and coverage ar eas
110C- 110E may be referred to as border or transition coverage areas 25
because these coverage areas are proxi nmate the boundary between the first

and R 8HP623%| | ul ar systens. The r&minder of the covetQHUSY/BEY
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signal levels .the renmote unit and the reporting thereof to base
station 102D using a () gn&fontrollerst 1o graquestss sanngl s spsoureesquandy renot e
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base station 108k 34;controller 100
(iii) Controller 112 responds to the request by furnishing
information to controller 110, via intersystem data link 34, which
identifies the channel on which communication is to be
30 established as well as other information. In addition, the
controller reserves within base station 108D the designated
channel for communication with the remote unit and the trunk

resources;
(iv) Controller 100 supplies the new channel
35 information to the remote unit via base station 102D, and

specifies a time at which the remote unit is to begin
communication with base station 108D;

(v) Communication is established via hard handoff
between the remote unit and base station 108D at the specified



which is aware that base station 108D is controlled by

controller 112; (ii) Controller 100 requests channel
resources a intersystemtrunk,facilities between E’?ﬁ’ 3869
syst ens frorngg/gs station 108Dﬁ hrough control |l er f over
I ntersystem data i nk 34; (iii) Controller—

112 responds to tfigef gAgest by furnishing inforrration to
controller 110, via i system in ntifies
t he channel on which rckb’am '%tlr?ﬂ %5 qj:‘jgpvglegges qo CO%E'PQﬁl Gs wel |
as ot her i nfor matsuefessflntrafsitionat, thel®emote unit into e by steher reser ves

wi thin base station 108D t he desi gnated channel for

communi cation wi @xl%g?fffcﬁ t%xﬂﬁnﬂﬁ% %%ﬁégva\ tiécgfg%’cn le)FseS station 16815 ?}%{?geﬁot as

(1v) Oontroller suppl 1 es ) ntornati o
to the renotyst baireceivingm sisablesiged leyeb fremdthe remote unit;p &Ferfthisson orthae

at whi ch t heefyat Senétallyi SssbeiaRRDWith hard handoﬁo@ﬁé'@aﬁaébﬁ‘ﬂeé’ﬁ&r{" ﬁaﬁebe
station 108 ni catlo is estaplis ed&%/

handof f E)iropped dring the Pﬁ%ceﬁée})ﬁr@na osgontrefen B

speci fi ed connectlon m\@opﬁé@ﬁa?@@rror message rather than an écl&owledrgment is
PCT/ USQ7( 1386 fr ggrr{a r{ 1 00. (vi) Controller 112
acknow ge§e‘% oghCPBiTeer 148 1o eontroller 1 successful transition of the
renmote unit i nt 0 Arethey difficulty in providingOfier Hafd itaaridoff ié tthe titdtare g tteeh
IS that bas o] 0 Y, r Y sabl e nal
| evel from ? g egoﬁafm%ééré E’f}?@e &P @st&ﬁ ﬁfgasgﬁg genetal P§ﬁ &
associ at ed AMBShdmcmmge frea peedap |regmmm.r@ﬂx¢mbrqmi The covevagedrea

during the B&@ﬂ@gs:egfoﬂ (P Skl ROWRRH EGﬂnrﬁQnEQHBﬁCHaheBe Js @?R{OH dt Bérveédid

connectjion is er nmessage r an an _ac ment 15 10
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| de
150 and basg‘%f %‘5 g’rhg rever e m re ers to the connecn n feom e remote
unit to the base station.) Within region 160, the signal strength from both

base station 150 and base station 165 is a sufficient level to support

25 communication with remote unit 155. Note that due to the nature of the FM
system, base stations 150 and 165 cannot communicate simultaneously with
remote unit155. When a hard handoff from base station 150 to base
station 165 occurs within region 160, a new frequency is used for the
communication between base station 165 and remote unit 155 than was used

30 between base station 150 and remote unit 155. Base station 165 never
transmits on any frequency used by base station 150 and thus base station 165
provides nominally no interference to the communication between base
station 150 and any remote unit with which it is in communication.
Boundary 182 indicates the location beyond which communication from base

35 station 165 to remote unit 155 is not possible. Likewise boundary 188 indicates
the location beyond which communication from base station 150 to remote
unit 155 is not possible. Obviously FIG. 3A, as well as FIG. 3B, is not drawn to
scale and in reality the coverage area overlap regions are relatively narrow as
compared to the total coverage area of each base station.



20 capable of providing forward and reverse |ink FM conmmunication to
r enot e unit 155. (The forward link refers to the connection fromthe
base station to the renote unit. The reverse link refers to the
connect i onMO 9623 renvt e unit td% he base station.) PRHYOH1388i on
160, the signal strength from both base station 150 and base stat-l on
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area of a mlglh Ba3e, the Slg“@%l\%téﬂtgfht frem bpte bgﬁ%jﬁt'i‘ltlolnew émﬂ hage statiore 208se
Siai ion fajl sﬁfﬁh&gﬁ‘ folsfp eﬂerr]&enmumcaﬁ@;vewmr eemb&]f: ﬁﬁughmr éia%t%ﬁ if
stat i i ncr ease.. Bacause I,NCr.easi erference from the

e ohBlr DCRBTRICRBAR If SHAYLSREHGGrIER  Ghiorores fphiserEaton 200G fase
connect i onstatibned5. t hBepohd veobaderyt 284, onomrﬂuhmatmot}a-oulght only base
become je T ti S I r{HeZ nal
ades w ¢ rRHSRAR® jsohpy, JOHARE,  DRRIEBErAA Podidly e Ebmimubiydof 2
nei ghbor bﬁgeughaanlyrbaswtahon 200 jx ot pabiable.a hi ghly i deali zed

representation Rf % nbgq\‘ﬂ%ﬁsﬂ?b %d%re resen?@ﬁ@a?éa%tlh%h%ﬂoitfi‘é‘ﬁk drase
statlgg 205 are c CDVA
c

I'e _of’ "provj and reverse |1
CommuAPcatd oFFTRete: ditte irin 508 dh?/ﬁ?‘il‘l’ﬁ? \‘\’%EWR%%t base” stations 200 and 205.
Establishing communication through both base station 200 and 205 improves

the overall reliability of the system even if the communication link with a
remote unit within region 175A to base station 205 is not reliable alone to

support communication. Beyond boundary 180, the signal levels from base
30 station 205 are insufficient to support communication with remote unit 155
even in soft handoff. Beyond boundary 190, the signal levels from base
station 200 are insufficient to support communication with remote unit 155

even in soft handoff.
Note that FIGS. 3A and 3B are drawn with reference to each other. The
35 reference numerals used to designate boundaries 180, 182, 184, 186, 188,
and 190 increase in value with increasing distance from base station 150 and
base station 200. As such, the soft handoff region between boundaries 180
and 190 is the widest region. The FM coverage area overlap region between
boundaries 182 and 188 lies within the CDMA soft handoff region. The



region 170, the si gnal strength from both base station 200 and base station

205 Is sufficient to support comuni cation with renote unit 155 even
if 20 COMINY on is established with,only one of base stgdi/es97A38690"
base statsl%g%onOS Beyond boundary 1@ comuni cation through only

base station 205 is not reliable. Likew se beyond boundary 186
communi cat i @DMA  'hatr8" Ohard shfl Wégiéﬁ sisatthen 206t i arodwr etegibhe. between
Regl ons 175 170, ailgl 17§§Pgepresent the areas in which it is likely that
a renpPeunAnties 184 * handof f between base stations 200 and 205.
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comuni cat i ggpkserdavoil bikeder diffitrltiesdusingneblicated dtasestafilths ¢o ledfeet hard
station 205, a,hard handoff from base station 200 to base station 205 needs
to be hyadg ?{ed Note that the renmote unit nust be |ocated in the CDVA
har d handof Refergingn toetFliGen4bdhatkar iseshogvwn aad cellelarn eamnusniradions
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i es |nthe
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controlled by controller 140 and providing coverage areas 134A and 134B

respectively. Because coverage areas 126, 128 and 130 each comprises base

stations under the control of both controllers 120 and 140, network 40

provides sufficient signal strength to allow an intersystem hard handoff to be

30 made anywhere within coverage areas 126, 128 and 130. In the preferred
embodiment, the base stations may actually share certain equipment. For

example, the base stations may use the same antenna, receive low-noise

amplifier (LNA), transmit power amplifier, frequency up/downconverter,
and IF subsystem. In addition, certain channel units (i.e., modems) used in
35 baseband digital processing may be used by both collocated base stations.

In the preferred embodiment, the collocated base stations share a
common set of receive and transmit antennas. Two advantages are gained by
sharing a common set of antennas. Sharing antennas ensures that the
coverage area ‘corresponding to each base station is substantially the same.



seeks to avoid these difficulties using collocated base stations to effect

har d handof f . Referring to FIG 4, there is shown a
cellular c tions 20 network 40 in which are |nclud

second cel ﬁv% gﬁ’stems under the c¥ntrol of controllers %gﬁéﬂgﬂmo
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base stations which are controlled by the same system controller as the

passage-providing base station.
FIG. 5. shows a "side view" of base stations 122B, 122D, 132D, and 132A
shown in FIG. 4. FIG. 5 is used to illustrate the handoffs which occur as a
30 remote unit moves between coverage area 134A and coverage area of 128 and
coverage area 122B, each also shown in FIG. 4. Base station 122B provides
signals as directed by controller 120 as indicated with thick arrows. Base
station 122D provides signals as directed by controller 120 as indicated with

thick arrows. Base station 132D provides signals as directed by controller 140

35 asindicated with thin arrows. Base station 132A provides signals as directed
by controller 140 as indicated with thin arrows.

In this case, base station 122D has been designated the service-providing

base station and base station 132D has been designated as the

passage-providing base station. In FIG. 5 two soft handoff regions are



15 base stations 132C - 132E and, therefore, a renote unit located within

one of coverage areas 126, 128 and 130 is subject to hei ghtened
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132B S| EERAOT 2 iy eRisEn 2ty an@oft; Retwisen bpsq stadion 1324 and dbase
station 132tetier 132D. Note thit theepilot Gignglpfrom daseseitat i122D a8 aisd bef t
handof f . 224 from base s Lan
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i s conmuni é’szme member of the Active Set. If base station 122D is a member of the

Neighbor or Remaining Set, the remote unit, the base station or both may
simply ignore the pilot signal strength information corresponding to base
station 122D. As the remote unit moves further into the coverage area of base
30 station 132D, the signal level from base station 132A falls below T_DROP and
base station 132A is no longer a member of the Active Set. When this occurs,
passage-providing base station 132A sends the remote unit a command to
perform hard handoff to base station 122D. To perform the handoff simply
requires co-ordination of the resources between controller 120 and
35  controller 140. Because the two base stations are collocated, the decisions as to
whether, to which base station, and when the hard handoff should occur are
already answered. In the preferred embodiment, handoff is made when the
Active Set is comprised solely of passage-providing base stations. Handoff is
made to the base station or base stations collocated with the members of the



in the systemcontrolled by controller 120 and the | ower |evel indicates
that a 15 renote unit at that location is comunicating in the system

controlled ‘W) controller 140. Transition line 230 pertains to a
renmote uni tVPraP8¥ng avay from bad8 station 122B and F&ERAIY7ABER
station 132A while transition |ine 232 pertains to a renote unit -
travel ing Chad t,0 on ,122B.
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ﬂeYtli’ét TotS#ighaD Gerenig e Cigyf ti

[ n th ef er I e @ WE{\I? ° haggahando orma 1§n Cgﬁrﬁggéﬁﬂgﬁet%%%ct ive
Set HoX : terbale e Boves Firthssintd the Coyeragerea o
sti rrul us csﬁaltxdmalaﬁi) behexsrgﬂlal hawehlfﬁdmﬂﬁsélafadxdiamffallfbélow T_DWHJ\G,
hard hando er or both of
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base station 1 éx cee iol d. Hard handof f
coul d occur wheH efeﬁll'“gtﬁdllmltéi%ltlfﬂeént%ggﬁebltfawarﬂ\th@ZAVémlgesamelafvbasel 0

threshol d. station 132A, it WHED éveh®i@NE BAldr irSgioh (419, COXET
122B .and nters,re |o§ﬁ} 210r regioh ers so‘?@ ﬁﬁeﬁpﬁﬂgetv\een

E;g;l 2?at i qu% tgnﬁ' Beilstgward b e station '132h %n}ore 1t reaches oundary 226, it

must hard handoff to base station 132D. As noted above with reference to
FIG. 3B, the connection between base station 122D and the remote unit
becomes less reliable as it moves toward base station 132A because the signal
level from base station 122D is decreasing while the interference from base
30 station 132A is increasing. Before the connection becomes jeopardized a hard
handoff from base station 122D to base station 132D is performed. After the
hard handoff is performed, the remote unit may enter soft handoff between

base station 132D and base station 132A.
The hard handoff to passage-providing base station 132D may occur
35 based on a variety of stimulus. For example, even though it cannot become a
member of the Active Set until after the hard handoff is made, base
station 132A may become a member of the Candidate Set. As the remote unit
approaches base station 132A the signal level from base station 132A exceeds
T_ADD and base station 132A becomes a member of the Candidate Set. When




station 122B. Note that the pilot signal from base station 132D nmay al so be
detected by the rerfote unit. In the preferred enbodi nent, base station 102D
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aside from T ADD. In the preferr enbodi nent, t1
made when b&@@g‘) contrals the passpgeRTBRidREDaseRtABRR T8FeIVA Serykesi iapughethe

Because thepagsageapsoviding babat itefionar eAtloldtheat fnotehauniesi fdceife aserhce
PR § oo M e o
stati on conwhikhesbfbhanteffcisrpassibleis gheatly exaggerated as compared to the total
size of the coverage areas. Thus, the amount of interference to the majority of

remote unit within the common coverage area is kept to a minimum.
The another advantage is the existence of hystersis in the hard handoff
30 process. For example, remote unit 216 is located within the hysteresis region
of the hard handoff process. Without knowing the prior location history of
the remote unit, one would not know whether remote unit216 is in
communication with base station 122D or base station 132D. The hysteris is
important because the systems operates most efficiently when the minimum
35 number of hard handoffs are made. The hysteris avoids the situation where a
remote unit "ping-pongs” between the two systems. For example, if there
were no hystersis, a remote wunit may hard handoff from the
passage-providing base station to the service-providing base station and
immediately upon the transition be eligible . to handoff back to the
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{ﬁre"’ B e HF, e b pum i B! e BysiHeafea, TOF cxample, the
value of T_DROP may be lowered so that the probability of a pilot signal level
exceeding the T_ADD threshold shortly after falling below the T_DROP is
minimized.
There are many variations of the present invention which are within
30 the scope of the present invention. For example, the present invention works
well in conjunction with a sectorized base station configuration. If a
sectorized configuration is used, the signal power of the passage-providing
base station need only be provided in those sectors which have coverage areas
which border the system boundary corresponding to the passage-providing

35  Dbase station.
The previous description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be



10  according to arrow 230. Note that the renpote unit does not conplete a
har d handoff until the renote unit reaches the hard handoff transition
| ine on r 230. Therefore, if a renote unit follow ngdrgsoRAidie

i ndi cat ed HVO%ng rrow 230 noves just p&%t the transition Iine on arrow
230, conpletes a hard handof f, and then reverses its direction of

trav?al ; it ;g?%ﬁﬂ“ﬁ@g{eﬁtérgg??ﬁnéxﬁs wﬁfiéﬁf@Béfl%e\dfttll‘\e&ﬁﬁ/@?ﬁt&ﬁifacfﬁﬂdy.dqaﬁ_ t_:sElOt
conpl ete an er ar anqgorrt . unl ess, | raxel. S e ansi tl on
line indi cdhe BIES§pf divention 1s not m en‘i&%o"P Sa?ga%‘c‘éediogﬁo&%? sbpRiments
preferred ghbog ridtein ibut & tddeasciorded the widest seope aonsistérdsavithathen

entries fromthe, Candj dat e, and Active Se . respectively which sets the
I'ocati on ofprf%p{ersm A3l fqag‘é’éeso‘?fsglpfgé\}ef%ﬁo and 232. The threshold

val ues FJADWEICLARME and TDROP set the point at which the entries are
added to the Candi date Set and renoved fromthe Active Set
respectively. As noted above, T _ADD, T TDROP and T _DROP are paraneters
stored within the renote unit and set by the base station. Ther ef or e,

in the collocated base stations the |l evels of TADD, T TDROP and 25 TDROP
may be mani pulated to control the hysteris area. For exanple, the

val ue of T _DROP may be | owered so that the probability of a pilot signa

| evel exceedi ng the TADD threshold shortly after falling bel ow the
TDROP i s m ni m zed. There are many vari ations of the
present invention which are within 30 the scope of the present invention.
For exanple, the present invention works well in conjunction with a
sectorized base station configuration. If a sectorized configuration
is used, the signal power of the passage-providing base station need
only be provided in those sectors which have coverage areas whi ch
border the system boundary corresponding to the passage-providing 35 base
station. The previous description of the preferred enbodi nents
is provided to enabl e any person skilled in the art to nake or use the
present invention. The various nodifications to these enbodi nents w ||
be readily apparent to those skilled in the art, and the generic
princi pl es defined herein may be WO 98/ 06230

21 PCT/ US97/ 13869 applied to other enbodi nents

W t hout the use of the inventive faculty. Thus, t he present invention
is not intendéd to be [imted to the enbodi nents shown herein but is to
be accorded the wi dest scope consistent with the princi pl es and novel
features disclosed herein. 5 WE CLAIM
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CLAI M5 1. A conmunications network in which a network user
comuni cat through a renpte unit with another user v t one
base stati S’i‘,”%’é‘.za" communi cati ons 4etwork including a #%@%9-)&@
switching center for 4 control ling conmunications through a first set

of base stations and a second %m\%tchi ng center for controlling
comuni cations through a second set ase stations, said network

conpri si ng: 1, A comn@xﬁ&ﬁiﬂr@%&%ﬁ-k%“ﬂhmﬁﬁ RO R RusE P ol Biess ai
first nobile sw.tchi ng 8 ce ter for providi ggdserw ce.to a first

transi t4 onﬂwmhagerem%tg uBjtnyl ther user via aidgastrefinbase stationiesaid
wher ei n Sabé'ni‘mﬁﬁicatiroa@sIﬁet%rlaoy:waamgﬂr@ahfbef mtiled shitchib@unebatar bRirween

f t trolled d,f t d
cccond sy St ORTEOME GPRUGURFRLATS LHaiED AdBet SeCd) Pesh Hatienand 2 pegondng
a pasa age ﬁ{obt»lleds?ﬂchhsgacatter ifon com‘rbnhig edub%urfxftadfatecthmhgtfolal seohd set
SWI t chi er \i ice. sai irst transition area usin

wseBEﬁasﬁ)gt@%&Rga?%g%eﬁ%osg% &ﬁgset in time by a first anount :
f romsaid 16  hisesvicpprovisling dbase stitiom cudeolledhby said ﬁa$m|mhﬂsasg~atchmg _
provi dighg paser %?édr%@:dmg %eﬂ%&";&"fs ?s‘%r%ﬁs‘u‘nbﬂ @o(r %Qgﬁ%ﬁ%\,\% {Jstsa' d

renote unit I's en ansition covera
exi ting sapseudemsnd ows\pm ede \sfhsm;ntsaﬁ% iggt fransition @meaage area defines ai on

cover 3ge abganvhity BebWbeR 'ﬁ%r%bﬁstéﬁ@‘éﬂﬁtz%ﬂ%ﬂe said first mobile? swf&‘hn
network of claim’] wherei,n said servbﬁa rowéd g ?ase tati.o

sai d passafEigF 80 ?%:OBQS%’SEGE%FPBHO by sai qzléthc%mg center, 3.

The ngwor kndf claim 1l wherein said renote unit neasures a pil ot 2

; I : d i. d d ilof.

Sional " BoEnitet Py ik BRe R [hmBRlied b8 A SieRe” mebite

4. Thd 4net swifchifg cknten fzwmm\edmg aegvicentst saigh fxrsfcmp\sxtm arehj gsingfa 2

act ive basse%hgt ?Qé’hdé}faﬁuai’n WS c5AEBHRLCH] | ok %{r hﬁhﬁ’z ofin 3sdif St
Su

e base stations having a sig I cl ent
st rendth t rﬂsp%@mdogﬁn om NOIENEAM, VEREIEHN bﬁftl maﬁﬁa&mpw@mem%ﬂnl s

not establp ﬁ@ﬁiﬁes sgrvu:e to a remdte u'HlEoﬂBf ¥ogalid Q%nﬁitélluﬁlﬁxswéﬁ!ﬂe?iﬂg Eﬁ%‘iﬁnﬁﬁs}%l dk
servi rovi di.ng base hds an, es on Jin
wth 9% O Pensitioh, APy erags ares Whhe LitRE SAf1 5SS, sPHEE, SRR T fouext
further fosaidefic tpresitonoeverage ased awhilelenteriagotaéd wecond systamof f

comuni cation to said passage providing base station when a base

station control I ed by said_second npbil] e sw tching center, other
. The network of claim 1 wherein said service providing base station

2 and sa1d passage providing base station share a common antenna.

3. The network of claim 1 wherein said remote unit measures a pilot
2  signal transmitted by said service providing base station and a pilot signal
transmitted by said passage providing base station.

4. The network of claim 3 wherein said remote unit comprises a list of
2  active base station through which communication is established and a list of
candidate base stations having a signal level of sufficient strength to establish

4 communication but with which communication is not established.

5. The network of claim 4 wherein when said service providing base

2  station has an established communication link with said remote unit, said
service providing base stations is further for sending a command to said

4  remote unit to handoff communication to said passage providing base station
when a base station controlled by said second mobile switching center other

AT
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6 than sai d passage providing base station has an entry on said |ist of
candi dat e e stations at said renote unit.

net wor k of B’Paﬁﬂm% erein when sai d pas&hge providi ng base v ,gggt@??sogn
has an established communication |ink with said renote unit, said

passagegpr oy $d ?%%f‘ag?ﬁv%ﬁgi Basb Wthti6h KA af @At 6n3sa5@ B daRididhe 4
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I d t It st st of. di dat . | I Si.
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corresponding to a first entry on said list of neighbor base stations and if said

12  power level exceeds an add threshold said first entry on said list of neighbor
base stations is added to said list of candidate base stations; and

14 wherein if said remote unit is communicating with said service
providing base station, said remote unit has a different value of said add

16  threshold than other remote units in said network.

8. The network of claim 1:
2 wherein said remote unit stores a list of active base stations comprising
an entry corresponding to each base station with which active communication
4  is established;
wherein said remote unit measures a signal quality of each base station
6 on said list of active base stations and if said signal quality is less than a drop
threshold, a corresponding entry on said list of active base stations is
8 removed; and
wherein if said remote unit is communicating with said passage
10 providing base station, said remote unit has a different value of said drop
threshold than other remote units in said network.
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first mobile switching center;
10 transmitting by a passage providing base station a second pilot signal
from said antenna wherein said passage providing base station is controlled by
12 said second mobile switching center;
communicating by said remote unit simultaneously with a base station
14  of said second set of base stations and said passage providing base station; and
transmitting by said passage providing base station to said remote a
16 command to perform a hard handoff of communication to said service
providing base station when a signal quality measurement of said base station
18  of said second set falls below a predetermined level.

11. The method of claim 10 wherein said predetermined level is a
2 T_DROP level which initiates termination of communication between said
remote unit and said base station of said second set.

12. The method of claim 10 further comprising the steps of:
2 communicating by said remote unit with said service providing base
station after said hard handoff;
4 transmitting by said base station of said second set a third pilot signal;
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12 said second mobile switching center;
communicating by said remote unit simultaneously with a base station

14  of said second set of base stations and said passage providing base station; and

transmitting by said passage providing base station to said remote unit a
16 command to perform a hard handoff of communication to said service
providing base station when a signal quality measurement of said first pilot

18  signal exceeds a predetermined level.

15. A method for providing communications between a remote unit
2 and at least one base station, wherein said at least one base station may be
controlled by a first mobile switching center which controls communications
4  through a first set of base stations or by a second mobile switching center
which controls communications through a second set of base stations
6 comprising the steps of:

transmitting by a service providing base station a first pilot signal from
8 an antenna wherein said service providing base station is controlled by said

first mobile switching center;
10 transmitting by a passage providing base station a second pilot signal
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17. The method of claim 16 wherein said second predetermined level is
2 a T_ADD level.

18. A method for providing communications between a remote unit
2 and at least one base station, wherein said at least one base station may be
controlled by a first mobile switching center which controls communications
4  through a first set of base stations or by a second mobile switching center
which controls communications through a second set of base stations
6 comprising the steps of:
transmitting by a service providing base station a first pilot signal from
8 an antenna wherein said service providing base station is controlled by said
first mobile switching center;
10 transmitting by a passage providing base station a second pilot signal
from said antenna wherein said passage providing base station is controlled by
12 said second mobile switching center;
communicating by said remote unit through said service providing
14  base station;
transmitting by said base station of said second set a third pilot signal;
16 - '
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