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METHOD AND APPARATUS FOR PROVI DI NG DI VERSI TY I N HARD
HANDOFF FOR A CDVA SYSTEM ' BACKGROUND OF THE | NVENTI ON 5
L Field of the Invention The present invention relates
generally to w@lohi4ess conmuni cations systens in which arRCTHISSTBEEd

mul ti pl e base stations. More particularly,*the 10 present invention
relates to a novel and inproved technique for handing off comuni cati on

bet ween base stati i I G : NPt 1 on
of the Rel ated E&ﬁ?’i@ﬁ A(}\IH K@]e‘&m @ﬁ%@ﬁP&N%Pkyq%%gg .
(CDMA) nodul ati on t cHIARPUEANDGOKF FQRoA GEM&S%Sé'Eﬁl\Eques for
facilitating comruni cations in which a | arge nunber of system users are
present. Although other teBACKGROUNBUOF FHE INVENTIODh nultiple
access (TDMp), and frequency division mul ti pl e access (FDMVA) are known,
CDMA has si gni Li canFiehtiofithealyorentiper 20 these ot her nodul ati on techni ques.
The use of CDMA techniques in a mul ti pl e access comruni cati on system
is disclosed in U. SThfairesdnt invention fela®s gferallynto wcebulat SRRENDUEHPEDIREIM

MILTI PLE ACCES stemns i g Ia%ﬂi%gg‘g ?{ﬁﬁg@% staribad- | Wl%ré?a?ﬁaﬁﬁﬁgl?ltm

REPEATERS", as e assi resent i nyenti , the,. 5
di scl osur e18f mresent inventionrglates: toa movel ﬁnéﬁﬂ\i’é%?%ﬁ nique for handiig 9ff,

j ust nenti oned cpmaiticatiorbétineeh dbase stions ef ldiffepent caludassystarasl i n
whi ch a | arge nunber of nobile tel ephone system users, each having a

transcei ver (algso km&&ilﬂ&:ﬁof&m{aawﬁh)t, comuni cate through satellite
repeaters or terrestrial base stations (al so known as base stations or

%%L/}A'Si teshs30 usi ffe COMA SPread ORI MHAAAPIN 4dés ORCHMAR! odulatich ng

COMA - communi cations, the Tt eauency SRECLY T AaR G SRS TMALR! fn
which a large number of system users are present. Although other techniques
such as time division multiple access (TDMA), and frequency division
multiple access (FDMA) are known, CDMA has significant advantages over

20 these other modulation techniques. The use of CDMA techniques in a
multiple access communication system is disclosed in U.S. Patent
No. 4,901,307, entitled "SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS", assigned to the assignee of the present invention, the

25  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
repeaters or terrestrial base stations (also known as base stations or cell-sites)

30 using CDMA spread spectrum 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
increase in system user capacity.

35 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
such a conventional FM cellular telephone system, the available frequency

40 band is divided into channels typically 30 Kilo Hertz (kHz) in bandwidth. The
system service area is divided geographically into base station coverage areas



use of CDVMA techniques results in a nmuch higher spectral efficiency than

can be achi eved using other multiple access techniques thus permtting
an i ncrease in system user capacity. 35 The conventional FM
cellular tel ephone systens used within the United States is commonly
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El ectronic Industry Association standard2 El A/ TI A-553 "Mobile Station -
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The system controller in response to the active base station inquiry
20 sends messages to the neighboring base stations with a handoff request. Each
of the base stations neighboring the active base station employs a special
scanning receiver which looks for the signal from the remote unit on the
channel at which it is operating. Should one of the neighboring base stations
report an adequate signal level to the system controller, a handoff is attempted
25 to that neighboring base station which is now labeled the target base station.
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
supported by the target base station. At the same time, the system controller
30 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.
discontinued) if the handoff to the target base station is unsuccessful. There
35 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




The systemcontroller in response to the active base station inquiry 20
sends nessages to the nei ghboring base stations with a handoff request.
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Anot her conmon 38 emin the conventional AMS tel elghone
In U.S. Patent No. 5,101,501, entitled "METHOD AND SYSTEM FOR

20 PROVIDING A SOFT HANDOFF IN COMMUNICATIONS IN A CDMA
CELLULAR TELEPHONE SYSTEM", issued March 31, 1992, which is assigned
to the assignee of the present invention, a method and system are disclosed
for providing communication with the remote unit through more than one
base station during the handoff of a CDMA call. Using this type of handoff

25 communication within the cellular system is uninterrupted by the handoff
from the 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 by 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.
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system occurs when the renote unit remains for an extended period of tine
10 near the border between two coverage areas. In this situation the
signal |evel tends to fluctuate with respect to each base station as
the renote unit changes position or as other reflective or attenuative
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PCT/ US97/ 0867ﬂermmate communication through the identified base station while
20 maintaining communications through the other active base station or base
stations.

_ Although the foregoing techniques are well-suited for call transfers
between base stations in the same cellular system which are controlled by the
same system controller, a more difficult situation is presented by movement

25 of the remote unit into a coverage area serviced by a base station from another
cellular system. One complicating factor in such "intersystem" handoffs is
that each system is controlled by a different system controller and typically
there is no direct link between the base stations of the first system and the
system controller of the second system and vice versa. The two systems are

30 thereby precluded from performing  simultaneous remote unit
communication through more than one base station during the handoff
process. Even when the existence of an intersystem link between the two
systems is available to facilitate intersystem soft handoff, often dissimilar
characteristics of the two systems further complicate the soft handoff process.

35 When resources are not available to conduct intersystem soft handoffs,
the execution of a "hard" handoff of a call connection from one system to
another becomes critical if uninterrupted service is to be maintained. The
intersystem handoff must be executed at a time and location likely to result in




More specifically, in the systemof the '261 patent the renote unit
nonitors the signal strength of pilot signals from nei ghboring base
stations. The coverage area of the neighboring base stations need not
actual l'y abut the coverage area of the base station with which active
comuni cat i ORyd gydueszest abl i shed. \Wen the _neasured signal spceusenoser t he
pil ot signal from one of the nei ghbor|5ng base stations exceeds a given
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critical i unl errupte serV|ce ? i ntaln
established by the soft handoft process e unusable s1gnal energy decreases
the signal to noise ratio of the signal as perceived by the remote unit. If the
signal fades with respect to the active base station, the signal to noise ratio
may be further reduced. Therefore one way to improve performance is to
30 minimize the probability of a deep fade with respect to the active base station.
The present invention provides forward link spatial diversity by transmitting
the forward link signal twice from two different antennas separated by a

distance sufficient to provide independence in fading with respect to the

remote unit.
BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when

40 taken in conjunction with the drawings wherein:
~ FIG. 1 provides an exemplary illustration of a cellular WLL, PCS or



I nt ersyst em handoff nust be executed at a tine and |location likely to
result in WO 97/ 44983

PCT/ US97/ 08671 successful transfer of the call connection between
systens. It follows that the handof f shoul d be attenpted only when, for
exanpl e: wo 9744083 (1) an idle channel is available in thedieabs l;),ase
station, 5 (ii) the rempte unit i® within range of the target base
station and the active base station, and (iii) the renote
unit is in a position at which it is assured of recei vi ng t he conmand

to switch chawireless PBXpystemal | y, each such intersystem hard handoff shoul d
be conducted in a FIgNR&hows a Wlhilhr lzebﬂuﬂi:ﬂxesnéﬁ@ x{é@%ﬂz IcBinprived of a flrst
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handof f MSGAT qoebile pyitchingteentarsil i ty of cel | uI ar communi cati ons, and
may be 15 5 expect efiGt 8 showshetelHasy E&ﬁnﬁﬁﬁ&é’c’idﬂi Steftd cémim?efd WancE SJo'ﬁhar

syst ens cont| ueto or ere Is a resalting
need for an © ?Deﬁilﬂ'éﬁ?aﬁﬂ’?eﬂ %r‘ ﬁ'émg%}p@lﬁf% Waye porenages,
executing the hancEin 4Af slww a highly| ideelizesk mepresertation sofatheo hard thatidoffer ent
syst ens. dl'engnOfanFM em: SUMWWARY OF THE | NVENTI ON One
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remote unl@ ahahdofbmgmmbﬁm(ﬂ}mmwslm;)resence of a significant amount of
25 signal energy ﬁco?ttask]]‘gn a?%ﬂﬂ@eﬂﬁé' é@@hfag]oﬁo Qﬁ&&? r‘é@{H}\Ot be

est abl i shed the s ro energ
decr eases 3/ orrespoRAmEo 4 &i’?’f%dg er?%*egé‘ilwi‘éﬁ‘gﬁﬁfr cei ved by the

renote unit. |f tHEG. 5 shows a set of interior, transition, and second system base
stations and is used to illustrate the function of the remote unit measurement
15" directed hard handoff table;
FIG. 6 shows an antenna pattern for a three sectored base station;
FIG. 7 illustrates the use of the detection rule in a CDMA to CDMA
same frequency handoff;
FIG. 8 illustrates the use of the detection rule in a CDMA to CDMA
20 different frequency handoff;
FIG. 9 illustrates two collocated base stations in a confxgurahon
providing CDMA to CDMA different frequency handoff;
FIG. 10 illustrates handoff from a CDMA system to a system providing
service using a different technology;
25 FIG. 11 illustrates an alternative configuration providing a CDMA to
CDMA different frequency handoff using a single multi-sectored base station;
FIG. 12 is a block diagram of a prior art base station comprising receive
diversity;
FIG. 13 is a block diagram of a border base station having transmit
30 diversity to produce path diversity;
FIG. 14 represents the use of a collocated base stations to perform hard
handoff;
FIG. 15 represents the use of a closely located base stations having a
significant portion of coverage area overlap to perform hard handoff;
35 FIG. 16 illustrates the use of a "Cone of Silence” in a CDMA system
intersected by a point to point microwave link; and
FIG. 17 illustrates the use of a. "Cone of Silence” in a CDMA system
intersected by a point to point microwave link in which the cone of silence




signal fades with respect to the active base station, the signal to noise

ratio may be further reduced. Therefore one way to inprove performance
is to 30 mnimze the probability of a deep fade with respect to the
active base station. The present invention provides forward |ink
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two different antennas separated by a di stance sufficient to provide
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communi cat i on SSFEMBRieAan, c SYegmy (FCS) pestem  or  pthes,; Apalageus,, izeless k
bet ween two di ésrairiunictioni systenniepeortidadidan ;FIG. 1. In an altdrh@livel Ansiliment,
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to a COMA to CIMA LT fsf?{d%ﬂ& fheg\‘ﬁ%\?éé %@rﬂﬁ!t&:}le access commﬁ\%atiénsgg%ﬁma
set of interior, transitron, and Second system base Sratons and 1s
used to ill ustfesheiques sugh@sitine divisiop mukinle agesss (TRMA) draavency division
15 multiple access (FDMA), code division multiple access (CDMA), and
amplitude modulation (AM) schemes such as amplitude companded single
sideband are known in the art. However, the spread spectrum modulation
. technique of CDMA has significant advantages over these modulation
techniques for multiple access communication systems. The use of CDMA
20 techniques in a multiple access communication system is disclosed in U.S.
Patent No. 4,901,307, issued Feb. 13, 1990, entitled "SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM USING SATELLITE OR
TERRESTRIAL REPEATERS", assigned to the assignee of the present
‘invention, which is herein incorporated by reference. Many of the ideas
25 described herein can be used with a variety of communication techniques
even through the preferred embodiments disclosed herein are described with
reference to a CDMA system.
In the above-referenced U.S. Patent No. 4,901,307, a multiple access
technique is disclosed where a large number of mobile telephone system users
30 each having a transceiver communicate through satellite repeaters or
terrestrial base stations using CDMA spread spectrum communication signals.
In using CDMA communications, the same frequency spectrum can be reused
multiple times to communicate a plurality of distinct communication signals.
The use of CDMA results in a much higher spectral efficiency than can be
35 achieved using other multiple access techniques thus permitting an increase
in system user capacity.
In the typical CDMA system, each base station transmits a unique pilot
signal. In the preferred embodiment, the pilot signal is an unmodulated,
direct sequence, spread spectrum signal transmitted continuously by each base
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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

15 PSTN. Controller 10 may direct calls between remote units via the
appropriate base stations.

A typical wireless communication system contains some base stations
having multiple sectors. A multi-sectored base station comprises multiple
independent transmit and receive antennas as well as some independent

20 processing circuitry. The present invention applies equally to each sector of a
sectorized base station and to single sectored independent base stations. The
term base station can be assumed to refer to either a sector of a base station or a
single sectored base station.

Controller 10 may be coupled to the base stations by various means

25 such as dedicated telephone lines, optical fiber links or by microwave
communication links. FIG. 1 illustrates exemplary base stations 12, 14,16 and
exemplary remote unit 18. Remote unit 18 may be a vehicle based telephone,
a hand-held portable unit, a PCS unit, or a fixed location wireless local loop
unit or any other conforming voice or data communication device.

30 Arrows 20A - 20B illustrate the possible communication link between base
station 12 and remote unit 18. Arrows 22A -22B illustrate the possible
communication link between base station 14 and remote unit 18. Similarly,
arrows 24A - 24B illustrate the possible communication link between base
station 16 and remote unit 18.

35 The base station locations are designed to provide service to remote
units located within their coverage areas. When the remote unit is idle, i.e.
no call is in progress, the remote unit constantly monitors the pilot signal
transmissions from each nearby base station. As illustrated in FIG. 1 the pilot
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signal transm [LeoteGRM | BURUSIY By iﬁﬁﬁﬁy RE§Rs the call through this base station to
the remote unit. .

Should remote unit 18 move out of the coverage area of the initial base
station for example, base station 16, communication is transferred to another
25 Dbase station. The process of transferring the communication to another base
station is referred to as handoff. In the preferred embodiment, the remote

unit initiates and assists the handoff process.
In accordance with the "Mobile Station-Base Station Compatibility
Standard for Dual-Mode Wideband Spread Spectrum Cellular System,"
30 TIA/EIA/IS95, generally referred to simply as IS-95, a "remote unit-assisted”
handoff may be initiated by the remote unit itself. The remote unit is
equipped with a search receiver which is used to scan for the pilot signal
transmission of neighboring base stations in addition to performing other
functions. If a pilot signal of one of the neighboring base stations, for example
35 base station 12, is found to be stronger than a given threshold, remote unit 18
transmits a message to the current base station, base station 16. The
information is communicated via base station 16 to controller 10.
Controller 10 upon receiving this information may initiate a connection
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station using a common pseudorandom noi se (PN) spreadi ng code. Each base
station or base station sector transmts the conmon pilot sequence offset
in time fromthe other base stations. The renbte units can identify a

base stati onwoonsépgsed on the code phase ?hffset of the pil Gicrpowneds7it hat it
receives fromthe base 5 station. The ot signal also provides a phase
ref erence for coherent - denodul ati on and t he basis of the signal
strength measurenents used |.n handof,f
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station 120 angndas®leantit torhPlexIf the dkmbte unit happens to be located within the
coverage area of two or more base stations which are not within the same
cellular system, i.e., which are not controlled by the same MSC.
' FIG. 2 shows a cellular communications network 30 comprising a first
and second cellular systems under the control of first and second mobile
25 switching centers, MSC-I and MSC-II, respectively. MSC-I and MSC-II are
respectively coupled to the base stations of the first and second cellular
systems by various means such as dedicated telephone lines, optical fiber links
or by microwave communication links. In FIG. 2, there are illustratively
represented five such exemplary base stations By 5-B;g respectively providing
30 within coverage areas C;,-Cg of the first system, and five base stations B,,-
B, respectively providing within the coverage areas Cp,-Cyr of the second
cellular system.
For convenience of illustration, the coverage areas C;,-Cyg and Cyp-Cop
of FIG. 2, and the coverage areas shown in FIG. 3 subsequently introduced
35 herein, are shown as being circular or hexagonal and are highly idealized. In
the actual communication environment, base station coverage areas may vary
in size and in shape. Base station coverage areas may tend to overlap with
coverage area boundaries defining coverage area shapes different from the




arrows 24A - 24B illustrate the possible communication |ink between base

station 16 and renote unit 18. 35 The base station | ocations are
designed to provide service to renote units located within their
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uni t. The protracted nature of the switch-to-switch connection and the large
volume of call signal and power control information may cause undue delay
20 and may sacrifice undue resources. Another difficulty in providing soft
handoff is that the architecture of the system controlled by MSC-I and the
system controlied by MSC-II can be vastly different. Also the method of power
control used by two systems might be quite different. Therefore the present
invention relates to providing a mechanism of hard handoff between two
25 systems to avoid the complications and expense of intersystem soft handoff.

A mechanism for hard handoff can be used in several situations. For
example, the system controlled by MSC-I may not use CDMA to
communicate signals but instead may use FM, TDMA, or another method. In
such a case, hard handoff is required even if a mechanism for intersystem soft

30. handoff is provided in the system controlled by MSCH because soft handoff is
only possible if both systems operate using CDMA. Accordingly this
invention could be used to handoff remote units between two systems
employing different air interfaces. The second system may need to be
modified to transmit a pilot signal or other CDMA beacon to aid in the

35. initiation of the hard handoff process. A system employing a pilot beacon is
detailed in copending U.S. Patent Application serial No. 08/413,306 entitled
"METHOD AND APPARATUS FOR MOBILE UNIT ASSISTED CDMA TO
ALTERNATIVE SYSTEM HARD HANDOFF" filed March 30, 1995. An



Shoul d renpte unit 18 nove out of the coverage area of the initial base
station for exanple, base station 16, communication is transferred to
anot her 25 base station. The process of transferring the conmunication to
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are highly directional, point to point microwave link 140 has a very narrow
field. As such, the other base stations of the system such as, base
20 stations 115, 120, and sectors 50, and 70, may operate without interference with
point to point microwave link 140. Thus remote unit 125 may be operating
on a CDMA channel in the same frequency band as point to point microwave
link 140. If remote unit 125 moves toward base station 110 which does not
support communication on the frequency that remote unit 125 is currently
25 operating on, it is not possible to complete a soft handoff from base station 115
to base station 110. Instead base station 115 may order remote unit125 to
perform a hard handoff to another frequency band which is supported by base
station 110.
Another situation in which a hard handoff may be useful is the case
30 where a remote unit must change the frequency at which it operates to more
evenly distribute load. For example, within the PCS band, the CDMA
communicating with traffic channel signals in a plurality of frequency bands
such as frequency band f; and frequency band f,. If frequency band f, is more
heavily loaded with active communication signals than frequency band f;, it
35 may be advantageous to off load some of the active communication signal
from frequency band f; to frequency band f;. To effect load sharing, one or
more remote units operating in frequency band f; are commanded to begin
operating in frequency band f, by performing an intrasystem hard handoff.
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using an industry standard such as IS-41 or subsequent revisional standard.

20 When a remote unit is located within the coverage area of an internal
base station, the remote unit is programmed to monitor the pilot signal
transmissions from a set of neighboring base station. Consider a case in which
the remote unit is located within coverage area C;p, but is approaching
coverage area Cyp. In this instance the remote unit could begin to receive

25 usable signal levels from base station B,p which would then be reported to
base station B,p and to any other base station(s) with which the remote unit is
currently in communication. The time at which usable signal levels are being
received by a remote unit may be determined by measuring one or more
quantifiable parameters (e.g., signal strength, signal to noise ratio, frame error

30 rate, frame erasure rate, bit error rate, and/or relative time delay) of the
received signal. In the preferred embodiment, the measurement is based on
the pilot signal strength as received by the remote unit. After such detection
of usable received signal levels at the remote unit, and reporting thereof to
base station B,p using a signal strength or quality message, a same frequency

35 remote unit-assisted hard handoff from base station B;p to base station Byp
could then proceed as follows:

(i) Base station B,p relays the remote unit's reported
signal level received from base station B,p to MSC-I, which is



In what follows coverage areas (CJerr]-Clerr] and Clerr]C[err] may be
referred to as border or transition coverage areas because these
coverage areas are 5 proximate the boundary between the first and second
cellular systenms. The remai nder of the coverage areas within each

system are refooniaedst o as i nternal or. interior the covear@aasofissc
A qui ck exam nation of FIG 2 reveals thd? MSC- 11 does not have direct

access to conmunicate with base stations B[err]-B[err] and MSC-I does not

have 10 direct access ns Blerr]-Blerr]. As
shown in FIG 2 é‘?c{ %&"ﬁmdﬁﬁo&ﬁ%ﬁ?%%@rth one anot her. For
exanpl e, EIATIA | §ipl MBG- requesBecharirel r@solircesTehdcimtensysteat i on
Tandard for e e e e e P e g
regi ons as shown B‘ﬂmﬁ?WFRW%’?E%%‘S%@imki% 34 in FIG 2. To provide soft
handof f b ween one of (i) MSGH Yespomiss tB[ ehd | rdjuest ]byarfdrﬁism base
stations B[err]- B[ﬁfc{]lnatﬁ atrogm%@ltl %aoibé%aﬂte qeé%lﬁ_pg wna%mer
control informatign 0

protract ed nat ur e igentifies téha SRy dﬁhEbnﬁémmﬁhlcaHGnthé tarbe

vol ume of call si giaiblishel pavevellc @8t bthler i itifofatioRN TAY additich, Ugkie del ay

20 and may Sacr'fdoﬁ?r HUg. LA gu%ﬁﬁﬂeﬂ%hﬁh&f UP{ %é;l%régé/(* di ng soft

handof f is that the architect system cont. and the
syst em coHt r ol | ed dpannelCfoy cemmmlcm@ml with \theerrempte Aingb aﬂdetrmlklod of
power cont r ol reb@dedly two systens mght be quite different. Therefore

t he present I nventj_Qn es t ovi din chani sm o rd handof f
between two 25 systensi¥ (3 y&;&l-ﬁsmg Iﬁ‘%fﬁmquﬂf E!PB&%&E‘?

i ntersystem sof t H‘&ﬁmﬂ?fumt via base stahm ohand specifies Bafimenatnwdi¢h can be
used in several sithdaein@bSunitds to begmedoaﬁmumcahbﬁ mﬂslbasé sefich®,,¢d by

VBC- | | not use 5 Comm&2 ni cate bﬂ'ﬁﬁé hut nétead y use FM
TDVA, or dnhot her rret ho In DIRHOR dasBAN% h‘élﬁdgf“f ]§I} ired even
i f a mechani sm f orbatweeR §b§tfém°§fbﬂ{mt39nﬁabﬁ§9 statien Jhovatdthe spedified syst em
controll ed by NBC—thmapggdlse soft handoff is only possible if both

systens operate using . IS {i be used
to handoff renote unit t gék“gwer%s to M%% 3?% %gfﬁ%?g“gnt air
i nterfaces, The sé@@ﬁ!ﬂ@fy@fﬁm moﬁe‘wtﬂmotfbe S}’Stemmdlfled to transnt a
pil ot si | or other CDVA beacon to aid in the 35 initiation of the hard

handof f process. Angskiffieuliypitlyithis appsoadt ishthat MBCE is unaweest af méhkther
copendl ng U. SthePsigrall fré@piheCiimete witit uﬁlredumdo Bds?, statfore BLj, bt 8 Gufficient

"METHOD . AND TUS E BILE UNLT A ST CDNﬁ T ALTER@AT VE
SYSTEM LARD, [EXRDAR SARROR, SO0 Nb" _ Ske’ e MSC1 cdtiimands  the

remote unit to establish commumcatlon with base station B,p. Likewise, base

25 station B, may not as yet be receiving a usable signal level from the remote

unit. As a result, the call connection may be dropped during the process of
transferring control to MSC-II. If the call connection is dropped, an error
message rather than an acknowledgment would be sent from MSC-II to
MSC-I.

30 Another difficulty in providing for hard handoff is the nature of the
coverage area boundaries of the CDMA system. In an FM system, such as
AMPS, the coverage area overlap regions are rather broad. The coverage area
overlap region is the area in which communication can be supported between
a remote unit and either one of two different base stations alone. In the FM

35 system such coverage areas overlap regions must be broad because hard
handoffs can only occur successfully when the remote unit is located in a
coverage area overlap region. For example, FIG. 4A is a highly idealized
representation of an FM system. Base station 150 and base station 165 are
capable of providing forward and reverse link FM communication to remote
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alternate systemis detailed in co-pending U. S. Patent Application Seri al
No. 08/ 522, 469 entitled "SAVE FREQUENCY, TI ME-DI VI SI ON- DUPLEX

REPEATER" filed August 31, 1995 both of which are assigned to the assignee
of the presenyoomess i on. A system may usg:I pi | ot beacon uni PCrasesedll ed i n
5 copending U S Patent Application seri ? No. 08/322,817 entitled "METHOD
AND APPARATUS FOR HANDOFF BETWEEN DI FFERENT CELLULAR COVMUNI CATI ONS

SYSTEMS" fil ed er.13, 1995..and assi.gn th ass| e

present i nvent"ﬁ“(%ﬁi.ég’3 (I‘he forwardZHBFhrgferg itﬁﬁﬁgicéﬁ"?cﬁ%\ﬂmﬁgﬂ‘ ghif'ngg ﬁ%%tfrilo o? $ can
be useful is theremote u0it. e severse lipkereferstto the conneatipn from fth@qr@mftg at
which it operahfsio Y base stafSAYP ' WithiM region! 160, e sRand stRAEH flotn HUtAT

m crowave |inks may oper EIHb _Eﬁot:em _er.lcevmtﬁh.thtre _ _
conmuni catlonli’?ﬁ‘%t n 158, and sbasgsftiqn, 165 iz 2 sufticient Jexel. tp; SWPROB i s
shown bet wen cdmmunication witlc rematecunitiksindNaeGhat due tmthelhaboeiofthe FM
m crovave ant goiam Hase EARBnS 150 aAA1650cantiB? corifiniAtd SimdRtantiRl) iRy Ol d
the use of the’frequenc ga use Béragbnt %@ poi nt. m crowave glnk
140 and therelf?“‘é\?%i'&“d? r f BrheRc e Andeid frpm Shase cstatiome13), 4o base

di rectional nistativyples datesnwithif eegloni 160;t 2 e frequencyy és anfednfor the

?F e highly di rc%ﬁrhﬁﬂﬁ%ﬁoﬂﬂg%eér? b%gé BatiBh TSR Erdrdts uritP 19?%%‘(«%@8&“ row
ield. As such, e Qther base stations of the system such as, base
stations 145, betweemPasestafion 390 andy remotepynib 11554 Baget slgtien; A6 MBieEnce

with POi NtarstnifsObr AnyriffequenyE used by base station 158 amtahusibasd ationylese
operati ng . . .| e . a LAt
point. i ar ovaRiovides TP bl dnal 6, HEORIRARR BRI MoedRef i, | |

110 whi ch doestatian 150 and pary (remtpuBnEaMith whidhhdt fif elfu csrmpmumdeatiQihpt e
un}t ﬁZSdi s C ;Bdtﬁfdalry 182 indigatesthepcation ibeyord ﬂ&tic}p@@ﬁidi)hﬁchﬁ?ﬁ ofipincbasea
sof t an S : e : t. se
Srati on 178 RIS tolBd ki85 js not bsABS (Ui Bordary 18 iiRitafE
anot her frequdheyogation heyangd which, spaymugicptionafem base sfation 150 tpcremote
Anot her  si t uatwrn155iswoit possibleaObvicuslp HIGNAA, dxewelt as FIGS. 4B 41l 4@ sare3ibt

e ot S!Sl Yl SRS ESOUBARY b b (BB Fabe ©
narrow as compared to the total coverage area of each base station. -

20 - With the CDMA soft handoff, the existence of a coverage area overlap
region in which communication can be supported completely by just one of
two base stations is not critical. In the region where soft handoff occurs, it is
sufficient that reliable communication can be maintained if communication
is established simultaneously with two or more base stations. In the CDMA

25 system, typically the active and neighbor base stations operate at the same
frequency. Thus as the remote unit approaches a coverage area of a neighbor
base station, the signal levels from active base station fall and the interference
levels from the neighbor base station increase. Because of the increasing
interference from the neighbor base stations, if soft handoff is not established,

30 the connection between the active base station and the remote unit may
become jeopardized. The connection is especially jeopardized if the signal
fades with respect to the active base station and not with respect to the
neighbor base station.

FIG. 4B is a highly idealized representation of a CDMA system. CDMA

35 . base station 200 and CDMA base station 205 are capable of providing forward
and reverse link CDMA communication to remote unit 155. Within darkest
region 170, the signal strength from both base station 200 and base station 205
is a sufficient level to support communication with remote unit 155 even if



communicating with traffic channel signals in a plurality of frequency
bands such as frequency band f[err] and frequency band f2. |f
frequency band f2 is nore heavily | oaded with active comrunicati on
signals than frequency band f[err], it 35 nay be advantageous to off | oad

sone of the yjgbya@gscomuni cati on signal from frequencycharehdsent o
frequency band f[err]. To effect |oad shhfi ng, one or nore renote

units operating in frequency band f2 are commanded to begin operating

in frequency band f[e e I ng_an intrasystem hard handoff.
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of the two types, of hard.handoff r. ire any 10 [ntersyste 0 ni cation.
Ref erri ng. agaPmoL uwithin frgion 1784 folhdtiarstion 21k & B wefatic ons to
cont rol s 10he suppoitrepnununidationonBeyend boundaryt k80, T ¥igral tlavels foompbaset e
base St akdtfh Bsarel inﬁﬁﬁfciémfwsdg P EbmPhiaiichifor) hﬁitﬂelfgxﬂ&at fifit B0 €
unit. MSC-1 also , gﬁ;t#g}s\ﬁhe r,Ot i n‘?a of a!’és f.rorp iﬁYelr m)tebunl ts
within the c&YERaiL sgftbpndait. - Beyond boundary 190, the signgl; jgyels from basery
MBC- | | oper atstatiom 280 arekimsuffivient toosupport gomanunication pwitht resmotef unitelS5ase
stations B[ ergybnBh&otd ndRigiput e cal | s between the PSTN and base

bt voon MR 1 and NREM TG Z4 408 Lece Afem W Teforicestp each Gifer nifian
i ndustry st améferenceuninmeralsSused cio  designatecboundariesi $8h| 182, a184ar186, 168,
Wien a renot grdido inereaC il Y1 Wi iddbéash) QIR AR BiseaMatidt 450 Ahd
base stati on.y LS RiChbh. " As'such, the Yo RESaSHE 1R Botwdtd BouRbariesHHd
and 190 is the widest region. The FM coverage area overlap region between
20 boundaries 182 and 188 lies within the CDMA soft handoff region. The
CDMA ‘'hard handoff' region is the most narrow region between
boundaries 184 and 186. :
Note that if base station 200 belongs to a first system and base station 205
belongs to a second system, base stations 200 and base station 205 may not be
25 capable of simultaneous communication with remote unit 155. Thus if
communication needs to be transferred from base station 200 to base
station 205, a hard handoff from base station 200 to base station 205 needs to be
executed. Note that the remote unit must be located in the CDMA hard
handoff region between boundaries 184 and 186 in region 170 for the hard
30 handoff to have a high probability of success. The difficulty lies in the fact that
hard handoff region 170 can be severely narrow and the time it takes for
remote unit 155 to move into and out of hard handoff region 170 can be very
small. In addition, it is difficult to discern whether remote unit 155 is within
hard handoff region 170. Once it has been determined that remote unit 155 is
35 in the hard handoff region 170, a decision must be made whether, to which
base station, and when the hard handoff should occur. The present invention
addresses these problems.
The first aspect of the present invention is a system and method for



transm ssions froma set of neighboring base station. Consider a case in

whi ch the renmpote unit is located within coverage area (Jerr], but is
appr oachi ng coverage area Cferr]. In this instance the renpte unit
could begin to receive 25 usable signal |levels frombase station B2D which
woul d then bewob®madssed to base statlci)g Blerr] and to affTOSPEB6Hase
station(s) with which the renbte unit is currently in comrunication.
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t he renote uniVithndhe rqg)ﬁ;@spondmg base station, Ce’ghe outermost, thick wavy lines
encircling base stations S; - S; and base station T, show more realistic
coverage areas of the corresponding base stations. For example wavy line 228
represents the coverage area of base station S;. The shape of the coverage

20 areas is greatly effected by the terrain in which the base station resides such as
the height at which the antennas are mounted, the number, reflectivity, and
height of tall buildings in the coverage area, and as well as trees, hills and
other obstacles within the coverage area. Realistic coverage areas are not
shown for each base station to simplify the drawing.

25 In an actual system, some of the base stations may be sectorized such as
into three sectors. FIG. 6 shows an antenna pattern for a three sectored base
station. No three sectored base stations are shown in FIG. 5 in order to
simplify the drawing. The concepts of the present invention are directly
applicable to sectorized base stations.

30 In FIG. 6 coverage area 300A is represented by the finest width line.
Coverage area 300B is represented by the medium width line. Coverage
area 300C is represented by the heaviest line. The shape of the three coverage
areas shown in FIG. 6 is the shape produced by standard directional dipole
antennas. The edges of the coverage areas can be thought of as the location at

35 which a remote unit receives the minimum signal level necessary to support
communication through that sector. As a remote unit moves into the sector,
the signal strength received from the base station as perceived by the remote
unit increases. A remote unit at point 302 may communicate through




(iv) MSC-1 supplies the new channel information to the renot e

unit via base station B[err], and specifies a tinme at which t he
renote unit is to begin conmunication with base station B2D;, 15

(v) Conmunication is established via hard handof f bet ween t he
renote unit @fbrageee station B2D at the specified PCiis9 o8 d
(vi) MSC-11 acknow edges to MSC-I the suddessf ul transition of
the renote unit into the system 20 One difficulty with this
approach is that MSC-1 is unaware of whether the signal fromthe
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ge area of sector 50 and sector 70.

In general a base station is sectorized to reduce the total interference
power to remote units located within the coverage area of the base station
while increasing the number of remote units that can communicate through
the base station. For example, sector 80 would not transmit a signal intended

20 for a remote unit at location 90 and thus no remote unit located in sector 80 is
significantly interfered with by the communication of a remote unit at
location 90 with base station 60. :

For a remote unit positioned at location 90, the total interference has
contributions from sectors 50 and 70 and from base stations 115 and 120. A

25 remote unit at location 90 might be in softer handoff with sectors 50 and 70. A
remote unit at location 90 may simultaneously be in soft handoff with either
or both of base stations 115 and 120.

Remote unit assisted soft handoff operates based on the pilot signal

strength of several sets of base stations as measured by the remote unit. The
30 Active Set is the set of base stations through which active communication is

established. The Neighbor Set is a set of base stations surrounding an active

base station comprising base stations that have a high probability of having a

signal strength of sufficient level to establish communication. The Candidate

Set is a set of base stations having a pilot signal strength at a sufficient signal -
35 level to establish communication.

When communications are initially established, a remote unit
communicates through a first base station and the Active Set contains only
the first base station. The remote unit monitors the pilot signal strength of



unit 155. (The forward link refers to the connection fromthe base station
to the renote unit. The reverse |link refers to the connection fromthe
renot e unit to the base station.) Wthin region 160, the signal strength
from both base station 150 and base station 165 is a sufficient level to
support 5 copoemesii on with renote unit,3155. Note that du@CT®SPIB6Hat ure
of the FM system base stations 150 a 165 cannot comruni cate

simul taneously with rem)te unit 155. When a hard handoff from base
station 150 t Mgl ' :
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155 even ,25 terminate communications throug the base station havmg a wea pﬂ

signal strength.
The system controller upon deciding to terminate communications

through a base station generates a message identifying a new Active Set of
base stations. The new Active Set does not contain the base station through

30 which communication is to be terminated. The base stations through which
communication is established send a message to the remote unit. The system
controller also communicates information to the base station to terminate
communications with the remote unit. The remote unit communications are
thus routed only through base stations identified in the new Active Set.

35 When a remote unit is in soft handoff, the system controller receives
decoded packets from each of the base stations which is a member of the
Active Set. From the set of signals, the system controller must create a single
signail for transmission to the PSTN. Within each base station, signals
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comuni cation is established with only one of base station 200 or base
station 205. Beyond boundary 184, comrunication through only base
station 205 is not reliable. Likew se beyond boundary 186 conmuni cati on

t hr ough onl ywba3sms4984 ati on 200 is not rel 53b| e. 5 Ragiruse7/dsémA, 170,
and 175B represent the areas in which it“Ms |ikely that a renpote unit
is in soft handoff between base stations 200 and 205. Est abl i shi ng

conmmuni cation thro
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stati on 205 e |nsuff|c;‘gnt to t.co atio renote unit

even in soft 8t Pgngle ﬁob‘f%‘u dlgocartqqé ‘Fgﬁ?ﬁ’l IaadVPF‘@ﬂﬂeBH'é‘é!
station 230 deembinedf fwitheaother osigngdporin tlemprefecreti mbmdhhexitenmeesymem 155

even in soft RApdab hszlé sefect betwégﬂt }Qﬁ&alﬁkumrgﬁg usgﬁglsacro al\mlm th

reference to each o

e na
boundari es 18!3‘9'*98%“9 4] 3 baﬁ%étathBBW‘ g‘“&‘nﬁ"@?ﬁ-‘ﬂ‘?&‘i%s‘% eﬁﬁ‘bbﬂl‘ s"ten
i ncreasi ng dlmbstrmaf\tag&bhadecmiedtmmlﬁﬂelmtdd from theset of sighals f26ifl. thas

such, the sof tg and 190 is the
V\ndest re ﬂ pr%m@b%é‘é@g‘?gge&grié verlap egl og’%%e’tween 20 boundar i es
182 and I Iles unt additione torsoft bandofifa for fsystemyimay alse employcrispfterar d
handof f' r egitedoff. t [Softe® harithff Qefers @ eﬁérallgt v&:eﬁndoff bbmmasé&srslsﬂ aand

189. t8hbdddUtation " Hadle LA&% 2% B8 Se Yale Bratiohhrs iR and

base station % ongs t
base stati on OB ifdimately wpstedc b@amfé s?wganﬁmtq;ﬁ@ gsonynan hasestasionyi t h
remote unit 1&h belddtte by combining titiatcdetlidata RERES thah b sbleaticii oF decbdedom

015, 110 0 i el S b R OB
unit nust be ¢reployed withimeitignsystemd The prqffaﬁdszsrofﬁeeganddfeﬁ\dsembed in
boundari es 184.san®Paléft | Appligatich 1 30o.f 0081408,608r dentitled "METHOD AND
APPARATUS FOR PERFORMING HANDOFF BETWEEN SECTORS OF A
COMMON BASE STATION" filed March 13, 1995 which is a continuation of
20 U.S. Patent Application No. 08/144,903 filed October 10, 1993 now abandoned,
each of which are assigned to the assignee of the present invention.

In the preferred embodiment, the selection process is performed by the
system controller within a selector bank subsystem (SBS). The SBS is
comprised of a set of selectors. Each selector handles the active

25 communication for one remote unit. At the termination of a call connection,
the selector can be assigned to another active remote unit. The selector
provides all manner of control functions for both the remote unit and the
base stations. The selector sends and receives messages from the base stations.
An example of such a message is the message sent by the base station each

30 time the round trip delay between the base station and the remote unit
changes by a threshold amount. The selector can also command the base
station to send a message to the remote unit. An example of such a message is
a message sent to the base station commanding it to command the remote
unit to provide a Pilot Strength Measurement Message (PSMM). The use of

35 Dboth of these signals is explained more fully below. In the most general
embodiment, it need not be a selector which controls the handoff process and
any manner of communication control unit can perform the functions that in
the preferred embodiment are delegated to the selector.




30 handoff to have a high probability of success. The difficulty lies in

the fact that hard handoff region 170 can be severely narrow and the

time it takes for renote unit 155 to nove into and out of hard handoff
region 170 can be very small. In addition, it is difficult to discern
whet her renpDtweo u44ps3l55 is within h%ld handof f regi on P¢OwsOnser1i t has
been determ ned that renote unit 155 is i n the hard handoff region 170,
a deci sion nmust be nade vvhet her to which base station, and vvhen t he .
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the coverage trip delay between the remote unit and a base station w ch is a member of

20 the Candidate Set is somewhat more complicated than determining the round
trip delay of a member of the Active Set. Because a base station which is a
member of the Candidate Set does not demodulate a signal from the remote
unit, the round trip delay cannot be measured directly by the Candidate base
stations.

25 The message sent from the remote unit to the base station comprising
the pilot signal information of the members of the Candidate and Active Sets
is referred as a Pilot Strength Measurement Message (PSMM). A PSMM is
sent by the remote unit either in response to a request from the base station or
because the signal strength of a base station of the Neighbor Set has exceeded a

30 threshold or the signal strength of a base station in the Candidate Set has
exceeded the strength of one of the base stations of the Active Set by a
predetermined amount, or due to the expiration of a handoff drop timer.

Four parameters control the soft handoff process. First, the pilot
detection threshold, T_ADD, specifies the level which the pilot signal

35 strength of a base station which is a member of the Neighbor Set must exceed
to become classified as a member of the Candidate Set. The pilot drop
threshold, T_DROP, specifies the level below which the pilot signal strength
of a base station which is a member of the Active or Candidate Set must fall in




20 areas is greatly effected by the terrain in which the base station

resi des such as the height at which the antennas are nounted, the
nunber, reflectivity, and hei ght of tall buildings in the coverage
area, and as well as trees, hills and ot her obstacles within the
coverage arewodrapsssti c coverage areas gr.e not shown gEfupapdsrPase
station to sinplify the draw ng. 25 2 |n an actual system sone of
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3 represents weawies thepilotAignalphase i@c@@hdﬂlqb signal in thes@aldldate Je4sThe
station 60 hapilétdigRalSEidseis measGiedOht el finde s bbby #k0phase of
the earliest arriving usable multipath component of the candidate pilot signal
to the earliest arriving usable multipath component of a member of the
20  Active Set. The pilot signal phase may be measured in relative PN chips. The
pilot signal of the base station in the Active Set providing the earliest arriving
signal is referred to as the reference pilot signal.
' The system controller can translate the pilot signal phase into an
estimate of round trip delay using the following equation:

RTDcan1 = RTDs + 2*(PilotPhasec,n; - ChannelOffsetca,; * PilotInc) Eq.1

where:
RTDcany = the calculated estimate of the round trip delay of a base
30 station having an entry in the Candidate Set;
RTD,ef = the round trip delay reported for the reference pilot signal;
PilotPhasecan; = the phase relative to the remote unit's perceived
universal time reported in the PSMM in units of PN chips; _
ChannelOffsetcan1 = the channel offset of the candidate base station
35 which is a unitless number; and
PilotInc = the system wide pilot sequence offset index increment in
units of PN chips per channel. |

The round trip delay reported for the reference pilot signal, RTD,, is
40 provided by the corresponding base station to the selector. The round trip



10 degrees of the base station coverage area. Sector 50, having a coverage
ar ea I ndi cated by the unbroken |ines 55, overlaps the coverage area of
sector 70, havi ng a coverage area indicated by the coarse dashed |ines
75. Sector 50 al so overl aps the sector 80, having a coverage area as
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comuni cat es t HrhangelQ@ifseteant, and e§Y§F§“o‘ﬂidé’nﬂﬂ‘fbr?§q1&%1{‘qe\fé#sglétﬁ“mr?@eﬁﬁl y
the first base PiloalnicOrBecdiis® thereire trarismission idelaystih ¢hesystems thgnsdmaeterenigt h
ngT / US97/ 0867 1\%r9e§(rés4§§t’ﬁ the reference pilot signal and the candidate base station pilot
signal with different and varying delay. Subtracting the system induced PN
20 offset (= the product of ChannelOffsetcan; and PilotInc) from the perceived PN
offset (= PilotPhase 1) yields the relative offset between the reference pilot
signal and the pilot signal of the candidate base station. If the difference is
negative, the RTD between the reference base station and the remote unit is
larger than the RTD between the candidate base station and the remote unit.
25 The difference perceived by the remote unit reflects only the forward link
relative delay. The forward link relative delay is doubled to account for the
full round trip delay.
For the sake of the example, assume that the system-wide pilot
sequence offset index increment is 64 PN chips and that the following
30 information is used for the basis of a round trip delay measurement.

PilotPhase e =0 RTD =137 (Base station Id = 12)
PilotPhasejy =948 RTD =244 (Base station Id = 14, relative offset 52 PN)
PilotPhasejs = 1009 (Base station Id = 16, relative offset -15 PN)

Because in the preferred embodiment, each base station or base station sector
transmits the same pilot sequence offset in time, the base station identification
can be thought of as the channel PN offset used by the base station to transmit
the pilot signal. Further assume that base stations 12 and 14 (which may be



the base stations of the Active Set, the Candidate Set, and the Nei ghbor
Set . When a pilot signal of a base station in the Nei ghbor Set exceeds a
predeterm ned threshold | evel, the base station is added to the Candi date
Set and renoved fromthe Nei ghbor Set at the rempte unit. The renote
unit 5 commigAakRs a nessage to the first base station i dgigidoypdts; t he
new base station. The system control |2} deci des whether to estab I sh
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t h.
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communi cat i on PRFAIOCIEE e, nessage to the rempte unit. The system
controll egyal so co cat R{eratlontothe base station to term nate
conmuni cations with 'e‘r e?r%%g S The renote unit communi cations are
thus routed only thXile§Rhasgea 51809 BMschipsntified in the new Active Set. 35
Wien a renote unit iChdrnheROfféet)adqbfand he system control |l er receives
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between the remote unit and base station 16 of 107 PN chips. As noted above,
to find the absolute offset of the candidate base station, the product of the
ChannelOffsetcan; and the PilotInc is subtracted from PilotPhasecnwhich in
this case yields -15 PN chips. One interesting note is that the round trip delay
30  between base station 16 and the remote unit is less than the round trip delay
between base station 12.

A first method of identifying the location of the remote unit relies on
the use of special remote unit measurement directed hard handoff (MDHO)
state. In order to minimize the processing impact, the system enters the

35 MDHO state only when any member of the Active Set is marked as a
transition base station. In an alternative embodiment, the system enters the
MDHO state only when all members of the Active Set are transition base
stations. In yet a third embodiment, the system enters the MDHO state only
when there is a single base station in the Active Set and that base station is a
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received froma conmon renote unit may be conbi ned before they are

decoded thus taking full advantage of the multiple signals received. The
decoded result from each base station is provided to the systemcontroller.

Once a si gnalwag%,{ggﬁn decoded it cannot Eg easi |y and advarrcagissueskm 5
‘conbined” with other signals. In the prefeérred enbodi nent, the system
controller nmust sel ect between the pIurallty of decoded signals

correspondi ng pne-to-one..to a_base,st |on
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stations. could be used to generate the MDHO table. As noted above, FIG. 5 shows a set
of interior, transition, and second system base stations and is used to illustrate

20 the function of the remote unit measurement directed hard handoff table.
The shaded lines around the base stations indicate a round trip delay
measurement thresholds. For example, shaded line 222 encircling base station
S, represents the location at which a direct path from base station S; to a
remote unit located on shaded line 222 exhibits a round trip delay of 200 PN

25 chips. Shaded line 220 encircling base station S; represents the location at
which a direct path from base station S; to a remote unit located on shaded
line 222 exhibits a round trip delay of 220 PN chips. Therefore any remote
unit located between shaded line 220 and shaded line 222 would exhibit a
round trip delay between 200 and 220 PN chips.

30 Likewise, shaded line 226 encircling base station T; represents the
location at which a direct path from base station T to a remote unit located on
shaded line 226 exhibits a round trip delay of 160 PN chips. Shaded line 224
encircling base station Ty represents the location at which a direct path from
base station T; to a remote unit located on shaded line 224 exhibits a round

35 trip delay of 180 PN chips. Therefore any remote unit located between shaded
line 224 and shaded line 226 would exhibit a round trip delay between 160
and 180 PN chips.

Also, shaded line 232 encircling base station S; represents the location



An exanpl e of such a nessage is the nessage sent by the base station each
30 tinme the round trip delay between the base station and the renote unit
changes by a threshold anmount. The sel ector can al so command the base

station to send a nessage to the renote unit. An exanple of such a nessage

S a NMegeIhReeLNt to the base station commanding it tg éﬁ;g;;;?hg t he
r enot e unit to provide a Pilot Stredth Measurenent Message
The use of 35 both of these signals is explained nore fully below In t he

nost gener al enbodi ment, it need not be a selector which controls the
handof f proced §Vlb}ﬁha irect path frapnleasedtationfiute @ zemote ubittlockted wirt shealed
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sent to the re e statio round trip
del ay. The rdiaide f‘?‘? B‘%@P tpathetween the semete unit and the base statiomndbis
bet ween t he itheeasliest iaovivingdsighal thatd¢ measiied in conjAfiesrdlivigh tthe fisent

preferrod eMAdARGL 1o binBR e shahbaBy dagyl s the T ound trip defay to
t he sel eﬁ‘t5 E}\( ttwtes}rx(!)mu}_"ilc rérlgs 1”nanq es by pore than 15 a
predet er m°ned ano &A cbe idg Ff'él bY dbe rkoundy &ip i delayiss es
t he round trll}ttdeémyhdommbase statioms. |Felmsxampme tco&Bﬂl goaegionk 24D ARG 242 ch
are menbers Qicantﬁl:eidéﬁﬁfn‘!& 'IFle fact at tROFbEAY QripCiciay BetwlRR! tHeY rdriiSie! QKA ! ON
of a remte uarr]xlclt base sttaehon 'Pl is beet"w{az(e)xltJ 0 and 180 PN chips and the round trip delay
between the remote unit and base station S, is between 200 and 220 PN chips.
20 Coverage area 242 is further defined by the fact that a pilot signal from base
station S; can be perceived at all no matter what the round trip delay.
Assume that the proper action for a remote unit located within region 240 and
currently in communication with base station T; is to execute a same
frequency hard handoff to CDMA base station S,. Further assume that in
25 region 242 the total interference is so high that the only alternative is to
execute a hard handoff to the AMPS system supported by base station S;.
Table I illustrates a portion of an exemplary MDHO table. The first
column indicates which coverage area overlap regions corresponds to the row
in the MDHO table. For example coverage area 242 corresponds to coverage
30 region N on Table I and coverage area 240 corresponds to coverage area N+1
on Table I. Note that a remote unit located in coverage area 242 matches the
parameters given for coverage area 240. In the illustrative embodiment, the
MDHO table is traversed in numerical order and the first region which
matches the given parameters is selected so that the only way that a given set
35  of parameters is compared to region N+1 is that if region N has already been
eliminated as a possible location. The second column contains a first base
station ID. The third column contains the range of round trip delays which
correspond to the coverage region designated by the row. The fourth and fifth

gn




trip delay between the renpte unit and a base station which is a nenber of
20 the Candidate Set is sonmewhat nore conplicated than determ ning the
round trip delay of a menber of the Active Set. Because a base station
which is a menber of the Candidate Set does not demydyhabfiegdssi gnal
fromthe MENF44983 unit, the round t27p del ay cannot be rr}e‘g’gure directly
by the Candi date base ~ stations. 25 The nmessage sent fromthe
renote unit to the base station conprising the pilot signal
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Table I
The column labeled action describes the action that should be taken
15 when the location of the remote unit maps to one of the coverage regions.
There are several exemplary types of action which may be taken such as:

Intersystem base station CDMA-to-AMPS hard handoff;
Intrasystem base station CDMA-to-AMPS hard handoff;

20 Intrasystem base station CDMA-to-CDMA hard handoff;
Intersystem CDMA-to-different frequency CDMA hard handoff; and
Intersystem CDMA-to-same frequency CDMA hard handoff.

If more round trip delay information is needed to identify the location

25 of the remote unit, the T_ADD and the T_DROP thresholds can modified
when a remote unit is in the MDHO state. By decreasing both the T_DROP

and T_ADD thresholds, lower pilot signal strengths qualify the corresponding

base stations for membership in the Candidate and Active Sets and lower pilot
signal strengths remain in the Candidate and Active Sets longer before being

30 dropped. The increased number of base stations listed in the Candidate Set
and Active Set increases the number of round trip delay data points which can



these four paraneters can be reprogramred to a new val ue by a nmessage sent
10 fromthe base station. The PSMM i ncl udes two pieces of

i nformati on which are pertinent to the present invention. The PSMM
conprises a record for each pilot signal corresponding to a base
stati on whi cwoidsessenber of the Active Candi dat e SadTrvsonsstry t he
PSMM conpri ses a neasure of signal stren?% Second, the 15 PSMM conpri ses
a nmeasure of the pilot signal phase. The renote unit measures the
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t he cal cul at e@alﬁﬁglggﬁ{ yil») round trip delay of a base 30 station
havi ng an ntry |

h i daf e Set Dlerr] = the round
trip del a} report el ﬁ? nge @F‘g?&dé“ﬁ*oif g’legﬁﬁ‘lzmgr SYStem is not already
Pi | ot Phase[ er h]ansnﬁhmgphaﬁ@MAl pilot esigralt fren ethot border tbaSe [seativtisvVefl the
uni versal ti

”?reﬁﬁ Béingrhsreheigl Mk syatehs e ERlof g tem is modified t% 5

Channel O f set th chan?r} the can ase séa
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channel . I
si gnal , R'Il'%[ e? ?Tmfg ijgdls'?%wwi A@P Péeés)‘{oé‘tn gﬁlﬂ qggslgpgf&éﬁdogﬁ\t %nt he
sel ector. ThealtEtnative, & e/ ent, ev “the system is not already transmitting

CDMA pilot signal from the border base station, the border base stations in the
second system do not produce pilot signals and there are no entries in the base
station ID column of the MDHO table corresponding to base stations S; - Ss.

20 Pilot beacon units can also be used on interior base stations to help identify
the regions which are effected by point to point microwave links.

In some situations it may also be possible to eliminate the use of the
candidate base stations as a means of identifying the location of the remote
unit thus leaving only the active base station information to determine the

25 remote unit location. For example with a clever network planning, it may be
that the coverage area overlap regions can be effectively identified using only
the round trip delay of the members of the Active Set.

As noted above, no sectorized base stations are shown in FIG. 5 in order
to simplify the drawing. In reality the presence of sectorization aids the

30 location process by narrowing the regions in which the remote unit may be
located. Note, for example, the geometry of base station 60 of FIG. 3. Before
round trip delays are even considered, the coverage area of base station 60 is
divided to 6 different regions: the area covered only by sector 50, the area
covered by sector 50 and sector 70, the area covered only by sector 70, the area

35 covered by sector 70 and sector 80, the area covered only by sector 80, and the
area covered by sector 80 and sector 50. If network planning is used to orient
three sectored base stations along the border between the two systems, it may
be possible to eliminate the use of pilot beacons in the system 2 border base
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PN) Pi | ot PAgRIeIsEs 35 compyed e, dhe ROWer Arangmutt besg Stasioy P03 the o
PN) coverage area overlap boundaries move closer to base station 200 and further

away from base station 205. The signal level does not effect the round trip
25 delay between the remote unit at any one location and the base station.

Therefore the MDHO table continues to identify the same locations as

appropriate for handoff when the actual boundaries may have changed.

There are several ways of dealing with the issue of breathing. One way
is to sufficiently narrow the defined coverage area overlap regions as stored in

30 the MDHO table such that the coverage area overlap regions remain valid
independent of present state of breathing.

A second way to deal with the issue of base station breathing is to
disable or limit breathing at the border base stations. The breathing
mechanism operates on the forward link signal to force the forward link

35 performance to imitate the natural reaction of the reverse link to the level of
loading. Therefore the elimination of breathing does not remove the risk that
the boundaries change with loading on the reverse link and thus loading
remains a factor even if a system does not employ breathing.



Because in the preferred enbodi nent, each base station or base station
sector transmts the sane pilot sequence offset in tinme, the base
station identification can be thought of as the channel PN of fset used
by the base station to transmt the pilot signal. Further assune that
base stationgodyupgd 14 (which nmay be WO 97/ 449831rusoressn

24 PCT/ US97/ 08671 30 assuned to refer to the base
stations shown in FIG 1) are nenbers of the Active Set gnd the RTD |
measurenents as ured by base stations 12 and 14 are being reporte
as 137 and 244 P wagyg prth the issue of base stpfieny breathing ¥sithrough t he
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Sl
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Chhan ne: Ofs eHEﬁSrr\}alEes]iﬁ?thé NIDHO table to reflect iHeWttelfs of b%latﬁmg? hi ps per
channel. ,g The effects of breathing may not be an issue at all in most situations.

Because these border areas have traditionally been a source of technical and
business issuess, network planning typically strives to place the boundaries
between the two systems in low traffic areas. Lower amounts of traffic
correspond to smaller effects of breathing,.

20 In some cases it may be desirable to avoid storing and accessing the
MDHO table. In such a case, other methods can be used to effect handoff. For
example, in an alternative embodiment, two means are used to trigger a
handoff. The first method is called the detection rule. Certain base stations
(or base station sectors) are designated reference base stations, R. If a remote

25 unit is within the coverage area of a reference base station and it reports
detection of a triggering pilot signal, Pg, the selector triggers a handoff with a
target base station determined by the data set (R, Pg). The detection rule is
typically but not always used with a pilot beacon unit.

The second method is called the hand-down rule. Certain base stations

30 are marked as boundary base stations.. The selector triggers a handoff if the
remote unit Active Set contains only one base station and that base station is a
boundary base station and the reference pilot signal round trip delay exceeds a
threshold. Alternatively the selector triggers a handoff if the remote unit
Active Set contains only base stations that are boundary base station and the

35 reference pilot signal round trip delay exceeds a threshold. Typically the
threshold varies between base stations and is independent of the rest of the
Active Set.- The hand-down action is determined by the current reference
pilot. The hand-down rule may be the first in a set of rules for measurement




25 Plugging these nunbers directly into Equation 1 yields a round trip

del ay between the renote unit and base station 16 of 107 PN chips. As
not ed above, to find the absolute offset of the candi date base
station, the product of the Channel O fset[err] and the Pilotlnc is

subtracted frwowhidess Phase[errjwhich in 43 this case yiel #STUFBRTIchi ps.
One interesting note is that the round trip delay 30 between base station

16 and the renote unit is less than the round trip del ay bet ween base
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ranges. The  centerowhitht map cdeiragnd dhgdase stapiovi fends the) remptes upit aservigeum

and mexi MM redirection message. The service redirection message may direct an

~ AMPS-capable remote unit to an AMPS system or to another CDMA

20 frequency or system. The redirection message also depends on the type of

service being requested by the remote unit. If a data connection rather than a

voice connection is requested, the AMPS system may not be able to support

the connection. For this reason, the action taken must depend generally on

the capabilities and status of the remote unit. Typically each remote unit in

25 the system has a class designation which designates its capabilities. The

current status of the remote unit may be queried by the base station and a
decision can be made based on the information returned.

FIG. 7 illustrates the use of the detection rule in a CDMA to CDMA

same frequency handoff. Assume that a remote unit is traveling from system

30 S; to system S; in the Cjo/Co region. As the remote unit approaches Cp, it

begins to perceive the pilot signal transmitted thereby. Using the detection

rule, if Cy is the reference base station, the selector requests a handoff to an

AMPS base station that is collocated with coverage area C15. As noted above

the hard handoff from an FM AMPS system to another FM AMPS system may

35 be achieved over a much larger physical region than a hard handoff from a

CDMA system to another CDMA system operating at the same frequency.

Note that there must be a one to one mapping or at least a substantial over lap

between the CDMA base station coverage areas and the AMPS base station



round trip delay. 15 In order to use the MDHO table, either a network
pl anni ng tool or enpirical data is used to identify a set of regions
and the correspondi ng appropriate action for each region.
Alternatively a rule based or expert system coul d be used to generate

t he MDHO t abwe.o7ésnot ed above, FIG 5 sg ws a set of BctjRoneNsT1
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PCT/ US97/1886 APPlied °“°§:a‘ 8Hg *Srtﬁ Agly measprement pexceeds; the g}?feé[‘%lfir] Ing a
renmote unit ledber e@e@rhmd@éfe@uld beirhade 232 colincased AMPBhasd statiop withay of
170 PN chi ps.Ciglvraggd. | i ne 230 encircling base station S[err] represents

the location at Vmghcgnﬁédrgﬁgnp%} r1‘1&5 og Rgss % Sgtr%gé %%vantageous over the

configuration of FIG. 7. FIG. 4C illustrates the advantage of handoff using two
20 different CDMA frequencies. FIG. 4C is a highly idealized representation of a
handoff region employing two different CDMA frequencies following the
same format as FIGS. 4A and 4B. In FIG. 4C, base station 205. is not
transmitting traffic channel signals on the same frequency as base station 200
as represented by the dashed transmission arrows emanating from base
25 station 205 and remote unit 155. Boundary 189 represents the point to which
reliable communication can be established between remote unit 155 and base
station 200 at frequency f;. Region 176 between boundary 180 and
boundary 189 represents the area where remote unit 155 can detect a pilot
signal from base station 205 if base station 205 is equipped with a pilot beacon
30  unit while communicating through base station 200.

A comparison between FIGS. 4B and 4C reveals the advantage of the
different frequency handoff. If base station 205 is not transmitting a pilot
signal, there is no interference from base station 205 to the signal between base
station 200 and remote unit 155. If base station 205 is transmitting a pilot

35 signal, the amount of interference due to the pilot signal from base station 205
to the signal between base station 200 and remote unit 155 is significantly less
than the interference produced if base station 205 is transmitting traffic
channel signals. Therefore boundary 189 is much closer to base station 205
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S[err] to a renote unit | ocated on shaded |ine 230 exhibits a round trip
delay 5 of 180 PN chips. Therefore any renote unit | ocated between shaded
i ne 230 and shaded line 232 would exhibit a round trip delay between
170 and 180 PN chips with respect to base station Serr].
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between the renote unit and the base stat?%n are produced by the reflective
10 el errents within the environnent. |f the signal does not take a direct
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T[err] is to ep €f7_ YRMHce versa o llﬁlmohqﬂﬂhbd.ndblbhcé chavd\hubh siarger

station Sferr r t

interfer eLce %Eﬁgéod‘ % tﬁ%’% F ég?fg Hg(?]}:{ ?IC% 'ﬂ%’ ’%‘%&e &%éﬁhalm 1§§§eatly
handoff to theadmmgﬁyyﬁetﬁaé b hard cha fSaE’é’Cgﬂsat i éf r Hyat two  different
Talbl e | | LII USE freq\e@ca:s Reé ubandoés not @wnga kffeqt thOhard hirdoff prorefs beshuse in
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region N on Tagsimmunigstionohas: ge beaakabefare E@F‘Febﬁ%ﬁ%“‘i@ choxackegistia, ddhen: 1
on Table I. Nogq tsmght dlshﬂﬁ’ﬂitﬁgél Bf thed ditRiat frequenrecaganay ba tRdthemembtes

t he par ametﬁr&_ {:R%laﬁ%ﬁﬁfg& H8 B Gwitth b lhhugltornat i first

enbodi nent, the" raversed i n nuner er an
first region whpaeency to theseqend frequesryen paraneters |s sel ected so that
the only way that aungithﬂe&eted?énb@dlmmmhahe base statipmand the remgie mni 1

is that if reg{xs%'a uan@rif\glf{eﬁa Fo‘?r]:ra 1s§l)h”?h'aﬂtl%ij r@ccegﬁoﬁosﬁt' ﬁge4C and

| ocati on. The Secon mm ‘con

third col um cothesi figutescand nigxt d*eSFfé‘E}HS b’f‘ﬁ“ﬂpfge\’%W@%W% ég&m‘ﬁoﬁlﬁ@ﬁ‘o d
to the coveraggpéragingiréiffehgiRs! it dndy be hesumed tHatebdthuhe rainit i drtchreceive

frequencies are different after the handoff is made even if the text and
25 drawings refer for simplicity's sake to a single frequency (such as frequency f;)
to designate the use of a set of transmit and receive frequencies.

Referring again to FIG. 8, it is not necessary that every base station in
system S, refrain from operating at frequency f;. It is only necessary that the
border base stations and possibly the next layer of interior base stations in

30 system S; refrain from operating on frequency f;. The interior base stations in
system S; may use frequency f; for CDMA or FM or TDMA or point to point
microwave links or for any other function.

FIG. 9 shows yet another alternative embodiment for a transition area
between two systems. The configuration of FIG. 9 requires cooperation

35 between the service providers of the first and second systems and may be most
applicable where the two systems belong to the same service provider. FIG. 9
illustrates two collocated, or substantially collocated, base stations By and B>
providing CDMA to CDMA different frequency handoff. Both base station By
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col ums show a second base station ID and round trip delay pair as do the

si xth and seventh colums. More col unms desi gnating base station ID and

round trip delay pairs my be added as needed. In the preferred
enbodi ment, vaahidgsd table is stored in the selector 5 bagcHedsygiem
controller (SBSC). The SBSC al ready st or3d the pi |l ot data base whi ch

provi des the nei ghbor lists and pilot offset and ot her such data need for

standard operat.i In the preferred enmbo t he sel ector requests t hat
the SBSC acc@®d ?’Hiﬁ | are; hiseqtorrd Sﬁéﬁ stationg PrRXiding reaveraged tand

whenever t he coVérage asea 3102 Basé stationyB;06f sﬁEmﬁllm@rbﬁﬂm@mmerbﬁag&S by

10 a signifi 'b

Topi o PO T efdendfTRUN both sectofd hnd sector B and base T s oot Sl
shoul d be t alpFaviding QWAméVIFwabpféwestort%nd sedtorB ahf mqm f0 one of the
cover age 5egi ons. Note thatlto¥era; éer@m:alm&xsaiﬂda by highvesy 812, a8k ia0fenvdtech

1 By e L, LR Ay i
| ntrasyst em Istanslazd anur@aysmmpﬁt bardeff. isused tootransfer, call contral te bsgtsstatmn

CDVA-t o- di f f g, esécv&r squ@mé fekldie hatifl cbﬁiﬂ@éi doWiChighway! 512584 6:1S4Bfter
CDVA- t 0- sarrefr har.d hando
dse ansfer commumcatlon from base station Bj, sectorp to

10 base station By, secior . When sector o. of base station By becomes the only
sector in the Active Set, the hand-down rule applies triggering handoff to
system 5j sector P of base station B,, on frequency f,.

The handoff for remote unit traveling from system S, to system S,
happens in a similar manner, between sector o of base station B, and sector

15 of base station By. Because sector o of base station B; is collocated with sector p

of base station B; and sector o of base station B; is collocated with sector B of
base station By, in each case a hard handoff can be successfully competed
without the fear that the remote unit is not in the coverage area of the target
base station.

20 The configuration of FIG. 9 has several advantages. Because the area in
which handoff from system S, to the system S, is executed is not the same as
the area in which handoff from system S; to system S; is executed, the
probability of a ping-pong situation is minimized. For example, if the area in
which handoff from system S; to the system S, is executed is substantially the

25 same as the area in which handoff from system S; to system S; is executed, a
remote unit which enters the handoff area and then stops moving or moves
within the region may continually be handing off to one system and then back
to the other. The configuration of FIG. 9 introduces spatial hysteresis. Once a
remote unit has transitioned control from system S; to system S, in the lower

30 half of coverage area 310, the remote unit will not transition control back to
system S; unless it changes direction and fully re-enters the upper half of
coverage area 310 such that base station B; sector ¢ is the only member of the
remote unit's Active Set.

As with the configuration of FIG. 8, it is not necessary in the

35 configuration of FIG. 9 that every base station in system S, refrain from using
frequency f;. It is only necessary that the border base stations and possibly the
next layer of interior base stations in system S; refrain from using frequency
fi. The interior base stations in system S; may use frequency f; to transmit
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~ CDMVA pi | ot 151 gpRlwevewhbs the rr@ﬁ‘{ot@%ﬁt ?&dx{%ﬁ to y BRStheSidVelgls 1 N
e

ent ries i n t ROALE Fh B eV G A R ivba%‘?@%s?%eereé‘é PR Ger ng
to base stati ochandsjféits kthe réspective collocated AMPS base station is triggered once the
round-trip delay exceeds a predetermined threshold, using the hand-down
rule. The remote units on the water may or may not stay within the CDMA
20 coverage areas depending on the chosen RTD threshold. Network planning
must ensure that antennas are oriented propetly and base stations are located
in such a way that an AMPS base station can be uniquely determined based on
the transition sectors and the call does not drop when these sectors become
the only sectors in the Active Set.
25 FIG. 14 illustrates an embodiment of the present invention where the

carriers operating the two systems are able to collocate two base stations.
FIG. 14 is a graphical representation. Coverage area C;, corresponds to an

interior base station in system S, operating at frequency f;. Coverage area C;p

corresponds to a transition base station in system S; operating at frequency f;.
30 Pilot beacon P, is a pilot beacon unit operating on frequency f; collocated with

coverage area Czs. Coverage area C,, corresponds to an interior base station

in system S, operating at frequency f. Coverage area C,g corresponds to a

transition base station in system S, operating at frequency f,. Pilot beacon P; is

a pilot beacon unit operating on frequency f; collocated with coverage area
35 Cia.

Note that in the configuration of FIG. 14, a hard handoff between base
station C;p and base station C2p must be performed as a remote unit travels
between system S; and system S;. Because the interior base stations are not
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communication with coverage area Cjs using frequency f;. As the remote

20  unit approaches the two collocated coverage areas, soft handoff at frequency f

is used to transfer communication to coverage area Cjp. If the remote unit

continues toward system S,, the remote unit begins to detect the pilot signal

from pilot beacon P;. When the Active Set contains only the base station

corresponding to coverage area Cip and/or the pilot signal strength of pilot

25 signal P; exceeds a certain threshold, a hard handoff from the base station

corresponding to coverage area Cjp to base station corresponding to coverage

area Cp is performed. As the remote unit continues toward system S;, soft

handoff is used to transition communication between the base station

corresponding to coverage area C;p and the base station corresponding to

- 30 coverage area Cya. The reciprocal operation is used to complete a handoff
from system S; to system S;.

The configurations of FIGS. 14 and 15 is similar to the configuration of

FIG. 9 in that they introduce some measure of spatial hystersis. For example,

the connection of a remote unit that travels from system Sy to system S, is

35 represented by dashed line 356. Note that until the remote unit reaches the

location indicated by arrow 350, it remains serviced by system S; at frequency

f; by the base station corresponding to coverage area Cjp. Likewise the

connection of a remote unit that travels from system S; to system S; is



10 link, a conpensation network maintains the constant relationship

bet ween the reverse |link power received at the base station and the

pi |l ot power transmtted fromthe base station by decreasing the pil ot
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enpl oy br eat hi 2rgount of fading expevieneést liy S remote unit in this area. Diversity 130>ne
PCT/ US97/ 0867 lapproach for mitigating the deleterious effects of fading. Three major types of
diversity exist: time diversity, frequency diversity, and space diversity. Time
20  and frequency diversity are inherently present in a spread spectrum CDMA
system.

Space diversity, which is also called path diversity, is created by
multiple signal paths of a common signal. Path diversity may be
advantageously exploited through spread spectrum processing by separately

25 receiving and processing signals arriving with different propagation delays.
Examples of path diversity exploitation are illustrated in U.S. Patent No.
5,101,501, issued March 31, 1992, entitled “SOFT HANDOFF IN A CDMA
CELLULAR TELEPHONE SYSTEM”, and U.S. Patent No. 5,109,390, issued
April 28, 1992, entitled “DIVERSITY RECEIVER IN A CDMA CELLULAR

30 TELEPHONE SYSTEM”, both assigned to the assignee of the present
invention.

The existence of a2 multipath environment can provide path diversity
to a wideband CDMA system. If two or more signal paths are created with
differential path delay greater than one chip duration, two or more receivers

35  can be employed to separately receive the signals at a single base station or
remote unit receiver. (The required one chip path delay differential is a
function of the means by which time tracking is accomplished in the
receiver.) After the signals are separately received, they can be diversity




Athird way to deal with the issue of base station breathing is through
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stations, R dtatién ROSWIR domindfl thel stgnil FRY bhECstaRYR 200 %o 26RBLeAINiR 155 is
r ef erencgl[é)aslﬁssst ation and it reports detection of a triggering pilot

si gnal err], 'the selector triggers a handoff with a target base
station determ necRasher fhanjzely ont ngtmraly and) statisticallyedeveloped rmubtipath
typi CS' | yt Eu'é:igﬁls,&hl thi 88l biattifidally hftio&%eéﬁfm %géal base st?tion hag%
second met ho -do _ Certain e statjons 3Q. are
mar ked as bour?ggiy)i}?%gge ré'{agtgl}@gpg %"anglltg%o?‘m.‘ @ge@gteﬁ %nﬁBf‘fn‘F N&he

renpte unit ARNERRA2 dsisammanione @f| theomrelying antenham aSurch abasestatiomat i on
s a 20 o uevadignratiereissshwwoin BIG, 12he reference pilot signal round trip

del ay exceeds a r8S. ALt ' y_the selecton tri,gqers
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decoding for maximum advantage. Antenna 334 and antenna 336 are
configured at such that the signals received from each antenna fade
independently of the signals received from the other. Because the receive
signals from antennas 334 and 336 are supplied to different receivers and are
30 not combined until after the signals have been demodulated within
receiver 338, it is not critical that the signals received on antenna 334 are offset

from the signals received on antenna 336 by at least 1 PN chip direction.
To introduce diversity into the system of FIG. 12, a second diplexer can
be used to couple the transmit signal to the formerly receive-only antenna

35 . through a delay line. Such a configuration is shown in FIG. 13.

In FIG. 13 transmitter 330 supplies a transmit signal to diplexer 332
- which in turn supplies a signal to antenna 334. In addition, transmitter 330
supplies a transmit signal (which in the most basic embodiment contains the
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directed handoff. Note that it is not necessary that a base station

desi gnat ed as a boundary base station has a coverage area which abuts a
coverage area of a base station of another system The hand-down rule

can be used fyapofaabdd I ntersystem han\clivggé and i ntrasyst enPOWUSRTI0B6715
Both the detection rule and the hand-do ul e may be dependent on t he

physi cal characteristics of the system The use of these two rul es nay
burden the deS| n of the nefwork such, as the plasenen S

st ati ons, e Hsnalic at itBh 8?’511}?3 Hanygi s E& bl tlﬁgeec%m andpie,
station and tﬂfplexer 342 wed dalanténnee A3t Aéfmtli‘i@ Adt a;ntﬁa%a 334 and antenya 336
remote unit 05{.{3 eg;?g@a's%haﬂﬁ@mé Sigrild Abideddifed fainl each ankemadar yhe

base station unit an se,stati n exchapnge an ari ginati
nmessage on th@@@@é&%‘tm t{ﬁ' B?‘éi“é? E}‘émggqfﬁr{fxe Yffg ﬁe%d
Channel Masagem €anténfa iab thd ferhatecunit,ain add ion toothtermﬂspextdaemeansfadmg,
channel . w&%{ gﬂgrom%@wgﬁ %@&%rtxrﬁé%‘fm& metfet{bté%ﬁy

estimate 15

gl nati.on e rounc del a
exceeds the Can Sfmﬂféfgh’odﬁhngﬁﬁ Cﬂ’@r’ﬁ Gﬂi‘%n‘zﬁgm (fé‘:dsﬁ&lff’r‘@?‘&r ?1?\’83 d
nobi ![e swi t chighid the s1grﬁbf‘dcﬁdited/rb;dhtmya Bmmw:s'rahdlé)motet ahitowith endelay he
renmote unit a _servi i n
nmessage nay dlgf%aé?r an one %ge&agﬁ)aeb% re e unllt;ll aﬁwa ggytétggtthgr to
anot her CDSA 2emote e‘qmén@yno stinguish thee sigmlpean orPeH%‘?ﬁﬁefﬁﬂeé‘@ déeénds
on the type Oldemodulfel thett HAi e pRisieed eehbodiinkat,’ fiedliversityt badef statidat a
connecti on rat heég%?gn ©f FIG 13 %&ﬁy%‘%@@%%@ﬂoﬁd%{ Iiaﬁ?é‘&ﬁﬁ&@'s} ht he AMPS

system may nof IS reason, the
action taken nust BEp@hda’g@'ﬁ'é iye| gmhediment, (delaya Jingi 1340) 6eMpRIgess 13t GAIN of
the renote Un'aB ustMBhe alementacthe gaibt Ajlistinteritnelément eetn besised thasljust thass

desi gnatl S e r gat ysit of

t he rermt un| "’Ilira??b q%ié’%éd ﬁgflﬁﬁéaoa@e S gltl%n%6 Jela@l% etsldteh%“l gsla%&mcan
be made based teansntitted tyoantenna 334.c Theradyantage of this copfiguratin mﬂﬁtéhss
the use of thaigdpl ¢dnh Anténtla3361d8eshd sighificlily interfere with other signals in

the system. However, the signal level from antenna 336 relative to the signal

level from antenna 334 becomes significant when the signal from antenna 334

20 fades. Thus in the preferred embodiment, if the signal from antenna 334
experience a deep fade with respect to the remote unit, the signal from
antenna 336 is sufficiently large to provide reliable communication for the
duration of the fade.

It may be advantageous to supply a signal from antenna 336 only when

25 at least one remote unit is located in the hard handoff region. This technique
can also be applied to any of the following alternative embodiments.

A yet different embodiment may create a separate signal path carrying a
different set of signals for transmission over antenna 336. In this
embodiment, the base station determines which remote units need the

30 diversity (i.e. which remote units are located in the hard handoff region.) The
set of signals transmitted over antenna 336 may solely comprise the traffic
channel signals for the remote units in the hard handoff region and a pilot
signal. Alternatively the paging and sync channel transmissions could also be
included. As noted directly above, it may be advantageous to supply the pilot

35 and other signals from antenna 336 only when at least one remote unit is
located in the hard handoff region. The remote units needing diversity could
be identified, for example, by detecting the remote units that require more
transmit power than some threshold or based on the round trip delay. The



sanme frequency handoff. Assume that a renote unit is traveling fromsystem
30 S[err] to system S[err] in the (Jerr]/Cerr] region. As the renote unit
approaches Cerr], it begins to perceive the pilot signal transmtted
t hereby. Using the detection rule, if Clerr] is the reference base
station, theygehg@esPr requests a handoff to an AVPS b3genikbiigean t hat
is collocated with coverage area CJerr].4®%s noted above the hard
handof f froman FM AMPS system to anot her FM AMPS system nmay 35 be

achi eved over a nuch | arger physical region than a hard handoff froma
CDMVA syst em e RidMectrangmptters ednresptheanet gmount nof frapsmitted pawsr. and

Note that thekes Willtrelfcatiintéderence iRkt BYstein Bicludingtthe Biasérentd ab over
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PCT/ US97/ 086 Mith base statinsy 20% dneHIG. #3,t deshedyliner §48, illusteates ithessecppdi ng
jsvw't t Chedt 50 Emwuaad i ent ?rfr@ﬁemb ; béiarafe ; ngbaw da}[riyingﬁ dﬁffétﬁﬁ%%@t&ﬁﬂ%ignals oG
i nt er system har n et we Syst em | igh. . .

8 illustrated™ I’fée%sgpbﬁ‘ aﬁ‘i‘é“eo%%%ft ABh ‘feEﬁye ﬁ”%?“&%ﬁh? ﬁ'&)ﬁﬁ"ﬁls thet 18y ent
frequency hamgoéssaryl is iRfi@edgwithin tmapsmitterr33®pondi ng to system S2 is
ignal s at frequene g i BErSEd that e QETHE, aBlatot ks fok el o peanne
S onal o at - cotogted it 844 bask station, "B Gebid BeiaeParpled b Tarep titiengy ed

syst em S[18r r jmay badocatedharedr the hard hamdioffaboundary. sydteznatdielys instead of
communi cat i nngﬂ{fgﬂxéf&ﬁér FARRIACANIG | 4HteNrta 3 trdsmit Bt si&[ %?E\]al Qe | s

o SO CoRi b T AR IR T SOUSH e

may or may ndt
stations of eotlkbe ayighly direstignabspetyaitenng[wehich focudestenergy on ltbe hard a

pi | ot g‘[’r@aﬁﬂ]'afi“fygion.t he detection rule can be used. Alternatively, if
Cerr] a err becone, t he only base stations in the Active, Set, the
and dowS ul 6 ¢ ERESIaY FEIwaBiPEREE RBEREAR TAY P4 RALSY o0 B Py

exceeds t he tsepastebignal path in comjurivtionoeith aadistinchodritenmal| bh thés castemtorea
col | ocat ed AW&Q&?%&%%i &RiéMeHhB? assi%ning[ @' digRil td Ye' fransmitted by theTNe
configurati Ondis?tfinc'i acr%tennahaa ditferent PN o%lse? thar the PN offset ngﬂnally assigned to
transmitter 330. In this way, the base station executes a softer handoff when
20 the remote unit enters the coverage area of the distinct antenna. The use of a
distinct PN offset is useful in identifying when the remote unit is located in
the hard handoff region. The embodiments above can be implemented with a
variety of different topologies to provide the same results.
It is also noted that there are several methods by which to introduce
25 diversity into the system. For example, the effects of fading can also be
minimized by vacillation of the phase of the signal from the diversity
antenna. Vacillation of the phase disrupts the alignment of the amplitude
and phase of the multipath signals which can create a deep fade in a channel.
An example of such a system is detailed in U.S. Patent No. 5,437,055, entitled
30 "ANTENNA SYSTEM FOR MULTIPATH DIVERSITY IN AN INDOOR
MICROCELLULAR COMMUNICATION SYSTEM" which issued July 25, 1996
and which is assigned to the assignee of the present invention.
The deleterious effects of fading can be further controlled to a certain
extent in a CDMA system by controlling transmit power. A fade which
35 decreases the power received by the remote unit from the base station can be
compensated for by increasing the power transmitted by the base station. The
power control function operates in accordance with a time constant.
Depending on the time constant of the power control loop and the length of



configuration of FIG 7. FIG 4C illustrates the advantage of handoff using
two 20 different CDVA frequencies. FIG 4Cis a highly idealized

representation of a handof f regi on enploying two different CDVA
frequencies follow ng the same format as FIGS. 4A and 4B. In FIG 4C
base station Q7148988 0t transmtti ng tlr affic channel sixgyWs97/0867t he

sane frequency as base station 200 represented by the dashed
transm ssion arrows enanating from base 25 station 205 and renpte unit

155. Boundary e ts_the poin iabl e co nication
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205 is transmi amongt of pransmiftéd powprds rediedathvos redading the téfal dnkefedersce 0
the pilot signgly dyqse station 205 to the signal between base
station 200 an rer?%meu t 155 is significantly |ess t han t he

i nterferent® producatinpte gbmes?‘a?qfﬂﬂ“%‘ ivaith (Blfes 8 one ngtanlaﬂf%Wh‘Ch a
channel si gnal kardheidefomay heed dabg pb%rm&dri&lﬁhnﬁhhﬁﬁﬁrmtﬁhihhseréxhéid aRit205
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t han boundary ngt change the ﬁeq‘f:'f“cx(fér“?ﬁ ilé ft ogerra ges? ewfthn% hesmgle C§gttéé§whé

el i abl e commfERlEotich 2 handofianay basnadn i speWiEereTERes ovith 2 pegs tamd
base station 2p&inatmidregraeaclinks which Rgrates 1if8 chbeixivb@itebortidahy ®Mand

boundary 160 15 6RERLGSyAkfcheto HARARORSIPLEE blarkdl? AR SClindle .
iod

pil ot signa ase stat iflo
a pil ot beaconfrgarencysethay ?IGDJYIA? M\%yﬂlf ereqf ifrequency hamdaffican wcicaer at

through base sthetbounda@p of My systemot inCH) GyvpBing o IR microw Ml Tighk! Y40l il i s
to base statiog,zd0 HRAlediOUaflaitorhE* micFth sVl 1 4Atheh"eHdb and directional
microwave antenna 135. Because directional microwave antenna 130 and

20 directional microwave antenna 135 are highly directional, point to point
microwave link 140 has a very narrow field. As such, the other base stations
of the system such as, base stations 115, 120, and sectors 50, 70, and 80 may
operate without interference with point to point microwave link 140.

In the example of the preferred embodiment, the CDMA signals are

25 being transmitted at microwave frequencies and therefore the point-to-point
link which intersects the system only interferes if it also operates at a
microwave frequency. The point-to-point link in the most general
embodiment may operate at frequencies higher or lower than those generally
designated as microwave frequencies.

30 Although the techniques previously described herein may be applicable
to such a hard handoff, typically the intrasystem hard handoff has an
advantage over the intersystem hard handoffs in that the two base stations
between which handoff is to be completed are controlied by the same
controller. FIG. 11 illustrates an alternative configuration for providing a

35 CDMA to CDMA different frequency handoff using a single multi-sectored
base station. Both base station B1s and base station B;g have two directional
sectors labeled sectors o and B. In base station Bja, sectors & and B operate at
frequency f;. In base station Bjp sectors o and f operate at frequency f,. Both




boundary 181 and boundary 189 represents the area where a handoff of 10
communi cation from base station 200 at frequency f[err] to base station 205
at frequency f2 or vice versa can be acconplished. Notice how nmuch

| ar ger region 174 is than region 170 in FIG 4B. The |arger size of
region 174 i sygdrmaadssy advant ageous to the hard handof f o pf&8RsE7 The
fact that two different frequenci es 42re used does not greatly e*fect

t he hard handoff process because in 15 either the same frequency or

different frequency, case, the transfer of conmuni cati on has the 'break
bef ore make' %ﬂ’&? %!ﬂm A ¥k base gtation; Bis hage one oFmnidirectignal gectativint age
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sinplicity's laidRff Qs’ i’m?ﬂéﬂﬁét%l); rtﬁﬂ%'@r@&yn(( Fh&tterd WHat SRR kip ddlay is. O

desi gnate the,use tra ecei ve fr uenC| es.
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base stations jpn. 30 st e refrain 0 at | ng enc
flerr]. The i¥ta&Mm o?YSZ 5& ffﬁi“ 1 53{7 ?@ﬁ&}i& e@%@?‘
flerr] for Chigmmunichtion WiHMAector pafrtase stapionrB; o, and snftco“rcmmee handéff tor f or

any other fungiid& the connection to sL:&or% 51*"931@ Q(Qﬂor@@ eéoﬂalh%ﬁﬁgﬂt isVfhen
enbodi ne fors&atrans Lt

conf i gur tp|Eahalrr, 1B GPRAEHioR dp SAGOF /07 Bese B HE L —
provi ders of astrebdundary bask stadomdAs yeoreassextat Yofjbdse stativin Bip becoppdsi thabl e

where the twQrdy %&ﬁsep%kqw&cava%s&nﬁr& RaNkio f%ﬁ%%% y of Base station
|IIustratest B g u%gt‘gntlallyc | ocat e bas I ons
Blerr] and B[ ectSf F?S VARl tﬁé BEVA different fr equency handof f.
Bot h base stati On I‘BPtérth]at this configurationD 208ty inte@Bices spatial hysteresis in that
34 20 once operation HASThbE? hrBiidrred to frequency f,, operation is not
transferred back to frequency f; unless the remote unit enters the coverage
area of sector ¥ of base station B to such an extent that it become the only
member of the Active Set. Also note that the choice of using three different
- sectors rests in the fact that most multi-sectored base stations are comprised of
25 three sectors and therefore available base station equipment typically supports -
three sectors. As such, a design using three sectors makes practical sense. Of
course, a greater or lessor number of sectors could be used.
There are two different types of sitnations in which such a
configuration may be used. The configuration of FIG. 11 can be used at a
30 location where all traffic must change frequencies. In such a case, base stations
to the left of base station Bjs does not use frequency f; and base stations to the
" right of base station Bqp does not use frequency f;. In such a case, all remote
units entering one side and exiting from the other side must transition
frequencies. In an alternative situation, base stations to the right of base
35 station Bjp use only frequency f, such as for example because a microwave
link prohibits the use of frequency f; in that area. However, base stations to
the left of base station By can operate on either frequency f; or frequency f5.
In such a case, either all, some, or none of the remote units traveling from

=




and base station B2 are bi-sectored base stations providing coverage to

coverage area 310. Base station B[err] of system S err] is providing CDVA
service at frequency f[err] in both sector a and sector [err] and base
station B[err] of systemS2 is provi ding CDVA service in both sector a
and sector [ ewo]e7/ad98% r equency f2. 5 Not e t hat cover ageTasenossi0 i s

I ntersected by highway 312. As a renote 43 unit travels into coverage
area 310 from system S[err] using frequency flerr], a standard

i ntrasystem sq)fa%E ff. | e; £ tr t teat jon
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mlcrowave antenna. Beams 360 and 362 may be created by the same antenna
as the microwave signal, a different but identical antenna or an antenna
defining a slightly broader coverage area than said microwave antenna.
The first topology in FIG. 16 has the advantage that the cone of silence
30 pilot signals do not interfere with the point to point microwave link even if
the point to point microwave link operates at the same frequency as the cone
of silence pilot signal. The first topology has the disadvantage that if the
remote unit passes through the cone of silence pilot signal beams without
detecting the signals and without changing frequency, the connection may be
35 dropped or the connection may continue and produce interference for the
point to point microwave link. Also if power is applied to the remote unit
while it is located within beams 364 and 366 the remote unit will be unable to
detect the pilot signals and may cause interference to the microwave link.

ase




fl[err]. The interior base stations in system S2 may use frequency f[err] to
transmt WO 97/ 44983 35

PCT/ US97/ 08671 CDMA or FM or TDMA or point to point mcrowave |inks
or for any other function. Also in FIG 9 it is not necessary that the
base st ati orwe@ 93apE3SEe exactly two sectors and a great epciw®msef
sectors coul d be used. FIG 1%%shows a situation in which a CDVA
system borders a system 5 providi ng service using a different technol ogy.
This situation cajl1_ be handl ed %%alm | ar manner than FIG 8. EIG 10
shows the speci al 1peSICERIAG Bbtﬁnﬁyt e bidirectignalandras sysh opssation of 4he s
Canada on onénki nhay réquire QWO(EDMESfreq\ency chainels.dainy ohe tentisvdieht, otwo and

canada. A T eepiiAlRRRre BIR chBfinkls &k didhred to aféwﬂﬁ Ha ehalet  pBi Wb bines- 10
On the USA side o f{il'le 'HSF)%\S em err

Canadi an si dE“S*O‘Yh‘Ee Nieriwe ferwardylingo coge ﬁﬂ&?‘@dpﬂ%ﬁlﬁmt]ﬁé‘fQSA
Snd Caradsaﬂtﬁr\dﬁﬁﬂedmahetanemsﬂéﬁ& SoNEragarca cotfbs mln Ctotéaehtzii]gtheﬂ
igital technp \V tSI of .t he
Gystem o RRbdliERe 1K PR '%Bk?kf%%@%?‘?e ifF 14 BRimP b bipdt SRCL I or
handof f. 15 thiswweaethe mwrlphél%lm@@ gvmian ther poind to poiat micowavedtink n
the coverage coveragélaeda Withnft Eﬂ:eﬁeﬁﬁi t\/ﬁﬂh%ﬁei@ﬁ&‘l 2omanirficatiorn dtileer Of

the coverage (o) i ve..col |l ocated AMPS base
station is t#ﬁ%é@?%‘%ﬁ%‘éﬁ Wetempa J‘; L?I’IH\ h&?{f’e Y ve&'(%eds a predeterm ned
threshol d0 using Impetr @Imbodlmentu thecpilatsignalmaxbe ablestote-exist atther nay
or may not Stsﬂﬁ‘teV\frE hmtﬁtme péint qe\/]%xag%@fmamn%mu@%ahbﬁl Rosen

RTD t hreshol d, n at ant ennas .are i ent ed
properly and® tﬁgﬁ chﬁgt (Qr‘@gﬁrg’tfﬁ?‘é?d% the' P‘?‘ﬁg g‘b?ﬂ“& TRYOVALE Utk APB. base
station can KEDMA gdet sigdel israbroad brask dowrpower, spiead ispectsumi signale Fhiss and
the call doewtofdilgﬂalv‘/@@e&m Sﬁc'fsﬁﬁ?lebman noiseN€ Qthir bPIF I N

t he Act | ] SEher t
nvent i oriSunepEpRpicetion syiems, e Bl BRI, Sikee et mfe t0" "
col | ocate twomiquelyseblei dasco-exist Witls, other scommumitation  systerns emtithauin.

Coverage ar eandh@hglsigaficauiciferefic@n

The distance between two point to point microwave link antennas can

be much greater than the distance between a typical base station and the edge

20 of the coverage area which it defines. Therefore the delay at which the remote
unit perceives the cone of silence pilot signal can be significantly longer than
the delay typically associated with a cellular system. As such, it may be
necessary that the cone of silence pilot signal be recognized as one of a set of
consecutive pilot signal offsets. For example the delay induced in the cone of

25 silence pilot signal is greater than the normal offset between pilot signals
causing the perceived pilot signal offset to be mapped to the next consecutive
pilot signal offset. This type of operation is typically not a problem because a
typical system uses only every seventh or eighth PN offset. The set of offsets
at which the cone of silence pilot signals are expected may be added to the

30 neighbor set so that the remote unit searches for these signals in the same
manner that it searches for the other neighbor list entries.

Upon detection of the cone of silence pilot signal the action taken
depends on the base stations with which active communication is established.
Because the same cone of silence pilot signal may traverse many base station

35 coverage areas, the pilot signal itself provides very little information as to the
location of the remote unit or the action that needs to be taken. The base
station and frequency to which handoff should be made is based on the
members of the Active Set at the time the pilot signal is perceived. Also the




interior base station in system S[err] operating at frequency f[err].

Coverage area (ferr] corresponds to a transition base station in

system S[err]operating at frequency flerr] 30 Pilot beacon Plerr]is a
pil ot beacon unit operating on frequency f[err]collocated with

coverage areawilo9iadogs Coverage area (Clerr] corresponds to arpgwisetnssn base
station I n system S2 operating at fré uency f2. Coverage area C2B
corresponds to a transition base station in system S2 operating at

frequency f2. Pi]ot beacqn P2 i a pil beacon unit gperating on
frequency f2 cAteBct gt%ephcggaebeaggtegpg%cg%y tgfe‘T'F’f‘. ers of the ACt“ﬂ?)taé‘dt hat
in the confi guCatdidatecdets| Bddiionallyhahe drdiodofof bé ¢akenecowddsbe based enathieon
Cerr] and ba at i CEiR i bsHt tHae fo?r SR4 4 gig%_u' t:

bet ween systeﬁg §| ée‘?% qglﬁd system R‘%rri,.O@Becaﬁgg’ﬁtre Lntgri§¥SBb§£sZ‘M Z’t? ons
are not advantagepus tp postppne the action to be taken until the signal strength o

PCT/ US97/ 08657 1the cone of slérsoeipilot Bigrial akdeeds alsacurl highgn dreshdld! [Because the
frequencies from, Mifegc@g%E giﬁnal i{?{b‘i}%{liﬁ\gts% ﬁﬁféfeinfbﬁﬁa{i%' ?Ré 'sﬁufr% n@ﬁot
comruni cati on between pase station (err requency f[lerr] and a
renote unit | odgmaldoffsettmay duw upedyshzgughouty ther systern toopratect a plurality of
Li kewi se, the differéttipoihtto0poit® Mitiiviitel links)elPER 1678R oftbvah@B644Rded66 S
Ly cauency {2 agd o, Lell ol G781 g kBB PRYGRASE, o2, LTt 21
FIG 14 isl@he co- |Ibthe distanse betweerc thecdwaypoint 4o potitemicrowavie Bhkrantennas
0 e b b sk o ot aEwele
coordinett on 05 HEERAIGAND. Y TS hannl 5 Brinda sRiGET 4
physi cal faci | FDMA Aystem iscdeteiladoinaed-pending U.8i Batentapplitation Ne.sQ8/522,469G
17" cp o itmed© S Liiuany | WimeOtase s el Cer o0
gggd iCere n? iipg‘?‘yg{l%t 3{1h &jcggésngé g‘C’Sng"%'néé’rt etaﬁgng% og eP Eetggxfti BRE Sy er age
areas substanti al | yAliezmatiyply, Thsexigsm of ainterashpravdding she csgime orsdifferemtc
approxi mat el y §ffset pflofB@jlithcédsd @in Bestalled along SV PARISE MeSRtcraWwavel1EASh
}c ;O{T}hgngaﬁgqgg rxa’lglre% relarrowly and ﬁr@cis%l} 84 relishle H26Rk the Sne'ar si*e?xge QRgration
: Many of the concepts of the present invention can be combined. For
20 example the detection and hand-down rules can be used in conjunction with
physical coverage area configurations which provide both intrasystem and
intersystem spatial hystersis. The rules can also be combined with other
network planning configurations to provide maximum benefit such as the
use of CDMA to CDMA different frequency handoff. The parameters which
25  control the soft handoff process may be augmented to increase the number of
members of the Candidate and Active Sets. Base station breathing may also
augmented. The remote unit measurement directed hard handoff concept
can be combined with physical coverage area configurations which provide
both intrasystem and:intersystem spatial hystersis. It can also be combined
30 with other network planning configurations to provide maximum benefit
such as the use of CDMA to CDMA different frequency handoff.
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
35 those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty. Thus,
the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the



sinple. Arenote unit traveling in system S[err] toward systemS2 is
initially in communi cation with coverage area (ferr] using frequency
flerr]. As the renote 20 wunit approaches the two coll ocated coverage
areas, soft handoff at frequency f[err] is used to transfer

comuni cat i oWat99/448¥er age area Cerr]. If the renote unit TryseRbdshnues
toward system S2, the renote unit begins detect the pllot S|gn
frompilot beacon Plerr]. Wen the Active Set contains only the base

station over ar err] and/or the pilot signal
strength of 6 : §S§§%H§,6%5$9 ‘ﬁgaeﬁﬁﬁgaﬁ ertain threshold, a hard
handof f fromi®eABdse station corresponding to coverage area Cerr] to
base station corresponding to coverage area CJerr] is perforned. As
the renote unit continues toward system S[err], soft handof f is used
to transition comuni cati on between the base station corresponding to
coverage area C2B and the base station corresponding to 30 coverage area
C2A. The reciprocal operation is used to conplete a handoff from
system S2 to system S[err]. The configurations of FIGS. 14 and
15 is simlar to the configuration of FIG 9 in that they introduce
some neasure of spatial hystersis. For exanple, t he connection of a
remote unit that travels fromsystem S[err] to system S[err] is 35
represented by dashed |ine 356. Note that until the renote unit reaches the
| ocation indicated by arrow 350, it remains serviced by system S[err] at
frequency flerr] by the base station corresponding to coverage area
Cerr]. Likew se the connection of a renpte unit that travels from
system S2 to system S[err] is WO 97/ 44983

37 PCT/ US97/ 08671 represented by dashed |ine
354. Note that until the renote unit reaches the | ocati on indicated by
arrow 352, it renmmins serviced by the base station corresponding to
coverage area (CJerr]. Therefore, between arrow 350 and arrow 352 the
service providing communication to the renote unit depends 5 on which
system was provi ding comuni cati on when the renpte unit entered the
region. The renote unit may nove around within the region bet ween
arrow 352 and 350 without handing off between the two systens.

Referring again to FIG 4B, another solution to the hard handof f



i se the size of hard handoff region 17Q. One of the
aﬁ“““ﬂl“ﬂ”“" lm regl on IS so narrow is due to the eff THFS‘S Eﬁﬁﬂsw

ecausec a u emot | ocated within hard handoff refgion
est abl i sh com‘rum cat | on with either base station 20d l nn
205, if the swiperl44983 fades with respect,40 the active basE:’HUS?ﬂIﬁQﬁﬁl but
does not fade with respect to the inactive base station, the
interference fromthe inactive base station 15 becones significant. One
nmethod to increase the size of the regieq QMg he reliability of the
communi cation within the region is to mnimze the amount  of fad| ng

experienced by the kendfe arfommunigations, AEtwprk o drj Whickh  @ndnetwork 5 useach
for m tigat2ngcémamsttatbenising acfehtutt suit willi arpthdhuser viaj ar leaytpene diase

diversity ex s;tgasg,ggm& chg{e@wmu\m Bic SAIGARIE ¥ el et BRSBTS 14 V-

Time 20 and f are eren pread
spect rum CDWA first coverage area and 4 second @satmn/bagmya swmmqura@es@e@.aa | ed

pat h.diver sitymdifod rfsatpedviayn comrfitthichBbAs Sdaweén I%ﬁid‘fer@éteauﬁﬁ”m said

S el ks, et Sham, soid ARSI e 4 BB ek g o2
arriving with einidleareouslyr ipsaidtsecpndiebegrage area ar@(&ﬂmrem ofmpuatriicatioreisi t y

expl oi tati og apgt 'és&éﬁ%ﬁ@d btwBert)- said Retaid lM?.e station Sarkf bard rerriots URHit

March 31, 1992, entifle OFT HANDOFF I N A CDVA CELLULAR TELEPHONE
SYSTEM', and US@MPPSKgne “-Ps5°‘"109 390, issued April 28, 1992,
entitled "DOVERSI TYpRidieing=g first dttﬂ@l%nﬁﬁhhiﬂaﬁiﬁﬁ@ignﬁﬁﬁﬁﬁd]ﬁ&t%imtiomot h
assigned to th%\t@ﬁ&écg?&esa‘?cfl r&&%téj{nﬁﬁent i nvention. The

exi stence SNVir onme,| t rovide path diversi

wi deband syst efFRRTIttng FAm AR an SRGeh e diustadiecpmipppication ®

di fferential psignabfloayadirebémentdzan one chip duration, two or nore

receivers can b S ab&intn S gle
jocei vers, 31 oo DachIRkOL K SERRCILORLREAYS HPRIIOPIREL 4 i

del ay di fferentdFk?lyefl§CH"e commypication sighaline neans by which tine tracking
i s acconpl i16hed in trhnsmittingr droen v eaid) firstt baset btatibhgsaids faste delqyedatetiye

received, they Gagficatiorts é%h Vfrom a second antéfnd UKHAR3said second antenna is
38 é
18 configured such that sa1d rst active communication signal and said first
delayed active communication signal fade independently as perceived by said
20 remote unit;
producing a second set of active communication signals at said second
22  base station none of which are intended for said remote unit; and
transmitting from said second base station said second set of active
24 communication signals.

2. The method of Claim 1:
2 wherein said first active communication signal is a spread spectrum
signal which is spread with a series of pseudorandom noise chips each chip of
4  which has a fixed duration; and
wherein in said step of delaying, said first active signal is delayed by at
6 least said fixed duration.

3. The method of Claim 2 wherein said second set of active
2 communication signals is modulated in an alternative communication

technology.

4. The method of Claim 1 further comprising the step of tranémitting
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con.j- ﬁﬂ Bﬁiﬂmllwm ecodi ng process. Thus the total conbined energy from
t he s is used in the decodi ng process I Rl LTt
cr TN R

acCWw acy of the decoding process. Miltip
typically exhi bit independence in fading, i.e., dif r entRE AGE@at h
si gnal s usualidyfaegsnot 5 fade together, Thus if the out petToseTioBéet WO
receivers can be diversity conbi neo‘?sa significant loss in performnce
occurs only when both multipath signals fade at the sane tine.
Referring,again 1o, FIG 4B, assune that .base station 200 is the, active
base. st ar Pon S Sk apve. T RISGAROF HE1  GRCEAEO AEHR CORAPbAS2 ¥ at  on
200 10 t hat ofotherective signhls transntitted from kald fitdtantevmacdbeshiisecsaid irgmalts f ade
i ndependept | Y;nfi'is W5t inl $88RERAEYdv¥ra 'gk%g_,gfore the total signal from base
station 200 does not experience the egp ades that occur when receiving
only one distinct signal. As a result, the likelihood that the signals
from base st Bt The méthodidf |Cldinyi Infiirther honsprisial the @mplaaSmeasxaﬁﬁg) At I200
to renot equnit: 1 [ | es . t . 4 A y
and stati 21 2 %y bhed et f round, trp delay SR < btAVE oA
artificially sxgﬁ\ail ey Lerdgr ta, ldypnb'aﬁtqia@ed JEmate fumissistlpeated in gaid cdegond
ant ennas qndcga@agéafg‘am’tti ng antenna. Oten the transmtting ant enna
is same as one of "the receiving antennas. Such a base station 20
configuration is shown in FIG 12. In FIG 12 transmitter 330
suppl i es a transnbt Thegnethodoflpine ddurgep comprising the stepstofi n supplies a
si gnal tozant ennam3duringt &N R&Id3 2émBUP AlNie Sa SsifhdiSlevel of lsAkEifitst Seaval to
port 1 of receiver 33§ and aar]tenna 336 supplies a second receive
signal to porPTIMBPPERREI*338. Wthin receiver 338 the port 1 and 25
port 2 redeive si peportingby ssidprenote| ynit said signaldeuel toesaid dirsti basd stadia e
decodi ng for ggaxi mum advant age. Antenna 334 and antenna 336 are
configured at suc hat. t he.signal,s.regeived,from.each antenna.fade, .
i ndependegt ly of pﬁ TSR gof‘gg%lfi\fé@"ﬁﬁﬁmeit%‘@ e Temass Ut s tl?l"é‘g‘?de&’éi ve
si gnal s fr omsaid sacond coveragmared3s are supplied to different receivers and
are 30 not conbined until after the signals have been denodulated wthin

receiver 338, it LS ot criti that_the.signals received on antenna 334
are of f set ¢ 7ot metiof ATt Y b SR ohd iy WoRRled 320
chi p dire@t i o within said secongsoyenage @tracany] isanodilecatedhatosaidh basgstadon.of - FI G
12, a second di.pl exer can be used to couple the transmt signal to the
formerly receive-gnl 0 el | .conf i ation
o chown [n PG D3, néBER0E SPCld s deltf o2 bocpla aiEtg iF A gty
transmt $i grélirectional spab amtergep having aicoveragn ares doeatgsh npats op wWithinasaido :
antenna 334. geforitllébveragt areaansm tter 330

9. The method of Claim 1 wherein said step of transmitting from said
2 first base station said first delayed active communication signal from said
second antenna is performed only when at least one remote unit is located

4 near said second coverage area.

10. The method of Claim 1 wherein said first delayed active
2 communication signal is transmitted from said second antenna at a lower
power level than said first active communication signal.

11. The method of Claim 10 wherein said second antenna is a highly
2  directional spot antenna having a coverage area located near or within said

second coverage area.

12. The method of Claim 10 wherein said step of transmitting from
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suppl | I I gional (which in the nost basic enbodl ment contains the
sanme sitgnal st ad' t He ori gl nal transmt signal) to delay | hRIS3QEETNHAS BEEN
di pl exer 342 and to antenna 336. As in FIG 12, antenna B34 amfPhACENMhna 336
are confi gur eMO9Ue498x hat t he signals as rg ei ved from ed(mmej
renote unit fade i ndependently. Because both signal's are received through a
5 single antenna at the renpte unit, in addition to the independence in

fadi ng, t Q‘o?l& Hgt %5&%&&0 f&gt ﬁeq%?eﬁ%ﬁ C{)H‘gngl‘gl ﬁng Sl%@t é‘é{ﬂ;g&l}ilh ﬁte

t he rermteu an separ a eI ui's

adds suffi ci esecand ar;teena is per. edh@nlyl when atalea%ttm pymeiet upitais3eeated
arrives at 4t heheafpaitiaetonid cm&&g@a@ej ay greater than one chip relative
to the signal fromantenna 334 so that the 10 renote unit can distinguish
the signals and separately receive and denodul ate them In the

preferred enbodi nedd., Thieemgthosk of Claiad?2 vehexeinosaid secorchantenpnaaisi @ highilyF| G
13 is only Wsedirécﬂohgﬂesmrﬂﬁénﬁ@ﬁﬁvﬁxtgaﬁ'cBQ@rage area Cljocated hBa:2B %ﬁﬁﬁnéﬁxﬁve

enbodi ment, del a (tl ne conprises a gain adj ust nment e enent

gai n adj ust rrer?f"c%} Ffevrﬁra%ea?feﬁ'e used to adjust the 15 |evel of the signal
transmtted by antenna 336 relative to the signal transmtted by
antenna 334. The agyantgge, oéod‘{ﬂualea rlsOUetoll it Wiah | BC netwo 1{'9&%'
from antenna 336 does not Si cant I nt wi th ot her SI na s. 1n

the system? HEREYBRMCARS USIDEA remoty “F‘F*oml PBﬂ I J6T Vad At ileas t%‘et

si gnal | estatiord, rsaid eorhanmdcalvhsbaelwmrk isichyrlifg eafidst bhsstatien Hag af rom

antenna 334 2Q;,of AdRsace 4tz ah& e%‘éo?& grfagé gtgﬁoﬁ m@%ﬁ@w{ﬂ c&b&aé& f rom

ant enna 33 épF ence r efno

the signal frdhftho n53f6>“§“§uﬁt+%18ehﬂvgﬂma$ag% TEROLR d%ﬂlble‘“\deﬁalébl e
conmmuni cat i6on fretr halae statlon dwher i saidoferhbite fumdie.is in said first IdoveRgeband
advant ageous t st one
Corote ani {1 ST oRaRed %S‘E‘%ﬂs@%’ gﬁ%ﬁb@?@r@?gﬂﬁw P‘*—“}F%ﬁéﬂu& atiBR%h

al so be ap& i éH’ t g5t %\ HRveeB paidy ryondt E?ﬁ?aﬁa@'\?neﬁ%‘édﬁﬁénf@wte umt

A yet differ erdongrising thenstepmpf:cr eat e a separate signal path carrying a

10 producing a first active communication signal at said first base station
intended for said remote unit;

12 transmitting from said first base station said first active communication
signal from a first antenna;

14 transmitting from said first base station said first active communication
signal from a second antenna;

16 coupling together said first and second antennas to create said first
coverage area; and

18 changing over time the phase of said second antenna relative to the

phase of a first antenna at a rate sufficient to reduce a signal fading loss
20 perceived by said remote unit;
producing a second set of active communication signal at said second
22 Dbase station none of which are intended for said remote unit; and

transmitting from said second base station said second set of active
24 communication signals.

15. The method of Claim 14:

2 wherein said first active communication signal is a spread spectrum
signal; and
4 wherein said second set of active communication signals is modulated

in an alternative communication technology.
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diversity ( renote units are located in the har
The set of Si gnal s transmtted over antenna 336 nay lselel

the traffic woomsgannel signals for the renote units in ttﬁ;ll?@sfgelmdgwdoff
region and a pil ot "signal. Alternat PPel y the paging and sync channel
transm ssions could al so be i ncluded. As noted directly above, it may
be advantageous to supply the pilot 35 and other signals from antenna 336
only when at |east one renbte unit is | ocated in the hard handof f

regi on. The renot déurThesmethesti ofyChiimetdsiutrther @ohtprising threstep & ttrdnisaibtingor
exanpl e, ans

Cone < A PROEAPSobSTEAE L3t sk A o, g AL

WO 97/ 44983 ©of other active signals transmitt om said first antenna becauspm¢t§tgﬁ71
use of tvvaLtrmsislbtaedmedldcmomdleomhgamant of transmtted power and
thus will reduce the interference in the systemincluding the interference
to renote units within hard handoff ion 170 which are in

comuni cat i on Wi/t Theamethodaof Glaipptd ﬁl“?thﬂ compgisingathiecstep of nepsaring
illustrates ti}%aﬁpﬁfﬁﬁ@age staﬂb@du roud #ALS delaly Wi saﬁpﬁfs@faﬁtﬁé ¢BAImAA ézt&on

carrying a dlfferent ) sune ny
del ay bet weerF P& Hle® e % écrfteéﬁ%zyt‘ﬁgt s?'éiaremo'ﬁeb‘é‘é CF‘Ee HYy g8l in
transmitter 3IByerage area It should al so be noted that t he second

radi at or does not need to be coI | ocated with the base station. It could

be separated by a.arge d| be | pcated near the hard
handoff boundary. It At Ve %Ingfcf Ié%lrﬁt%}{comprﬁg}& e HEPS S mer | y

recei ve- o y ant ermeasusing: ahssaid nemote| upitsiat gigralriavel wliesaid firsti aptivle

coul d be tramﬁh&%aﬁfogng%ngl stinct antenna. The distinct antenna

coul d be hi ghly d cti.onal ot _antenna,whi c uses, ener on the hard
handof f rzlgl on. 195€P portin gbysﬂﬁdé 881 gf‘ﬁysaé‘t!ﬁmgbeé’é&c'é@ﬁf ﬁﬁgéf‘lﬁﬁhﬂ%y be

achi eved by wndg a ~ separate signal path in conjunction with a
di stinct antenna. ddteﬁiﬁh&ng?&ﬁﬁn ST Signal level] WRitSdald/ ré¥teO BnfiCH R¥AEd %
assigning the aﬂggc%lndtc%vgf“a L gasm tted by the

diff als for transm ssion over antenna 336. In this
enboﬁnm lI“E“IE mml‘stat ion determ nes which renote uni tisT, 'ﬂ N
whi ¢ d a?ééiiﬁ%%rr

19. The method of Claim 14 wherein said second antenna is a highly
2  directional spot antenna having a coverage area located near or within said
second coverage area.

20. The method of Claim 14 further comprising the step of transmitting
2 from said second antenna a pilot signal only when at least one remote unit is
located within said second coverage area.

21. The method of Claim 14 further comprising the step of transmitting
2  said first delayed active communication signal from said second antenna at a
lower power level than said first active communication signal.

22. The method of Claim 14 further comprising the step of transmitting
2 said second active communication signal from said second antenna only if
said remote unit is located in said second coverage area.

23. The method of Claim 14 further comprising the step of transmitting
2 from said second antenna a pilot signal.
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sof t er* handdf f "whé&n 20 .the renpte unit enters the covera

assi ol IRHFRNTITFINRERR < o =20 157 ni oy, t e 822262%%%%%9%
'ACED®

di stinct antenna. The use of a di stinct PN offset islusef

I dentifyi ng \We®R74498 renote unit is | ocat in t he har aclrarssiudsé71
regi on. The enbodi nents above can be inplehented with a vari ety of
di fferent topologies to provide the sane results. is al so

noted that there ang SeKShahoRIHA Y dthh ngf&gph@fr{ggﬁ\‘écﬁ?%@§gtﬂh¥rﬁ"t§h§y

into the s stem For

m ni m zed &Hmsm f 1554 bage ﬁtﬁféorpﬁragbsaéﬁ ss%%wgﬁa\mf% page Ard gyneekannel
antenna. Vaci lsigiidlon of the phase disrupts the alignnent of the anplitude
and phase of the multipath signals which can create a deep fade in a

channel . An exarrpl e of such a systemis detailed in U S. Patent No.
5, 437, 055, ent | t e@53(5f emethodnd Clgirs 28 furthercopprisingTthe step/BRBARAMItNNgN
| NDOOR W %Bh@\dnséfﬁ;EEM a \Hfedant PRV BFFsetUihtin 2 first 996

and which i s nee present i nvention.

The del eteri O}fo‘g%@%{l%&g m?%%fﬁé’ dggs# BREAB: controlled to a certain

extent in a CDVA system by controll | ng transmt power. A fade which 35

decreases the powengr ecgi vaedcmmmwﬁmt etk | LMty bgsg efb @ QLeFan
e

be co ensat e 0 i ncreasing t ransmite basée
station. THe mBBWé‘[es %ﬁf‘gcﬁ remfte: i Wg@r eF 1SSk ViR @éﬁ??ét \Woenhbaget i me

const ant . statigye seidmpetwork ireluding aclinstbaset statiort havingve rflrﬂi)cfﬁvl’eﬁégel &ep and
the Iengthgof and a second ba\é@s?gﬁdjtém d
PCT/ USO7/ 08671, a.fade. L system ey cBhipensafe C}he f ade

by increasi ng R Mtcomm“ﬁ‘b‘fﬁé'r‘méf bﬁ’f‘é"eﬁ‘a%‘d feé{‘?%n ““\‘hé‘“ﬁoﬁ?‘ 5(5
| evel traném tstatibrf whenishisl remoteasst it it saidh first coveeaget andisirhulktaedhshe

i ncreased Vme%afd‘@eéoﬂao&ﬁz ijet ai'e% Hi'd wherteh'? Joﬁgrhﬁﬂ d! gf)\qh e 0o &ggquplgrﬁ'd()ff

may be perf{or ncr ease
coul d be |§ent .efiwgqﬁg grse 1€, S?if‘ﬁba“‘gﬁa EﬂmOfe upidy ﬁelnwnsmjéhwte@ﬁ by
report of a pldfbt signal exceeding a threshold. By only I ncreasing the

power trangm tted prodildne a'MEPAGIVEEIAmMiORRR sighal ABaid first base station

intended for said remote unit;

12 transmitting from said first base station said first active communication
signal from a first antenna;

14 producing a second active communication signal at said first base
station intended for said remote unit;

16 transmitting from said first base station said second active

communication signal from a second antenna wherein said second antenna is
18  such that said first active communication signal and said second active
communication signal fade indépendently as perceived by said remote unit
20 and are separately receivable by said remote unit;
producing a set of active communication signal at said second base
22  station none of which are intended for said remote unit; and
transmitting from said second base station said set of active
24 communication signals.

27. The method of Claim 26:
2 wherein said first active communication signal is a spread spectrum

signal which is spread with a series of pseudorandom noise chips each chip of
4  which has a fixed duration; and

wherein said first and second active signals are separately receivable by
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anou ' power is reduced thus reducing the total interference
in tm I H ammm ﬂ As noted above in conjunction
[ a

situatd om 1 R whi ch hard handoff nmay need to be pe”@gﬁpilgg%sgﬁm

situation in which a renote unit nmust change the frj Lt
oper at es W tyibBéues3 Ngl e system For exanpl e, such a bepdeétesery be
made to avoid interference with a point 33 poi nt m crowave |inks which
operates in co-existence with the COVMA 15 conmunication systemor to

transition all, traffic c,hgnnel Si als%loa,si,n If' frequency so that a
COVA. t 0- CONVASBd TemQts unif Decase saRheprone ackye sinal ispfiset in ing FEAmNERIdy  of
the system [fisstfdcGve 3ignabbyat leasipsaid fixed dupatiore | i nk 140 i s shown

bet ween directional m crowave antenna 130 and directi onal m cr owave

ant enna 135. Becagge ﬂi rechi %I m crowave antenna 130 dand 20 directional
m crowave ant ennaZd:33hgmaet Pg laim 26 (whargin sajdisgt of actiis gemmunicatienowave

link 140 Ras signaly is modubited uging. tihe division migtiglehRtedase stations of
t he system such as, base stations 115, 120, and sectors 50, 70, and 80 may
operate without interference with point to point mcrowave |ink 140.

In the exanpl e of 29hdhgmaethpd of Caivodp meberein prid GEMRS actipeatemaunigstionei ng
transm tted gigralsisanedtlatédusiagidods didsionmudtipleackdss, Poi nt -t 0- poi nt

| ink which intersects the systemonly interferes if it also operates at a

m cr owave frequencg. The ti)‘oi nt-to-point link in the nost general

enbodi nent may op8BaTheanethodof &laine 26 wherein said|setvef activencompoenigatienal | y

desi gnat eg¢ agigﬁaqgg encpvenaafd. 30 Al t hough the techni ques
previ ously described herein may be applicable to such a hard handoff,
typically the intrasystem hard handoff has an advant age over the

i nt ersyst em hard Banddefmethod:of Llaith 6t fuothen semprisinigothe step of ransw#ttinghi ch

handof f i 9 t Qaisecon@!Rtif€ cOhfinGARLEBh! SEnLYbcREseSHI® remote BAM! is0boksted FI G
11 illustrates an, al te%natlve configuratron for providing a 35 CDMVA to

CDMA di f f er el SF¥eHG8AE YOV HREBAT*®sing a singl e nulti-sectored base
station. Both base station B[err] and base station B[err] have two

Bl err] . Sactors a onaLorr oo ot o Fumdon lihg E sedrof Heapfily
station BPer #fS @ﬁr(???;s sé%téimf)@r'i"fmgp%fpaflgla&t°fF%gq@@}qﬁvg‘fez.c']’%&‘ﬁ‘maam

signal in order to identify that said remote unit is located in said second
4 coverage area.

33. The method of Claim 31 further comprising the steps of:

2 measuring at said remote unit a signal level of said first active
communication signal; and

4 reporting by said remote unit said signal level to said first base station
in order to identify that said remote unit is located in said second coverage

6 area.

34. The method of Claim 26 wherein said second antenna is located
2  within said second coverage area.

35. The method of Claim 26 wherein said second antenna is a highly
2 directional spot antenna having a coverage area located near or within said
second coverage area.

36. The method of Claim 26 further comprising the step of transmitting
2  said first delayed active communication signal from said second antenna at a
lower power level than said first active communication signal.
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the directional sectors in that base station. For ex ‘
station B[lermwosenbmr 'y operates at frqusncy f2 and | pCTYEsS5/08678t | ONn
Bl[err] sector y operates at frequency f[e ' FIG 11 uses the
hand-down rule. The omi directional sectors y are mar ked as boundary
sectors with a round trip delay threshold of 0 neaning that if either
of the y sectors is the only base station in the Active Set, a handof f

is imediately tri §geTbd methodt ofeClaimad6 whereinusadd sedomddantepnasis a highly

Notice thap tbﬁretnaﬁat ot adténACha R t;ualcbveéaga & Yol ARG BEWRER $1Q
syst ens 10 but fromthe renote unit “perspective the action taken is the

same. As the Second ea¥sTageAfeY t(ravels into base station Blerr] from an
abutting coverage area vmthr n system S[err] at frequency f[err] soft

Q?QS?LL :B[Serjf]ed andte. t cr doffE QB ¥t41& 6*’2{;\ tgﬁ\%l nectlon
to sector errsrldoflrss se%eteﬁrrmfigr%r%l Vﬁéﬁ&&f‘f‘n‘icsﬁt’ﬂeﬂg& frogs#aidt o
transfer the cetuirlhntefink ds petfonmesl @ilybwhen sitaleastrord] eembtenhinithisi locaredked

as a boundgrynt%gsgalﬁts%& ﬁgm‘}%s fef%@ as sector y of base station B[err]

becomes th er o ‘Active Set, a hard handoff from sector
y of base station Bl[err] to sector [err] of base station B[err] is
rr:ade Nabe ThizahetHdids of Cldiixg 88 MherBinabid setindo dtittdnasizad haghly
ysteresis | n e u

5 oper at Pon Jib2lighd! spot efertBrhabings 28ReRE L] WA REL. bF wHBHUEARY
remote unit erseeond freIgRAeage area of sector y of base station

B[err] to such an extent that it become t he onIy menber of the Active

Set. Also note that t f tOrs sts
in the fact that rm I:@J‘qu't-hggcqo(rjé base £l"tatlo gnf‘geﬁ‘gos"e O?E%ng‘fn tﬁ'&‘g
three sect & s from qan%ﬁe,cpaéenéﬁrmal aypilat ggnel @tlxtwbw eatﬁaﬁhem rempte: ynjtyis
supports lbéut@@v&&ﬁh@aﬁseéén@uéheragedﬁe”al gn using three sectors nmakes
practical sense. O course a greater or |essor nunmber of sectors
coul d be used. ere are two different types of situations in
whi ch such a éénffhgunatmérpfrﬁlyune%@éﬂwrm@péeﬁrg therdep 6h tiansmitting) 1
can be use@ atfrém3aid berontliaiterwiaca pilot kighabf fi ¢ must change frequencies. In
such a case, base stations to the Ieft of base station B[err] does not
use frequency f2 and base stations to ght of base statlon Blerr]
does not use frequédcyihemetpd erp%rﬁlaf“éﬁseé COmH“sf%ﬁ'teesteP of tigmpmitting
entering orne §wta saflifiest basegtafion fronh saidt seeond lagiéerifiass phg@and tsyadchannel

frequenci es. 2} alternative situation, base stations to the right of
base 35 statl%n Blerr] use only frequency f2 such as for exanpl e because
a mcrowave i nk prohibits the use of frequency f[err] in that area.

However, base st ati43nsTHeamethod of Claim 41 wherein said pilot signal transmitted from
2 said second antenna has a different PN offset than a first pilot signal
transmitted from said first antenna.

44. A communications network comprising:

2 a first active base station defining a first coverage area comprising:
a first antenna producing a first active communication signal;
4 a second antenna producing a second active communication
signal;
6 a delay line interposed between said first and said second
antennas such that said second active communication signal is offset in
8 time with respect to said first active communication signal;

a second target base station defining a second coverage area and
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lﬂ mll on B[err] can operate on either frequency f[err] or |

i

In such a case, either all, sone,
renot e Ul awel *kng from VO 97/ 44983
43 PCT/ US97/ 08671 base station]Blerr}- i+ |
stati on B[ enfdoimassst ransition fromfrequency f2 to frepoRosyobdrer 11

A second very different nethod of deali rftfvm’th point to point

m cr owave Iinks or other areas where a piece of spectrum needs to be
cleared _5 [l Lustrated in FIG 16. .In FIG_ 16 a "Cone of Silence" is
const r ucl@d HF gasetg F?H‘W‘B“%%"Hts‘ﬁ‘%?«ﬂ%/e link 140 as shown by beans
364 and 366. The & eemote unitalbcated ovitltini said firsi ahd Secoral coverbgeacireasasnd
reference,si : : | Wien a renote
uni t repg%tsg%}%iemé%ts%@tefll%ﬁggagﬁe%& éf%‘trﬁ%ommum%giﬁo?gtggﬁds ng to the cone of
silence, the systemcontroller knows the pilot 10 signal is a cone of

si |l ence i ndi Cﬁ[ i 04B. r'mnhep aﬂamaf&ambhe candi dat e p| | ot signal. The
system coqtroll er rres on tot
cone of sTlence as ngé? %%E tagd s%@%cgkiét?\;e é{ﬁg‘ b‘?’} S 337% ’flife?
handof f sprobfusn ﬁ@alsswblthﬁrﬁ spyeadawitite\eries fahdogn mo!see@]upﬁcy

Randozf 4t_ eddH ¢ip qitiﬂ?xbl?mabhmacx;uraﬁllsﬂ%fd may be D?Lform?d f15

n interesting as ct .0 of. sil.ence. i s e cpne of, sil.ence
pilot signal is u Eﬁ“ﬁﬁfﬁ agtive sigha slsa?ff%%aﬁrﬂmpé’ﬂ gegond a T‘{’B?cal |y
t he éoneomm\suta;mesxgmkhy 8l lgastisaids fiyechduzation. by a pil ot beacon unit
collocated with di rect | onal m crowave antennas 130 and 135. There are

two different con ol qai whi ch,can he used. .In.the
first topol ogy sh%%n‘n’r? ?PE?’ %f‘%s g(ﬁ'}l 819 W%&F‘anf“%fﬁg’ C%F\}g}lf:@n%r r ow
t ransmi ss2onsigaabisisgmadulated én tahealternatlvesmienmmMubmntteckmcpiogth m cr owave
link 140. In the second t opol ogy shown in FI G 17, beans 360 and 362

define the edges i ot _si naI nsm cover age,are

FG 17, the b1 osi olaf eBvaRigE o CRIRG Sl Whetein parRl se20d TabRugaye

link 140 Zoveomgeumceuoracmgmllly tmrmugd tfrmn ssambsmegdmnteﬁqplhﬂamhge s2id

beans 364 andeABf @nieiPloesteasd sk ﬁmaﬁer&eé&{dec&{&?wma@ stinct fromthe
ate

m crowave antenna. Beans 360 and 362 nmay be cre by the sane antenna
48. The apparatus of Claim 47 wherein said first active base station
2 measures a round trip delay of said first active communication signal in order
to identify that said remote unit is located in said second coverage area.

49. The apparatus of Claim 47 wherein said remote unit measures a
2 signal level of said first active communication signal and reports said signal
level to said first active base station in order to identify that said remote unit

4  is located in said second coverage area.

_ 50. The apparatus of Claim 44 wherein said second antenna is located
2 near or within said second coverage and is not collocated with said first active
' base station.

51. The apparatus of Claim 44 wherein said second antenna is a highly
2  directional spot antenna having a coverage area located near or within said
second coverage area.

52. The apparatus of Claim 44 wherein said second antenna produces
2  said second active communication signal only when at least one remote unit
is located near or within said second coverage area.
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as thﬁlﬂlg“m\ﬂﬂﬂﬂﬂmml a different but identical antenna or an antenna
defing I oader coverage area than said mcro
L] | 2’3%1@%@  BEEN

The fi¥ apomogy 1H FIG 16 has the advantage that the ne o ELT%EAE)
pilot signals do not interfere with the point to point m crlauave i vepn
| f t he pevanerdagsspoi nt m crowave |ink erates at the saperdsegsency as
t he cone of silence pilot signal. Th I rst topol ogy has the

di sadvantage that if the renote unit passes through the cone of
silence pilot signal beans w thout detecting the signals and w t hout

changi ng frequency, _the connection may be 35 dropg@ed_ or the connection nay
continue and produc®-i nt B efRparatusoroft (daim 44pavhereiny gaidntsepand oagtine

link. Also 2f pemwefuriiGatidiplsigifhl i® HARNGRERIR 4/dwer poweMével? thhni said Fasf ed

wi t hin beans 364.and 366 thq.orermte unit will be unable to detect the
pilot signals AW EQPMiication B8Mal ence to the microwave |ink.
WO 97/ 44983 PCT/ US97/ 08671

The m crowave |ink sRYTIRCappathtind O IR 53 hedeinS 868 sBRHPLARRNR fis bNghly
link may regquirge thregﬂgr}%.channel s. In 021% enaodl nent , t&i\/vo .
CDVA rever s | FFRCRINGN fRPY antenng, haying, a coverags, aAtradosated egn g withim, said
m crowave | i nksecond cdvéfageamea.f orward |ink cone of silence pilot signals
are 5 transmtted in the cone of silence coverage area corresponding to
each of the t reverse |ink char}ne s.cleared for the point to point
mi crowave link. In 2 sapparatyse qtnd-lgim oO3siwherein cspidoserond, aetive
poi nt to poZnt comonoication sighal is prodmced bgeaii swond tandetina 13t perfarinetyonly h
the actual conyyeh ' it kL:QGL due to
t he frequency di ve%g?%ag?]oﬁgwiﬁﬁé uxrlﬁlsyfgtb ﬁgaﬁﬁa%&g%g%%@ﬁﬁéﬁ% | ot
signal may be able to co-exist at the sane frequency with the point to
poi nt m crowave | i n§6. Theapparatusif @aim 55 wheseipnsdid Gacdndaaiieniha 6 a highly
interference tg; [ ' L Cr.0 | ] .
i gnal 1 o a2 br SagORorlsppt tchls MHavihe LOUEayd Bite Bl near RN i
of signal is pECBAFOYCIABC&I¢Rnl e Gaussian noise to other types of 15
communi cation systens. The inherent CDVA signal properties make it

uni quely able to coseXxiaStonnliinikisaE &Wk&ﬁbiﬁﬂxg?ys" ems W t hout
2 a first active base station defining a first coverage area comprising:
a transmitter creating a first set of communication signals
4 cbmprising a first active communication signal and creating a second set of
communication signals comprising a second active communication signal;

6 a first antenna radiating said first set of communication signals;
a second antenna radiating said second set of communication
8 signals;

a second target base station defining a second coverage area and
10 producing a third set of communication signals; and

a remote unit located within said first and second coverage areas and
12 receiving said first and second active communications signals.

58. The apparatus of Claim 57:
2 wherein said first and second active communication signals are spread
spectrum signals which are spread with a series of pseudorandom noise chips
4 each chip of which has a fixed duration; and
wherein said first active signal is delayed by at least said fixed duration.

59. -‘The apparatus of Claim 57 wherein said third set of communication
2 signals is modulated in an alternative communication technology.
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I nducy i tgi Nt er f er ence. The di stance between two
poi ”thlEm;“"H{IMHmVG | i nk ant ennas can be nmuch greater than the
di st anee oetiween a typi cal base station and the edge 20 of the coverage
area which it defines. Therefore the delay at which the renote uni t
percei ves t lwoemagssof silence pilot si ggﬁaé can be signifi cegioserioesrger than
the delay typically associated with a c ul ar system As such, it nay be
necessary that the cone of silence pilot signal be recognized as one of a
set of consecutive pilot signal offsets. For exanple the delay induced
in the cone of 25 silence pilot signal is greater than the nornmal offset

bet ween pilot sigéal s The apparstusy ofheClaimc 7y esthereimt saidynsecond f setive o be
mapped t 03 t hgoReXiniERGE Giral §s transmiitdcfroth 3R sQbh3Cintedilh HeciiRR Qid
operation is t gl cal.l i\g not a‘gr oiglff}em be&ause a t%/pl cal system uses
only every s ferimit isdpeated) imrpids sk and perondqoverags 4reat s at which
the cone of silence pilot signals are expected nay be added to the 30

nei ghbor set so tjat e qﬁlg h. S € for.:43h ks [ same
manner that it segolltr’j"c gié‘g ?ﬂﬁ e dgﬁeﬁnelsgﬂgg?&l :é%l{:1 fei%? r&_}%gg?aﬂ)a%? é?ath?
Upon det et | Breasnresperopaddrips delay of saidpfirshactiveepmmumication; signaldregrder
depends on t keideasify Hiadishithfernéte Rinidisdbcadéd irv Said GE¥0HY Edfer@fe Arfea.

est abl i shed. Because the same cone of silence pilot signal may
traverse many base station 35 coverage areas, the pilot signal itself
provi des very |it63-eThafapparatnsof {dlaim hwherein said semote omit measurast@ uni t
or the achi ogighliRleviel@f SaidOfiRRe atit¥e BomMenibATEn signal ¥ndl FePor@nshid GSHAENCY
to which han?ofi sha Idi‘t;ee T dlgs'es aQased on thce. H ng_‘n?er% of tthe Agtlve
Set at the {155 IRESHiAHYE Sigh e Sty i PEies 10 Afepify et said rémote

07/ 44983 4 is located in said second covergge area. PCT/ US97/ 08671
action to be taken could be determ ned by the nenbers of the Active and

Candi dat e sets. i t4 onal | th Gl t.0 be taken could be based.omn the
bor cei ved PN of f o8t ShétRpatnt BECHEM 87 iferelh bAY RS abledpa RBTHER,
advant age8us near powithimsaidtiecend reyverege ard isanetrcollecated twith saich first actigagt h
of 5 the comgseétatibhence pil ot signal exceeds a second hi gher threshol d.

Because t he cone of silence pilot signal is providing so little

i nformation, the sanme pil ot
64. The apparatus of Claim 57 wherein said second antenna is a highly

2  directional spot antenna having a coverage area located near or within said
second coverage area.

65. The apparatus of Claim 57 wherein said second set of
2 communication signhals is radiated from said second antenna when at least
one remote unit is located within said second coverage area.

66. The apparatus of Claim 57 wherein said second set of
2 communication signals are radiated from said second antenna at a lower
power level than said first set of communication signals are radiated from

4 said first antenna.

67. The apparatus of Claim 66 wherein said second antenna is a highly
2 directional spot antenna having a coverage area located near or within said
second coverage area.

68. The apparatus of Claim 66 wherein said second set of
2 communication signals are radiated from said second antenna only when at
least one remote unit is located near said second coverage area.
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Si gnal m m“'namlﬂ “Ised t hroughout the systemto protect a plurality of
diffe Im m ﬁ nt mcrowave links. In FIG 16, all of beans 364 and
366 * nhy 'opératte at the sanme or at four different PN offsets. 10

If the distance between the two point to point mcrowave |ink antennas
beconmes to | owg.97M498%ay be necessary to uz,,e7 a repeater to eXtCIVISS/O8s71
a

cover age of the pilot signal. A netho nd apparatus for providing a
repeater in a CDMVA systemis detailed in co-pending U S. Patent
application No. 08/522, 469 entitled "Sanme Frequency,

Time-Division-Duplex _ Repeater” filed 15 August 31,1995 and assigned to
the assignee of thé%rEwcanparaieof Cdaim 68 wherein saidseeandaanienny is & lughlyes
gf ant enln?szd pr@ité_&idiﬁl ispet ﬁl@t@ﬁf n@hmaibin_ig Q& &Verage are@LIB&a&Ed méaptorsmﬁﬁn%s%can
e installed al ong,the of the mcrowave 1engt to nore narrowy
and precisely %%589‘?59}'?}%%%%3@“ ne the cone of silence area. Many
of the concepts of the present invention can be conbined. For 20 exanple

bhysi ol cayer age. aran SoeipaS of SR 87 UREei s SRR el binamits o,
physi cal caye i gu | Vi I nt.rasys

i ntersyste spﬁﬁ?ta?‘gﬂ@s?‘gys"l"g‘?“ B iears RS rﬁﬁ‘ﬁa’apﬁf 1sdocased ivrithin,faid segonsh
net wor k pl anni cayecagefamgar ati ons to provi de maxi num benefit such as the

use of CDVA to CDMA different frequency handoff. The paraneters which 25
control the soft hgpdoff }g]ocess rraysgeﬁugmsn ed to increase the nunber of
menbers of the Candildat e ¥nd2PRatptis it Llaim s 675 vihersin praid: seeandragctives o
augnent ed. Zhecoremutrdcatiurt sigred uis erachidted i fremt sdidhaechndaafiinhac oABeif said -
can be conbin | ' 3 L gurations which provide
both i ntrasys?%n%%gu?ﬂ%g?@é‘%g%@g%@ ﬁ@ge?%é%%%g It can al so be conbi ned
30 with other network planning configurations to provide maxi num benefit
such as the use of 7Z2DNFhe appiihiusiof Claimn7 Wwhetgirnsayd bedofldf éntenna radiates a The
previ ous d%crgmgﬁgnﬁf the preferred enbodi nents is provided to

enabl e any person sRilled in the art to make or use the present invention.
The various nodifications to these enbodinents will be readily apparent to
35 those skilled i78. tThe apparatas of Cising SRavherei saidi firlsebasdaftativit ffoeh ehid nay
be appgi e : ' | S of the inventive

facul ty. Tﬁius,ﬁcmdg%@ﬁ%@%#@ﬁé%%%%%%%@?‘e# Sl 4 to be limted to
t he enbodi nents shown herein but is to be accorded the w dest scope
consistent with the’4. The apparatus of Claim 57 wherein said pilot signal transmitted

2 from said second antenna has a different PN offset than a first pilot signal
transmitted from said first antenna.

75. A communications network comprising:

2 a first active base station defining a first coverage area comprising:
a first antenna producing a first active communication signal;
4 a second antenna producing a second active communication
signal; and
6 a phase vacillation mechanism interposed between said first and
said second antennas such as to reduce signal fading loss perceived
8 within said first coverage area;

a second target base station defining a second coverage area and
10 producing a set of communication signals; and

a remote unit located within said first and second'coverage areas and
12 receiving said first and second active communications signals.

~ 76. The apparatus of Claim 75 wherein said set of communication
2 signals is modulated in an alternative communication technology.
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PCT/ J)ﬂ“ﬂ%‘“‘l“"l‘lumLm pl es and novel 41?eat ures disclosed herein. | CLAI M

* Catns® 13 A nethod for a conmunications network in which a network
user comuni cates using a renote unit with another user via at |east one
base st ati orwosmdssgsconmuni cati ons network, i ncluding a firgtrissmseaati on
having a first coverage area and a seco base station having a second
coverage area, the nethod providing comrunications between said renote
unit and said first base station when said renote unit is in said first
coverage and sinultaneously in said second coverage area and wherein
communi cation i s Bt cEheabhpparatiisheofnclaimai?p swhenein hssid stegondn active

2 communication signal is transmitted from said second antenna because said
remote unit is Jocated in said first and second coverage areas.

78. The apparatus of Claim 77 wherein said first active base station
2 measures a round trip delay of said first active communication signal in order
to identify that said remote unit is located in said second coverage area.

79. The apparatus of Claim 77 wherein said remote unit measures a
2 signal level of said first active communication signal and reports said signal
level to said active first base station in order to identify that said remote unit

4 islocated in said second coverage area.

80. The apparatus of Claim 77 wherein said second active
2 communication signal is radiated from said second antenna when at least one
remote unit is located w1thm said second coverage area.

81. The apparatus of Claim 77 wherein said second active
2 communijcation signal are radiated from said second antenna at a lower
power level than said first set of communication signals are radiated from

4 said first antenna.
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and said renote unit, conprising the steps of: producing a first
active comruni cation signal at said first base station intended for said
renote unit, wherein said first active communication signal is a spread
spectrum signal which is spread with a series of pseudorandom noi se chi ps
each of whi chwolvas4983 f i xed durati on; transm tting fr eorasytessry st
base station said first active communication signal froma first antenna;
del aying said first active conmuni cation 5[3}1%“61' to produce a first

del ayed active comruni cation signal, said first active comuni cati on
signal del ayed by at |east said fixed duration; transmtting from
said first base station said first del ayed active comuni cation signal
froma second antenna wherein said second antenna is configured such

that said first JOFROM conmuni cation signal and j i yed

active conmuni cation pSENoQ@! fade differently as p E@bgggé%?&r enot e

unit; produci ng a sec T ‘ I C Sd; NS at

sai d second base station; and SYSFEM ttijng from sai d second base
CONTROLLER

stati on said second set
AND SWITCH

12 / T~ 14

20A
16

FIG. 1



of active conmunications signals;

-48- transmtting said first active comrunication signal at an increased
| evel conpared to a set of other active signals transmtted from said
first antenna because said renote unit is l|ocated in said second coverage
ar ea. 2. TwoOTHuIsdd of claim 1l further conprising neasuriwgrreds7essrd
first base station a round trip delay of said first active conmunication
signal in order to identify that sai @t@®note unit is |located in said
second coverage ar ea. 3. The met hgd of claim 1 further conprising:
measuring at said renote unit a signa Ievel of said first active

communi cation signal; reporti n aid renote unit said signal

| evel to said fir&t base station;
(28]

FIG.2




determning fromsaid signal level that said renpte unit is | ocated in

sai d second coverage area. 4. A nethod for a comrunications network in
whi ch a network user conmuni cates using a renote unit w th anot her user
via at | east one base station, said comrunications network including a

first base st@id®naedaving a first coverage area and a secondedxas®7/08631 at i on
havi ng a second coverage area, a nethod fo3/¥r ovi di ng communi cati ons

bet ween said renote unit and said first base station when said renote
unit is in said first coverage and simul taneously in said second coverage
area and wherein comuni cation is not established between said second
base station and said renote unit, conprising the steps of:

producing a first active conmunication signal at said first base station
i ntended for said renote unit; transmtting fromsaid first base
station said first aGll.ws

FIG.3



-49- communi cation signal froma first antenna, said first active

comuni cation signal transmtted at an increased | evel conpared to a set

of other active signals transmtted fromsaid first antenna because said
renote unit is located in said second coverage area; transmtting

fromsaid fi o998 station said first active conmunicati seocTwsgasnifrom a
second ant enna; coupling together said first and second antennas to
create said first coverage area; changi ng over tine the phase of

sai d second ant enna relative to the phaz& f a first antenna at a rate
sufficient to reduce a signal fading lo “gerceived by said renote unit;
produci ng a second set of active comrunication S|gnals at said second base

station; and transmtting fron]gg' eqond set of

active conmuni cati on~sigpal s

conpri si ng nmeasuri nglg

first active d e
uni t
FIG. 4A
190
205
175B
205

FIG. 4C
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I's located in said second coverage area. 6. The nethod of Claimi4

i g a
dDen sai d

further conpri sing: nmeasuring at said renote unit a signal |evel of
said first active comuni cation signal; reporting by said renote
unit said signal level to said first base station; and det er mi ni ng
fromsaid si gv@ap7/44883el that said renote unit is | ocat ed i ncEEsSHIO8EFCONd
coverage area. 7. A nethod for a confWiMl cations network in which a

net wor k user conmuni cates using a renote unit wth another user via at

| east one base station, said conmunications ng+mo ' ey & fi LSt base

station having a first coverage area and a
second coverage area, a nethod for providing
renote unit and said first bass24

sl 212 -~ 214
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station when said renote unit is in said first coverage and sinultaneously
in said second coverage area and wherein comrunication is not

est abl i shed between said second base station and said renote unit,
conprising the steps of: producing a first active conmunication signal
at said firstwosaaesstation i ntended for said renpte unit; PCT/US7/08671
transmtting fromsaid first base stationgd8i d first active comrunication
signal froma first antenna, trag&dgtti ng frhARRSsaid first base
station said first active comuni V]

signal, and a pilot signa
said first and second antenngg i \fir302cowgrage area,
changi ng over tine the phasg/of said sg Ngl at i to the phase
of a first antenna at a rafe sufficie i fadi ng | oss
percei ved by said renote i of active
communi cation signals at
transmtting fromsaid

-

active




power |evel fromthe power |evel at which the first active conmmuni cati on
signal is transmtted. 8. The nethod of Caim?7 further conprising
transmtting said pilot signal from said second antenna at a different PN
of f set than a first pilot signal transmtted fromsaid first antenna.
9. A net hod womra49s®NTUNi cati ons network in which a networ RPCTUIS8T/08671
Communi cates using a renote unit with anot™0 user via at |east one base
station, said network including a first base station having a first
coverage area and a second base station having a second coverage area,
a nmethod for providing conmmunications between said renote unit and said
first base station when said renpote unit is in said first coverage and
simul taneously in said second coverage area anghyherein comuni cation is
not established between said second baselstq(T
' |
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SYSTEM S,
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and said renote unit, conprising the steps of: producing a first
active comruni cation signal at said first base station intended for said
renote unit, wherein said first active communication signal is a spread
spectrum signal which is spread with a series of pseudorandom noi se chi ps,
each chip of wolvradshas a fixed duration; transm tti RETFUSHHISEH| d
first base station said first active comuni cation signal froma first
ant enna, produci ng a second active é%“hunlcatlon signal at said
first base station intended for said renote.unit; transmtting
fromsaid first base station said second active communication signal from
a second antenna wherein said secong - | sk that said first
active comuni cation signal and dQdracti vg communi cation signa
fade i ndependently as per cei [ are separately

recei vabl e by said renote urf 7 W ' \ M) second active
signals are separatﬁgﬁgigﬁ i vfibl e b ' S sai d second
active signal is of ¢ \d f [ by at | east

said fixed duration;
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produci ng a set of active communication signals at said second base
station none of which are intended for said renote unit; and

-52- transmtting fromsaid second base station said set of active
comuni cati on signal s. 10. A method for a communications network in which
a network useWO3H4M8di cates using a renpbte unit w th anot herpeisssornsenn at

| east one base station, said network inclughiigg a first base station
having a first coverage area and a second base station having a second
coverage area, a method for providing comunications between said
renote unit and said first base station when said renote unit is in said

first coverage and singbiRaGE! Y | N SEOYERAE covera;fcl g%ea and wherein

communi cation i s Flot l ' SYSTEM S,
i
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and said renote unit, conprising the steps of: producing a first
active comruni cation signal at said first base station intended for said
renote unit; transmtting fromsaid first base station said first
active conmunication signal froma first antenna; produci ng a
second acti vewommsesdcati on signal at said first base st atREUSFPAHed
for said renote unit; transmtting §emgon said first base station said
second active comuni cation signal froma second antenna wherein said
second antenna is such that said first active conmuni cation signal and
sai d second active comunication signal fade independently as percei ved
by said renote unit and are separately recelvable by said renpote unit,
sai d second active comruni cation signal T because said renote
unit is located in said second covera AN a round trip del ay
of said first ac{qy. at said first base
station in order 4 d renote ﬂgg i} located in said
second coverage arek cti v comruni cation
signals at said

360
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ons network in which
ngt her user via at
bgse station having
a second

second of which are

zecorc TR MEIDRIE concbese <" o [ropiscving
comruni cat iontsi §nai s.* A et hod f pr \

a network user connunlcates u3|ng a re“rD.e1 NQVM$?Q
| east one base station, said network chudigg f 194t
a first coverage area and a second base} statiaon._ _havin
coverage area, a nethod for providng connunlcatlo s between said
‘remote unit and said first base statio unit is in said
first gpyemage and sinultaneously in said second coverage area and wherein
comuni cation is not established between said second base station and said

renot eluni td gewpodsifitg thecotmpsiadtions nepworkicingwaithr st resdvork
communi cati on si%nal at said first
user commu 1cates u51ng a remote unit with another usex via at

least one base station, said communications network including a

first base station having a first coverage area and a second base
station having a second coverége area, the method providing
communications between said remote unit and said first base
station when said remdte unit is in said first coverage and
simultaneously in said second 'coverage area and wherein
communication is not established between said second base station
and said_rémqte unit, comprising the steps oé:

producing a first active communication signal at said first

base station intended for said remote unit, wherein said first

active communication signal is a spread spectrum signal which ié'
spread with a series of pseudorandom noise chips each of which
has a fixed duration; |
transmitting from said first base station said first active
communication signal from a first antenna;
delaying said first active communication signal to produce
a first delayed active communication signal, said first active
communication signal delayed by at least said fixed duratidn;
transmitting from said first base station said first delayed
active communication signal from a second antenna wherein said
second ‘antenna is configured such that said €£first active
" communication signal and said first delayed active communlcatlon
signal fade dlfferently as perceived by said remote unit;
producing a second set of active communication signals at
sald second basé station; and
transﬁitting from said second base station said second set

of active communications signals;



LACEMENT §

Conmuni cat |%nﬁ3| gnaE romTFSHEg-F

| Ve 1@NOyMgogt ijor] signal at said
fenote unit; transmtting

base st “ ﬂ“fr said renote
firsts bﬁmg Hﬂlﬁﬂ u i| first active

antenna;* ¢ L Pro8luctng a second ac
first base station intended for sai

fromsaid first base station said segpntg—active—eesmlni cation signal from
a second antenna wherein said second antenna i s such fthat said first
aC“Vﬁ‘: ﬁ%%a%'d@’“%'lrégd cgﬂg & ACH S ”g“ Icatalton 3! gnal
fade in epen perceived by Said renpote unit and are sepa ﬁtely
recei ialledwed  daivé1r efPhGabddt Al d seoondracdtNer CUPRiRicCakigRAagkgnal
transmtted because said renote unit is located in said second cover age

ar ea: tranb“utﬁéébdﬁtﬁgS@ﬂdséﬂdsﬁeﬁﬁﬁénﬂﬁlPe§a§$§néﬁlﬂeV@m0§ﬁ yaid fisrst

activ ni cation, signal :
%. ed 1IN said “second coverage area.

2. T method of claim 1 further comprising measuring at said

first base station a round trip delay of said first active
communication signal in order to identify that said remote unit

is located in said second coverage area.

3. The method of claim 1 further comprising:
measuring at said remote unit a signal level of said first

active communlcatlon signal;

reporting by said remote unit said sxgnal level to said
first base station;. and B

determining from said signal level that said remote unit is

located in said second coverage area.

4, A method for a communications network in which a network

user communicates using a remote unit with another user via at

least one base station, said communications network including a

first base station having a first coverage area and a second base
station having a second coverage area, a method for providing
communicatibns between said remote unit and said first base
station when said remote unit is in said first coverage and
simultaneoﬂsly in said second coverage area and wherein
communication is not established between said second base station
and said remote unlt comprising the steps of:

producing a first active communlcatlon signal at said flrst

base'station intended for said remote-unit;

transmitting from said first base station said first active -



reporti ' unit said S-REPE (FMENTt ald  first base station
e R T, AR SRR At e
coverage~area,. ® s producing a set|of ~gctjye conmmynijcation signals a -
sai d_ second base station none of wh|ch d@NDM:i®RBed flor said remote unit;
and transmtting fromsaid secpbpd base statior] qaid set of active

conmmuni cati on signal s. 12. A nmethofd”for a conmuni catli ons network in which
a netwg&%n yﬁggtqgnnunicage% usi&g E. | | éfngtheg user. via at
| east Ofe base station? 8ai ¢ 8t vor k* FRAtI GARETE 1 1954 bhiESTsPEERYR havi ng
a firstoUeTAgeic GA AR & SeEANY RS &S LAl 191 reldkynd e&Se et GaKer age
area, a nethod for providing conmunications between said renoté unit and

said ffost Is®se ofstathen wabenveaisdgnarhst ecnaridmittdd Sadd Bhaddt fdawer age

and sinultanequsly in sajd second coverage area and wherein_ conmunj cation
i s not2REPABRi SHEFUSE: vBRH s e SEcondibas® stafrbed did said r&Fe unit,

conprighpgr-rhge sLERs of; -

transmitting from said first base station said first active
communication signal from a secondiantenna;

coupling together said first and second antennas to create
said tirst coverage area;

changing over time the phase of said second antenna relative
to the phase of a first antenna at a rate sufficient to reduce
a signal fading loss perceived by said remote unit;

producing a second set of active communication signals at
said seéond base station; and transmitting from said second base
station said second set of active communication signals.
5. The method of Claim 4 further comprising measuring at said
first base station a round trip delay of said first active
communication signal-in order to identify that said remote unit

is located in said second coverage area.

6. The method of Claim 4 further comprising:
measuring at said remote unit a signal level of said first

active communication signal;

reporting by said remote unit said signal level to said
first base station; and _
determining from said signal level that said remote unit is
located in said second coverage area.
7. A method for a communications network in which a network

user communicates using a remote unit with another user via at



produ0| connunlcatlon s'%PP CENﬂﬂWT P ; t b at i .
i ntendeﬂmmmumm llum unit: t r anshn t,i g Prﬁ : WE&E&B&%H&T
station said f-rd8t actlve. connunicati ' ﬁgp yf@ alfifrst antenna;
produci ng a second active comuni cati on Jsi nal al__said fli gst base station

i ntended for said renote unit; 50transmttlng fron1s Id first base
station said sedond active connunlcatl signal, a page

and SYIC, hannel | from.a second antenna wher ei n.said.s ond ant enna
is suc e ﬁgﬁgﬁ % '

et 57 I SAMTHPESETSR1S] 5‘%5?"05?% o594 880Ad

act i ver COSENBHLAAR iShoRal ifqde fndaperderbby aseRessel yesbddha pidld
renote unit and are separately receivable by said renote

-55- smition havpngdacisegomdsetovaragst iaezonmunethodofiosi gnalvdddingsai d

second base station none of which_are intended for said re

gpte nit; and
communicatlions etween Sald remote un:Lt and Sald 1rst ase

station when said remote unit is in said first coverage and
simultaneously in said second coverage area' and wherein
communication is not estabiished between said second base station
and said remote unit, compriéing the steps of: .

producing a first active communication signal at said first
. base station intended for said remote unit;

transmitting from said first base station said first active
communication signal from a first antenna; |

transmitting from said first base station said Eirst active.
communication signal, a page and sync channel signal, and a pilot

signal from a second antenna;

coupling together said first and second antennas to create
sald first coverage area;

changing over time the phase of said second antenna relative
to the phase of a first antenna at a rate sufficient to reduce
a signal fading loss perceived by said remote unit;

producing ‘a second set of active communication signals at
said second base station; and

transmitting from said second base station said second set
of active communication signals at a substantially different
power level from the power level at which the first active

communication signal is transmitted.
8. The method of Claim 7 further comprising transmitting said
pilot signal from said second antenna at a different PN offset

than a first pilot signal transmitted from said first antenna.
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signal transmt sf rom sai d second antjerjna @ﬁ?@fﬁ%ﬁf rént PN of fset than
a first pilot signal transrrittedfromsaidglrs aht’enpga. WO
97/ 4493 5.8 . : PCT/ US97/ 08671
60. The apparatus of Caim 57 whereijn said second ctive 2

comun cati pn nal i s transmtt.ed f.romsard—second—antenna because said

r enot reg‘uni t'&)i"s]%’%%‘gt EST R SSTMURLCEELNT JSCSIRFS oVl r SaChy 3a§‘.‘atwori

61. Thes@ppesmhwsi@icds 281 89 yhesgbreSahdefiieh aabiMerbaserstaki ap 2
nmeasures a round trip delay of said first active conmunication signal in
order leastooingerkddy shatieni d sedbtretwdrk i $nkdudiad ian fardtsdasrd
coverage are The aggar atus of. Claim6Q wherein said renote

a. . . 62.
unit neblutRY BIBINIspghAFSFeGRI SERISarECR PE AcSTORCOMMRT KA SI gnal
and reRQviagSahd Hedfla coldiife T g a8l ¥BEhbRS! £835C Al N

order to identify that said renote unit 4 is located in s secord

cover agemansacations betwesh 3Jhidapeaoakusunit Chadm&riahéiesn Saisk second
antenna is |located 2 near or within said second coverage and i s not
col | ocEFBHIRNt WIes) gSRidsrempEpyainit Iysénstspichnfirst " coverage apd

appar ag':'r!ﬁm(it:age@)h@l§7 %er @arldsais%c%%%on%o@%trea%a I¢'-1Sreaa hiag'm Y wherein
communication is not established between said second base station.
and said remote unit, comprising the steps of:
producing a first active communication signal at said first
base station intended for said remote unit, wherein said first
active communication signal is a spread spectrum signal which is
spread with a series of pseudorandom noise chips, each chip of
which has a fixed duration;
transmitting from said first base station said first active
commﬁnication signal from a first antenna; _
producing a Second active communication signal at said first
base station intended for said remote .unit;
transmitting from said first base station said second active
communication signal from a second antenna wherein said second
antenna is such that said first active communication signal and
said second active communication signal fade independently as
perceived by said remote unit and are separately receivable by
said remote unit, and Qherein said first and second active
signals are separately receivable by said remote unit because
 'said second active signal is offset in time from said first
| active signal by at least said fixed duration;
producing a set of active communication signals at said

second base station none of which are intended for said remote

unit; and
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wher ei n *sarkd sechbnd <Set of conurft dat HerNgY omed s i § radia

'sald‘second ant enna when at Ieast . one
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67. Thecapparadvmaunicét sbm §6gmhiesei n said second antenna is a highly 2

di recti onal
second coverage area. 68.

antenna only

R = R

spot antenna haV|ng a coverage area |located near or within said
The apparatus of Claim 66 wherein

said sgcongd ‘ge%éa é%connunlcatlon %ﬂgnals are radlagﬁd fromsaid second

e"ThIP TR s o,

& Redte 8 second

Cover aggedr €dmmunicates using a remote unit With JRfthdRsuReen, fepiaced
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57

Claimé6

least one base stRCHAWSI7¢@BG7hetwork includirgy. aTrfa'mpabmels
said s

d ant 2 d t I
ant ennd AR g 'R aBerage St R TR 4 17 (TGP ree SCatkoha

coveragaaiRA. a second céPerdfe appapat ugy ofpdddn Sdomhesehp; gdhg
second antenna transmts a

communications between said remote unit and said first base
station when said remote unit is in said first coverage and
simultaneously in said second coverage area and wherein
communication is not estabiiéhed betweeh said second base station
and said remote unit, comprising the steps of:
'_ producing a first active communication signal at said first

base station intended for said remote unit;

.transmitting from said first base station said first active
communication signal from a first antenna;

préducing a second active communication signal at said first
base station intended for said remote unit;

transmitting from said first base station said second active
communication signal from a second antenna wherein said second:
antenna is such that said first active communication signal and

said second active communication signal fade independently as

perceived by said remote unit and are separately receivable by

'said remote unit, said second active communication signal

transmitted because said remote unit is located in said.second
coverage area, wherein a round trip delay of said first active
communication signal is measured at said first base station in
order to identify that said remote unit is located in said second

coverage area;

producing a set of active communication signals at said

of
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wherein =sald secen active cq |on S|g al is radiated from
said second antenna only if sald . QV 9R?% s
coverage area. 72. The ja aratus of 0
second antenna radiates a 2 pilot Signal .

f a first bas
Cadi a ee ol BEbE Bedfibn hhfkRCF

57 wherein said

—ea-from sal ;E%_seco d=gntenna

Si gng :

| ocated in said second
73. The appar at us

s of

Cl ai m iwhenpdn said pilot signal transmtted 2 fromsaid second antenna
has a different PN offset than a first pilot signal transmtted from

said first éhﬂéﬁﬁattlng from sa¥§. sacomdnipheat istas ivet woakd cerpr i ng:

a first ct veog%se st tion defi Flng a first coverage area conpri sing:
a firsfCant’enha pPBaﬁé ng"aStPP8tSacti ve comunication signal; 4

a second antenna producing a second active comruni cation si gnal
and 6 a phase vacillation mechani sminterposed between said

first add A method ﬁnnchseommmnamaEHQas Bethoak tio médute sigeatofladi ng
| oss perceived 8 within said first coverage area;

second Y& g&PTEREE St e (‘J‘r?l(ﬁ’@f PnitsFor s dbid rSRRERE R SHH ‘iBa at

producihng & S&he ObaGRMMENY (SRS Ons§ign"i’1|e5twoqjkd including a2 f&M! &, '
| ocated within said first and second coverage areas and 12 rece|V|ng sai d

first andtsecondhwictd e TiorsuIni®aitans stenadsd a second bas@6stIbeon
apparatus of Claim 75 wherein said set of comunication 2 signals is
modul atéY §19 ant al PEFAREI vEOUBRRAERI cAEPGn t echritftdpd for providing

I 111%&%&%&%&%%9&ns between said remote unit and said first base
station when said remote unit is in said first coverage and
simultaneously in said éeCOnd coverage area and wherein
communication is not established between said second base station
and said remote unit, comprising the éteps ofﬁ
.producing a first active communication signal at said first
base station intended for said remote unit;
transmitting froﬁ said first base station said first active
communication signal.from a first antenna;
producing a second active communication signal'at said first
base station intended for said remote unit; _
transmitting from said first baée station said second active
communication signal from a second antenna wherein said second
- antenna is such that said first active communication signal and
said second active communication signal fade independently.as
perceived by said remote unit and are separately receivable by
said remote unit séid second active communication signal
transmitted because said remote unit is located in said second

coverage area:

measuring at said remote unit a signal level of said first

active communication.signal;
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com‘rum cakl o su gal sis*transm tted{fton &NQY ngd kantenna because sai
and second coverfge areas.
,$4§aid f+rst—aet ive base station 2
L rst active co ni cation signal in

or der . LdE y.t hat renote u IOCdI d 'n id secand
cover age area.‘;lx(’j PLAY Y a?ﬁquﬁ% %mp%?égugaéa feFﬁ &Y g renot e
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and reports said signal |l evel to said active first base station in

or der l@cﬁﬁéﬂtiﬂysahdtsgammdr@mwQanmlar@a, is located in said second
coverage are

aratus of;: Claim 77 wherein _said
second actb¥ E‘i'icmgoﬁ’mﬁﬁtca??oﬁ‘%ﬁ@'ﬁal%@%%’é@f?b?ﬁ‘% $ d3SeGhd

ant enngeWBgl Bhskeashc?BR noner %@%1‘&@1‘ tareS iiiRCRldd Wdid) 1581 gacond
coverage area. 81. he apparatus of Claim 77 wherein said
secondunact i wed2 comuni cati on S|gnal are radiated from said second

antenna at a | ower. power |evel than said first set of conmmunication
si gnal s arerﬁQ&Fgﬂé&lpﬁmﬁQPm gaid r99ndnbapfa station said set of

active communication signals.

renmote unit is located in said firsg
78. The apparatus of C aim 77 wher e
nmeasures a round trip delay of sai

12. A method for a communications network in which a network

user communicates using a remote unit with another user via at

least one base station, said network including a first base

statioﬁ.having a first coverage area and a second base station
having a second coverage area, a method for providing
communications between said remote unit and said first base
station when said remote unit is in said first coverage and
simuitaneously in said second coverage area and wherein
communication is not established between said second base.station
and said remote unit, comprising the steps of;

producing a first active communication signal at said first
base station-intended_for said remote unit;

transmitting from said first base station said first active
communication signal from a first antenna;

producing a seqdnd active communication signal at said first
base station intended for said remote unit; .

transmitting from said first'base gstation said secdond active
communication signal, a pilot signal, a page and sync channel
signal from a seébnd antenna wherein said second antenna is such
that said first active communication signal and said second

active communication signal fade independently as perceivad by

said remote unit and are separately receivable by said remote

" -2
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unit;
producing a set of active communication signals at said
second base station none of which are intended for said remote

unit; and

cransmitting from said second base station said set of

activs communication signals.

13. The method of Claim 12 wherein said pilot signal transmitted

from said second antenna has a different PN offset than a first

pilot signal transmitted from said first antenna.
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(57) Abstract

In a communications network, a network user communicates
using a remote unit (125) with another user (30) via at least
one base station (Bja). The communications network has a first
base station (BA) having a first coverage area and a second base
station (Bza) having a second coverage arca. In the situation
where communication is not established between the second base
station (B24) and the remote unit (125), in order to provide
communication between the remote unit (125) and the first basc
station (B1a) when the remote unit (125) is in the first coverage
and simultaneously in the second coverage area, the first base
station (BA) produces a first active communication signal as
intended for the remote unit (125). The first base station transmits
the first active communication signal from a first antenna (130)..
The base station delays the first active communication signal to
produce a first delayed active communication signal and transmits
it from a second antenna (135) wherein the second antenna (135)
is oriented with respect to the first antenna (130) such that the
first active communication signal and the first delayed active
communication signal fade independently as perceived by the
remote unit. The first base station (Bja) may measure a round
trip delay of the first active communication signal in order to
identify that the remote unit (125) is located within the second
coverage area.




