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In a communications network, a network user communicates
using a remote unit (125) with another user (30) via at least one base
station (B1a). The network is comprised of first (MSC-I) and second
(MSC-II) mobile switching control stations respectively controlling
communications through a first set of base stations (BjA-Bjg) including
a first base station (B1a) and through a second set of base stations (B2a-
B2e) including a second base station (B2a). To direct communications
between the remote unit (125) and the fitst (B1a) and second base stations
(B24) the first base station (B1A) measures a round trip delay of an active
communication signal between the first base station (B1a) and the remote
unit (125). The remote unit (125) measures a first phase offset of a pilot:
signal received from a first candidate base station (Bya) and reports it
to the first mobile switching center (MSC-1) via the first base station
(B1a). The first mobile switching center (MSC-I) calculates a candidate
round trip delay between the remote unit (125) and the first candidate
base station (Ba) based on the first phase offset and the round trip delay
of the active communication signal. An active communication control
unit accesses a measurement directed hard handoff table to determine a
location of the remote unit based on the round trip delay corresponding
] to the first active communication signal and the candidate round trip
delay.
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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
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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
remote unit signal using the same channel to communicate with a distant
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for provxdmg communication with the remote unit through more than one

base station during the handoff of a CDMA call. Using this type of handoff

communication within the cellular system is uninterrupted by the handoff

25 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.

An improved soft handoff technique is disclosed within U.S. Patent

30 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

patent, the soft handoff process is controlled based on by measurements at the

35 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.

More specifically, in the system of the '261 patent the remote unit

monitors the signal strength of pilot signals from neighboring base stations.
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renote unit istatibn@ position at which it is assured of receiving 5 the

command tyg switch .&ﬁﬂ&?@& Sthe 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
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
25  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
thereby precluded from performing simultaneous remote unit
communication through more than one base station during the handoff
30 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.
When resources are not available to conduct intersystem soft handoffs,
the execution of a "hard" handoff of a call connection from one system to
35 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
successful transfer of the call connection between systems. It follows that the
handoff should be attempted only when, for example:
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second system controller. The round trip delay between the remote unit and

25  the base stations in the Active Set is measured directly by the corresponding

base stations. The round trip delay of base stations in the Candidate Set are

not measured directly and must be calculated based on the remote unit
perception of the candidate base station pilot signal.

Once the round trip delay is determined, it can be used in conjunctibn

30 with remote unit measurement directed hard handoff (MDHO) to determine

whether the remote unit is located in a region within the coverage area where

hard handoff is both necessary and likely to be accomplished successfully and

to determine to which of the base stations should the hard handoff be

attempted. When the remote unit enters the MDHO state, an active

35 communication control unit which is handling the remote unit connection

i

)

sends a set of round trip delay measurements and corresponding base station
designations to the system controller. The system controller accesses a MDHO
table which contains a series of rows of information. Each row contains a list
of base station identification numbers and corresponding round trip delay
40  ranges to define specific regions and the appropriate handoff action for each



region. If the location of the renote unit matches one of the regions
desi gnated by the row of the MDHO table, the systemcontroller initiates

t he action specified in the MDHO t abl e. The paraneters

whi ch control the soft handoff process nay be 5 augnented to increase the
nunber of mMWHYEIWVf t he Candi date and Acgi ve Sets. BRECEHUSYIABEGN
breat hing nmay al so be augnented for proper operation. The renote unit
measur enent directed hard handoff concept can be conbi ned W th
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shows a rr:mghly |deal I zed representation of the handoff regi on 30
correspondi ng to aT tugescroiedts, and advaniaggs of cthenprrsent invention will
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FIG. 3 shows a cellular communication system collocated with a point
to point microwave link between two directional microwave antennas;

25 FIG. 4A show a highly idealized representation of the hard handoff
region of an FM system;

FIG. 4B show a highly idealized representation of the hard and soft
handoff region of a CDMA system;

FIG. 4C shows a highly idealized representation of the handoff region

30 corresponding to a CDMA to CDMA different frequency handoff;

FIG. 5 shows a set of interior, transition, and second system base
stations and is used to illustrate the function of the remote unit measurement
directed hard handoff table;

FIG. 6 shows an antenna pattern for a three sectored base station;

35 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
different frequency handoff;

 FIG. 9 illustrates two collocated base stations in a configuration
40 providing CDMA to CDMA different frequency handoff;
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FIG 10 illustrates handoff froma CDVA systemto a system providi ng
service using a different technol ogy; FIG 11 illustrates an
alternative configqlurati on providing a CDVA to CDVA di fferent
frequency hand®A?’#8g a single nulti-sectofed base stati on; PCEUSI7A8677
FIG 12 is a block diagramof a prior art base station conprising receive
di versity; FIG 13 is a block diagramof a border base station
havi ng transmit FIgi 1@ finstspteschandedf, éxomp 2t GDY A systeny to a system providizigs
14 represents tr@mﬁelﬁﬁlgaaamfé@ﬁaﬁeeﬁnm . stations to performhard 10
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a CDMA system GIVeriif§iorsected by a point to point mcrowave |ink in which
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area are subst angialdiv throd AR ersite? DESCRI PTI ON OF THE
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Nilg
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same.
20 DESCRIPTION OF THE PREFERRED EMBODIMENT

An exemplary illustration of a cellular telephone system, a wireless
private branch exchange (PBX) system, a wireless local loop (WLL), personal
communication system (PCS) system or other analogous wireless

25 communication system is provided in FIG. 1. In an alternative embodiment,
the base stations of FIG. 1 may be satellite based. The system illustrated in
FIG. 1 may use various multiple access modulation techniques for facilitating
communications between a large number of remote units, and a plurality of
the base stations. A number of multiple access communication system
30 techniques, such as time division multiple access (TDMA), frequency division
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
35  techniques for multiple access communication systems. The use of CDMA
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
40  invention, which is herein incorporated by reference. Many of the ideas



si deband are known in the art. However, the spread spectrum nodul ation
techni que of CDVA has significant advantages over these nodul ation 35
techni ques for nultiple access comuni cati on systens. The use of CDVA
techniques in a multiple access conmuni cation systemis disclosed in U S.
Pat ent No. AVO¥M44397 | ssued Feb. 13, 199@, entitled " SPRERCTABNOBSIIM

MULTI PLE ACCESS COVMUNI CATI ON SYSTEM USI NG SATELLI TE OR TERRESTRI AL
REPEATERS", assigned to the assignee of the present 40 invention, which is
herei n i ncor pdeseribed bpreinf carehe aisedawjthos variety i aepmmunication werlgmgues70

8 . even througiW€lé Prdiéie8eiibodiments WiddeRHbrBar Rl d&RAbEE WiRiEd
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seudor andom n § |
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t he ot herl hasdirsetsequemce, m@admmsxgaawmammqoymauw@y bt eachdrase
based on the g@éenpRagta ebififén pfseﬁdtﬁaﬁabﬁt néib (RN $prehding dodesi BRH Bdsem

for coner ent Satioh ¢ base Mo Setlor®bRBnug B8 PnfioR "Byl BOARRCL CeREPIR®
measur ement s Himedfrom the othepbasststatipnse rThen@[ﬂPQiﬁ units can ldenthRelPiﬁerﬁth'goagal n
to FIG 1, sybassdaothe @deghase dffsay dfahe Pilot signal et of feedives frothOtheshage

mobile swachiggofientiHe PRY sighxpiﬁa'l lﬁéo.{rﬂ@sugeﬁh&s@t EbAGRe 2R coherent
demodulation and the basis of the signal strength measurements used in
handoff determination.

Referring again to FIG. 1, system controller and switch 10, also referred
to as a mobile switching center (MSC), typically includes interface and

25 processing circuitry for providing system control to the base stations.
Controller 10 also controls the routing of telephone calls from the public
switched telephone network (PSTN) to the appropriate base station for
transmission to the appropriate remote unit. Controller 10 also controls the
routing of calls from the remote units, via at least one base station to the

30 PSIN. 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

35  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 processing circuitry for provi di ng system control to the base

stations. Controller 10 also controls the routing of telephone calls
fromthe public swi tched tel ephone network (PSTN) to the appropriate
base station f transm ssion to the appropriate renote '
Controller 10 gp?&“%‘ht rols the routin® of calls fromt ﬁéﬁ?ﬁ'f’%ﬂ

units, via at |east one base station to the 30 PSTN. Controller 10 may
direct calls between re

fe units via the . approptiate base stations.
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receive the pilot signal from base station 16 at a higher level than any other
pilot signal it monitors. When remote unit 18 initiates a traffic channel
communication (i.e. a telephone call), a control message is transmitted to base
25 station 16. Base station 16, upon receiving the call request message, signals
controller 10 and transfers the called telephone number. Controller 10 then
connects the call through the PSTN to the intended recipient.
Should a call be initiated from the PSTN, controller 10 transmits the
call information to a set of base stations located in proximity to the location at
30 which the remote unit most recently registered its presence. The base stations
in return broadcast a paging message. When the intended remote unit
receives its page message, it responds with a control message that is
transmitted to the nearest base station. The control message notifies
controller 10 that this particular base station is in communication with the
35 remote unit. Controller 10 initially routes 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
base station. The process of transferring the communication to another base



unit. Cenerally speaking, the termreverse link refers to the connection
from the renote unit to the base station. 20 In the exanpl e
illustrated in FIG 1, renote unit 18 may be consi dered to be in the
coverage area of base station 16. As such renote unit 18 tends to
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to be strongerrempets uniyEondinues rtesﬂem@fy atehpteasunei the lsggnal strength of the pilot
signals which it receives. In this way, remote unit assisted handoff is
achieved. '

The foregoing process may also be considered to be a "soft" handoff in
25  that the remote unit simultaneously communicates through more than one
base station. During a soft handoff, the MSC can combine or choose between
the signals received from each base station with which the remote unit is in
communication. The MSC relays signals from the PSTN to each base station
with which the remote unit is in communication. The remote unit combines

30 the signals it receives from each base station to produce an aggregate result.

Upon review of the process of soft handoff, it is clear that the MSC
provides the centralized control of the process. Remote unit-assisted handoffs
tend to be more complex if the remote unit happens to be located within the
coverage area of two or more base stations which are not within the same

35  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
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



transmts a nmessage to the current base station, base station 16. The

I nformation is communi cated via base station 16 to controller 10.
Controller 10 upon receiving this information may initiate a connection
bet ween renote unit 18 and base station 12. Controller 10 regue w,?t
base 15 st aVO#93® assign resources to thé call. In the pr&@%’z’ﬂ

enbodi nent, base station 12 assigns a channel elenent to process the
call and reports such assi gnnent back to contr.oller 10. Coagtrol ler 10
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direct access to communicate with base stations B;4-B,g. As shown in FIG. 2
MSC-I and MSC-II can communicate with one another. For example,
EIA/TIA/IS-41 entitled "Cellular Radio Telecommunication Intersystem
25 Operations,” and subsequent revision thereof, define a standard for
communication between switches of different operating regions as shown by
intersystem data link 34 in FIG. 2. To provide soft handoff between one of
base stations Bjc-B1g and one of base stations Byc-Bog, a large volume of call
signal and power control information has to pass between MSC-I and MSC-II.
30 The protracted nature of the switch-to-switch connection and the large
volume of call signal and power control information may cause undue delay
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 controlled by MSC-II can be vastly different. Also the method of power
35 control used by two systems might be quite different. Therefore the present
invention relates to providing a mechanism of hard handoff between two
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-II may not use CDMA to
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MSC- 1| may notmicsewa@pBhMirtko 140 is shown between directional microwave antenna 130

- 25  and directional microwave antenna 135. Base stations 40, 100, and 110 may
need to avoid the use of the frequency band used by point to point microwave
link 140 and thereby avoid interference between the two systems. Because
directional microwave antenna 130 and directional microwave antenna 135
are highly directional, point to point microwave link 140 has a very narrow

30 field. As such, the other base stations of the system such as, base
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

35 support communication on the frequency that remote unit 125 is currently
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 unit 125 to

perform a hard handoff to another frequency band which is supported by base
station 110.
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such a case, hard handoff is required even if a mechanismfor intersystem
soft handoff is provided in the systemcontrolled by Nﬁ%ﬁ@m;e
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unit 125 is C'Urétﬁﬁbﬁ}Bl A-BiE EPQfaﬁ‘islrﬁﬁbi@ﬂ,toi thel ded? at&j?%éxin@k@ drt. CIBEat Asé
soft handoff from g(gse stati.on Jf15 ttgetgase tation ‘%é{)&‘l nst ead base

station 115 rmy“JHERls thesprtng, of calls fromy emgte HPHH, i $hSPFIREeS AE2,
anot her fr &fuentia dsdesdt ohe bhse statoporthe dPSTIN. DMSE-II operates in a like manner to

govern the operation of the base stations B,,-Byg to route calls between the
PSTN and base stations B,,-B,z. Control messages and the like may be
communicated between MSC-I and MSC-II over an intersystem data link 34
using an industry standard such as IS-41 or subsequent revisional standard.

30 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 C,p. In this instance the remote unit could begin to receive

35 usable signal levels from base station Byp 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
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30 Y)\hen a remte unit is located within the coverage area of an
I nt ernal bas&EE¥ %N, the renote unit is programmed to nonitor the
pi | ot signal (iv) MSC-I supplies the new channel information to the

remote unit via base station B;p, and specifies a time at which
the remote unit is to begin communication with base station Byp;
(v) Communication is established via hard handoff
25 between the remote unit and base station B,p at the specified
time; and
(vi) MSC-II acknowledges to MSC-I the successful
transition of the remote unit into the system.

30 One difficulty with this approach is that MSC-I is unaware of whether
the signal from the remote unit is received by base station B,p, at a sufficient
level to support communication at the time. The MSC-I commands the
remote unit to establish communication with base station B,p. Likewise, base
station B, may not as yet be receiving a usable signal level from the remote

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

Another difficulty in providing for hard handoff is the nature of the
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Communi cation is e | S

rov1 es nominally no interference to the communication between base

station 150 and any remote unit with which it is in communication.

Boundary 182 indicates the location beyond which communication from base

station 165 to remote unit 155 is not possible. Likewise boundary 188 indicates

25  the location beyond which communication from base station 150 to remote

unit 155 is not possible. Obviously FIG. 4A, as well as FIGS. 4B and 4C, are not

drawn to scale and in reality the coverage area overlap regions are relatively
narrow as compared to the total coverage area of each base station.

With the CDMA soft handoff, the existence of a coverage area overlap

30  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

system, typically the active and neighbor base stations operate at the same

35  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,

the connection between the active base station and the remote unit may
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20 even in soft handoff. Beyond boundary 190, the signal levels from base
station 200 are insufficient to support communication with remote unit 155
even in soft handoff.

Note that FIGs. 4A and 4B are drawn with reference to each other. The
reference numerals used to designate boundaries 180, 182, 184, 186, 188,

25 and 190 increase in value with increasing distance from base station 150 and
base station 200. As such, the soft handoff region between boundaries 180
and 190 is the widest region. The FM coverage area overlap region between
boundaries 182 and 188 lies within the CDMA soft handoff region. The
CDMA ‘hard handoff region is the most narrow region between

30 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
capable of simultaneous communication with remote unit 155. Thus if
communication needs to be transferred from base station 200 to base

35 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
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
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only base areas of the base stations in which it is possible to establish communication
with the corresponding base station. The outermost, thick wavy lines
encircling base stations S; - S; and base station T; show more realistic
25  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
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
30 other obstacles within the coverage area. Realistic coverage areas are not
shown for each base station to simplify the drawing,.

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

35 simplify the drawing. The concepts of the present invention are directly
applicable to sectorized base stations.

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
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coverage 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

25  the base station. For example, sector 80 would not transmit a signal intended
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

30 contributions from sectors 50 and 70 and from base stations 115 and 120. A
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

35  strength of several sets of base stations as measured by the remote unit. The
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
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strength corresponding to a base station of the Actlve Set drop below a
predetermined threshold for a predetermined period of time, the remote unit
generates and transmits a message to report the event. The system controller
receives this message through at least one of the base stations with which the
remote unit is communicating. The system controller may decide to

30 terminate communications through the base station having a weak pilot
signal strength.

The system controller upon deciding to terminate communications
through a base station generates a message identifying a new Active Set of
base stations. The new Active Set does not contain the base station through

35 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.
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comuni cat i onU-% Patent ApplieationsNed08/1144,98% filashOctober 19'519235’@0/\' Gbabé@}éed
stations 281 r eadoN@hidh ﬁ@tdskﬁ%ned to th@agsegﬁéeaéﬂ the presEt isveigidhase stations
that have a high pfnoﬁ\aeb}lnl'elfetﬁ(eé) mli') dimMent 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 handies the active
communication for one remote unijt. At the termination of a call connection,
30 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
time the round trip delay between the base station and the remote unit
35 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
both of these signals is explained more fully below. In the most general
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station having Eands atf JSnets to 1den’nf}S' Iﬂg ocation of a remote unit. Obtaining the round
trip delay between the remote unit and a base station which is a member of
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
25 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.

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

30 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
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

35 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
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
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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.

25 The system controller can translate the pilot signal phase into an
estimate of round trip delay using the following equation:

RTDcan1 = RTDyet + 2*(PilotPhaseczn; - ChannelOffsetcan; * Pilotinc) Eq.1

30 where:
RTDcan1 = the calculated estimate of the round trip delay of a base
station having an entry in the Candidate Set;
RTDref = the round trip delay reported for the reference pilot signal;
PilotPhasecn = the phase relative to the remote unit's perceived
35  universal time reported in the PSMM in units of PN chips;
ChannelOffset.,n1 = the channel offset of the candidate base station
which is a unitless number; and
PilotInc = the system wide pilot sequence offset index increment in

40 units of PN chips pet channel.



25 each of which are assigned to the assignee of the present invention.
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sel ector can altsp delayrhetaveendhe semote unit apd the ch@sq afaaendvbld?e@%g@m T Qfe
renmote units A&h@@mh&ateseﬁ URBmambes 312 dRe pfeferred enﬂadmﬁéﬁgeea&nrﬁasé atattim

base station c ng it to OVi

Pilot Strengt h%ﬁgﬁb %ﬁg ii((g}gsgthmffséﬁxétt&ees%h that ﬂt‘e ﬁ{ Pt hctg?e
signals is explxdemdcr arbase stajiony basedom the) codeephasst offseh of dhe pnlot signal. \ibe
97/ 44970 ., Pile yg\ uence offset mdex lﬁérerr ent, leotlnc, 1s code m?ﬂtﬂé’i%éf@ﬁ@ﬂt

enbodi nent , sel ect or 1|Q ontro o
‘g b, tefion, pilgh: fenalanme. oliset perﬁm ehange] osfietons

and . any

that in 10 t t@t_mumﬂ@ffset&ne,rdfdhe rcandlchltebahel statidre designates wslalchcd;foﬁle code
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Wi th the renpt E2fidate base ﬁag@lj’ﬂfﬂt%eam@% 60de plaase affsef 2 the sandidate,
t he r enot éasaistativassdneasured by thererhoterunifbecampazd toshe rrefesendet pilot

fromthe base ?ammt%ftmm s! PIRthdib] %%g%@ﬁoﬁwtmﬂfs%%tm n il e

The transm te Oﬁ% res some_ tr trav romthe base
station tol ChanpelOffsgteag andohilgting greckneawy tq the sgleston: that it
receives fr om t he basﬁ thieed were ho dielaygm uMmlsslontmahe systeinp the phhse of dends

back to the ba:&gaﬁcﬁté OBas@%tﬁﬁ?P%bﬂ Be ttl'\'gin%roduct P QRQE Thafthel hﬁffset

signal that th ase t|on recei ves renote u
al i gnment of t Heh é? ?‘Séé’étegi &?‘i‘%ﬁ‘ Qltrauence ﬂésqtéﬂﬂ?é infrementy o
base station calhlcttktoerBecaaset there arendtansmissionl dejaysTinethe aystem, the remots unan
be 15  useg t G&aliveR gtﬂ Hﬁ‘e f@féﬁeﬁ&? P?Eirﬁ‘?\gf‘ ah, QQQac%ﬂdi‘éa%% ghdiohnBilot
remote unit. ccp{‘ er | rent e base st%tt,
reports the roufignal wit lffg"’ﬂ'él F}gedglél"e F’aﬁﬂ’é&éb%rsyﬁwg‘% ﬁ;
del ay changes hoffseb(e tlbehproduct of ChannelOffsetcm and PilotInc) from the perceived PN
offset (= PilotPhasec,n) yields the relative offset between the reference pilot
signal and the pilot signal of the candidate base station. If the difference is
25 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.
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.
30 For the sake of the example, assume that the system-wide pilot
sequence offset index increment is 64 PN chips and that the following

information is used for the basis of a round trip delay measurement.

PilotPhase s = 0 RTD =137 (Base station Id = 12)
35 PilotPhase;3y =948 RTD =244 (Base station Id = 14, relative offset 52 PN)
PilotPhasej = 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
40  can be thought of as the channel PN offset used by the base station to transmit



a predeterm ned anount. One aspect of the present invention
uses the round trip delay between 20 the renote unit and base stations

whi ch are nmenbers of the Active and Candi date Sets to identify the

| ocation of a renpte unit. Obtaining the round trip delay between the
renote unit WA hse station which is @genber of t RETERPAUIEAT ¢ Set
I s somewhat nore conplicated than determ ning the round trip delay of

a nenber of the Active Set. Because a base station which is a 25 menber
of the Candi dinecpiidtsignads Furthetcassunmieathat dase spatibns A2 randht4 (whixhemay be
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pil ot drop unnecessary\@ aEeshestonumbers to calculate the round trippdelay between
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the pilot sigpal Pf t he
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duration 1% tAetiveiSghered timer is specified by T TDROP. After the

tL”ﬁ sgefl fi teﬂ by ﬁomﬁ?@ba@@s@@a@&anbﬁ 1618 apmbﬁibeslcﬁrtné Ca'idlda&érsaﬂ%@ i's
| el ow e

IPRCP th t th
correspondi ng %ﬁ%de_ g?aqell% W?Bmﬁ%ﬂé“ ggﬁ xer{a('“élnev\mr(el{:}iy Frlré%fqlo% gnd Thee
Active Set veEquatiamambeueansittbeysgshta dmrmeeé;hmquuncr toipstelay. etF@r?lm

anount by V\hlgdanbhqsghé(giar&hgﬁag afet rength of a nenber of the Candidate Set
must exced¥ the pilot signal strength of a nenber of the Active Set to

tr! gger a 10 PSM\/IRﬁagp_qwmgpaﬁpgour paraneter is stored in the renote
unit. Each of PilotPhasecan1 = 1009 PN chips;
ChannelOffset.,n1 = 16; and

25 PilotInc = 64 PN chips per channel.

Plugging these numbers directly into Equation 1 yields a round trip delay

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

ChannelOffset.an1 and the Pilotinc is subtracted from PilotPhaSecniwhich in

30 this case yields -15 PN chips. One interesting note is that the round trip delay

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)

35 state. In order to minimize the processing impact, the system enters the

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

40  when there is a single base station in the Active Set and that base station is a



these four paraneters can be reprogrammed to a new val ue by a nessage sent

fromthe base station. The PSMM i ncl udes two pi eces of

i nformati on which are pertinent to t he present invg_ntio?. Thg PSIVWM
rises a record for each pilot signal 15 corresponding to a base

station whichWeYM4¥rver of the Active or 26andidat e SePCTHSYIPSTTt he

PSMM conpri ses a neasure of signal strength. Second, the - PSWM

conprises a neasure . of fhe pil.ot silgnal phase. The renpte unit

measures the pitFRRSINOTY Base plagians o “eécIﬁ°‘|b‘it\‘OF@Q&WHan_Wi%cPYGQ@éﬁ%et.
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Feferrod to as TRBEKEREMBERY o) BE okid The system

control l er can trandMBHO state i based ongthel ugehefse MIHE table. In theeMDHE) iablef

: | : | 3 ror. ) = 'l
round trip del achebWwieph@en!d Sumibe Fana dg?%i-a e area )regxot?qﬁ:ﬂa %aocd\?mggg

+ 2*(Pi |l ot Phase[err] - annel O fsetferr ) Wh
RTDL6r 1] = t ho 5t CUPUREAOBOR it BSHREd Alove, GripHerdss emsgpesparegign 1s an
station ha¥Dng axea émwhich nommmurGeatitindeduld $et supported between a feHbter it andhe
P10t Phasel er 1 1 i, 86 6 ditfefedt Bas SEns s16he S MR fow, contain 3 gt of
I | ot Phase[err]_= ase. re . .

uni versal time F&HFt eﬁf?%\‘ﬂéd%ﬂﬁ\fmwwm?e@r anrewne dTip delay ranges. The
Channel Of f set [ etoprthd=trithdelalyarange i9spedifiedfin ttarms fdi geihéminas eared ataxitnum
which is a unitlaag tﬁprﬁgﬁv’ and Pilotlnc = the system w de

(leh!a(rﬁ]elséqz gee of f S‘i}\ o'r&%f&}u{%ﬁr gel(]dbﬁg table, eitlljgi' taS n?:}c:wopm (;)rlla!gg\singetrool or
PCT/ US97/ 08677 empirical dake iy osed! toridentifyt ayset egfotégions Gindt fiee I RspOAding
pi ot signal, Rppr&psidte debion for each! 1a¥iote daR¥mbHGeIY FHSBINEH BF e%?s%t%' on
to the select Orc'ouil_(i1 Be uSed' 90 éér{eeate 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
S2 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
at which a direct path from base station S; to a remote unit located on shaded



delay for the reference pilot signal serves as the basis for estimating the

round trip delay between the renote unit and the base station which
is a nmenber of 5 the Candidate Set. Renenber in the preferred

enbodi ment, each base station transmts the same pil ot sequence
offset in tWRET48h that the renote uni t2gan i dent | RETAISBHAEETSSt at i on
based on the code phase offset of the pilot signal. The pi | ot

sequence of fset index increnent, Pilotlnc, is code phase offset increnent
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station and t&ebéeaahﬁlemby the fact at tHerdlirdd ﬁﬁp@@ﬁynsgtweémﬂe tﬁéntdte oL €
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d he rd i nk
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0 Fo bewnsféneeremotq nelt@mlnl?ﬁse statipny fip is between 208 yxs\siezawlﬂedpps ot
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PN) Pi l:ﬁh@hﬂjie{rercbh\muﬁﬁﬁﬁoﬁB&&ﬂ\ shavei siatibfl F; 16, to adxabutee a0bdmet - 15
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used by 2%ie kre@ité hdiard hahdoff teHEAMPS 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
region N on Table I and coverage area 240 corresponds to coverage -area N+1

30 onTablel. 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
of parameters is compared to region N+1 is that if region N has already been

35 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
columns show a second base station ID and round trip delay pair as do the
sixth and seventh columns. More columns designating base station ID and
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PCT/ US97/ 08677 the pilot signal. Further assune that base stations 12
and 14 (which nay be assunmed to refer to the base stations shown in

FIG 1) are nyyibelsionf the Active Sejz and the RTD neasupefsémséys
measured by base stations 12 and 14 are being reported as 137 and 244

PN chi ps respectively. 5 Noted to the right of the pilot phase and
t he round trirpumkkhqydelajrq:airsmaybeadﬁham&ﬂémn 14 is the calcul ated

re! ative offset. %ﬁf’eﬂbbﬂ W%ﬁe bP@ S6tS5eal in 1%1‘4&01.948 PN

chi ps. The f|xe

station I'D ( baRksPheetem conrolar GBECL g?#@ efrg?%e?@mme(m ' dath Bsq <
equal to 896 vihick prgidesTtie xthlg}ihmdmseaxht pilotoffset andwaher sudhplatdhegh fe and

between [Be °%*M§f°9“%ﬁ“ﬁ theprefafect LAbLAnR, HE sefecll stGull Sk | o,
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cal cul ate thevheneser thel RTDahessub@uRefor any ofthéactive basiistaior RHahge Byenot e
unit because tﬁgmgﬁ guhpn 14 makes a round trip delay neasurenent
directly becaus ase station 14 is a menber of the 15 Active Set.

However becdiSerpaph ; ATBIEE
afibnt | ddl¥irect [y by} If

round trip ceeRy
Equation 1 aaove rmst bg used tjo detlermine fhe r

station 16 tjte_parbpetens are: g()

Pi | ot Phase[ &'Y] = 10b9 F’Wtﬁﬁ pd2  [W.Z ST
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t he wmwwrﬁmm;m. St
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I nteresting te i $ thatl the rdqund tyip del py bet vveen base st 4
and the 16@noTe UnNlt 15 Tess tnan tne rounatrrp oeray pECWeen. pase

station 12. A first nethodmlé'ﬂentifyi ng the | ocation of the
renote unit relie

directed hard han?h?fco(lwaﬂo Eeda °§'t bbeeFr? ﬁ##l f‘ﬁ‘é@asﬁ%?gf

processi ng i rifhen the jacatign th the rremoge runit maps to one of the coverage regions.
15 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;

Intrasystem base station CDMA-to-CDMA hard handoff;

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

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

25 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
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

30  be used to locate the remote unit. Decreasing T_ADD and T_DROP system-
wide can have a negative effect in that each remote unit in handoff uses
system resources from two base stations. It is desirable to minimize the



MDHO state only when any nenber of the Active Set is nmarked as a
transition base station. In an alternative enbodi nent, the systementers

t he MDHO state only when all nmenbers of the Active Set are transition
base stations. In yet a third embodi ment, the systementers the MDHO
state only A¥O9449%h there is a single bage station in the PIVUSITO®EL and
that base station is a. WO 97/ 44970 25
PCT/ US97/ 08677 transition base station. In a fourth enbodi ment,
sufficient proumber n@temoter\ss'tajncm&!)ffhtermcth dohsdrve resovptd st eich base
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row represent ct|o e coverage area region
area overl ap 5) elopg Ty ed above, a coverage area overlap region is an
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for each regi%gtial No: Qgﬁglt%ﬂélayldaU{sle@tﬁmdépplmathtal§\}mt08?f522469 doudrd be
used to gener akérnhtice Mdbbl kb, éenNqt Qﬂe Yén & Gota ?ﬁxttmg of

interior, and con st e as at use

i1l ustrate ZSE%AOR'{%@% o ﬂ?f n}’gsetﬁ%? 'héhgﬁf’ra‘fr‘éﬂ?sa?mgw ke d
handof f tlal esecond systgm ém@éamduw@anmtmgmls amd Waeze age abientries indthediase a
round trip dejtayion ID colR@sUbe FRNMDHCEGBR EsirespRhd Pa)bs'se ﬁQﬂGﬁQs Ling, 222

cling ba t represents.the | qca direct
path from bacbigh BEbe it cunsisd B8 ﬁo%wmrlpr%?e sty O beleaenty 52
exhibits a rothedfesgions vu}exbwr@?ffwsdm paint to pojnd mighewiane links 220 -
encircling base stiatdopie SRusRMERIMEG Ahebb %aémlént@éhmmate"ﬁiecﬂs@ofl'tﬁ@Ct

BT RO SR A B o, e
unit thus leavmg only the active base station information to determine the
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.

25 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
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

30 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
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

35  be possible to eliminate the use of pilot beacons in the system 2 border base
stations and the use of the candidate base station round trip delay
determination.

Each base station in the system is initially calibrated such that the sum
of the unloaded receiver path noise measured in decibels and the desired pilot



unit located between shaded |ine 220 and shaded |ine 222 would exhibit a
round trip delay between 200 and 220 PN chips. 30 Li kewi se, shaded
| ine 226 encircling base station Tl represents the | ocation at which a

direct path f station Tl to a renote unit |ocated on ed
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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

25  is to sufficiently narrow the defined coverage area overlap regions as stored in
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

30 mechanism operates on the forward link signal to force the forward link
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.

35 A third way to deal with the issue of base station breathing is through
network planning. If the border base stations of the second system do not
transmit traffic channel signals (i.e. active remote unit specific signals) at the
frequencies used by the border base stations of the first system, the effect of
breathing is minimized. If the border base station transmits a pilot signal
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[ 1] [1]  (or base bfikion secto?$) are designaled rdfédence base stations, R. If 4 Pemote
BSId . . 20 unit is within the coverage area of a reference base station and it reports
detection of a triggering pilot signal, P, 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
25 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
30 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
directed handoff. Note that it is not necessary that a base station designated as
35 aboundary 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 for both
intersystem handoff and intrasystem handoff.
Both the detection rule and the hand-down rule may be dependent on
the physical characteristics of the system. The use of these two rules may
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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
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
51 to system S; in the Cj5/C; region. As the remote unit approaches Cy it
begins to perceive the pilot signal transmitted thereby. Using the detection
rule, if Cy4 is the reference base station, the selector requests a handoff to an
AMPS base station that is collocated with coverage area Cya. As noted above
the hard handoff from an FM AMPS system to another FM AMPS system may
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
coverage areas in the boundary base stations. Having switched to FM AMPS
operation, the probability of a successful intersystem hard handoff between
the FM system is high.

FIG. 8 illustrates the use of the detection rule in a CDMA to CDMA
different frequency handoff. In FIG. 8 the area corresponding to system S, is
shaded to indicate that system S, is communicating with traffic channel _
signals at frequency f, but is not communicating with traffic channel signals at
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station 200 and remote unit 155. If base station 205 is transmitting a pilot
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
30 than the interference produced if base station 205 is transmitting traffic
channel signals. Therefore boundary 189 is much closer to base station 205
than boundary 186.
Boundary 181 represents the point to which reliable communication
can be established between remote unit 155 and base station 205 at frequency
35 f5. Region 178 between boundary 181 and boundary 190 represents the area
where remote unit 155 can detect a pilot signal from base station 200 if base
station 200 is equipped with a pilot beacon unit operating at frequency f, while
communicating through base station 205. Again, notice how much closer
boundary 181 is to base station 200 than boundary 184. Region 174 between
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the natural reagﬁidgrnbge sttgt?or{seXr?éép%slsibﬁyktﬁeoﬁgtelﬁy%l}/gff i?\ferrigff base S:;tions in
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.

25 FIG. 9 shows yet another alternative embodiment for a transition area
between two systems. The configuration of FIG. 9 requires cooperation
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
iltlustrates two collocated, or substantially collocated, base stations By and B,

30 providing CDMA to CDMA different frequency handoff. Both base station B,
and base station B, are bi-sectored base stations providing coverage to
coverage area 310. Base station B; of system S, is providing CDMA service at
frequency f; in both sector o and sector B and base station B, of system S, is
providing CDMA service in both sector o and sector p at frequency ;.

35 Note that coverage area 310 is intersected by highway 312. As a remote
unit travels into coverage area 310 from system S; using frequency fi, a
standard intrasystem soft handoff is used to transfer call control to base station
By, sector B. As the remote unit continues down highway 312, soft or softer
handoff is used to transfer communication from base station B, sector B to
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rule. Certai nyRane s3llib@ R 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.

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

30 CDMA or FM or TDMA or point to point microwave links or for any other
function. Also in FIG. 9 it is not necessary that the base station comprise
exactly two sectors and a greater number of sectors could be used.

FIG. 10 shows a situation in which a CDMA system borders a system
providing service using a different technology. This situation can be handled

35 ina similar manner than FIG. 8. FIG. 10 shows the special topology of Detroit,
Michigan, USA. Detroit abuts Canada on one side. A river defines the
boundary between Detroit and Canada. A few bridges cross the river to
connect the two countries. |
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depend gener al |opverage area Cz4. 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,. Pilot beacon P, is

25  a pilot beacon unit operating on frequency f, collocated with coverage area
Cia. '

Note that in the configuration of FIG. 14, a hard handoff between base
station C;p and base station Cog must be performed as a remote unit travels
between system S; and system S;. Because the interior base stations are not

30 transmitting traffic channel signals at the frequencies from which a hard
handoff is made, the reliability of communication between base station C;p at
frequency f; and a remote unit located in the coverage areas Cip and Cyg is
high. Likewise, the reliability of communication between base station Cyp at
frequency f, and a remote unit located in the coverage areas Cjp and Cyp is

35 also high.

One issue with the configuration of FIG. 14 is the co-location of
coverage areas Cig and Czp. Collocation of the base stations typically requires
some amount of coordination between the two system operators. If the two
systems are operated by different carriers, the carriers may not want to share a
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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 S; to system S; is
25 represented by dashed line 356. Note that until the remote unit reaches the
location indicated by arrow 350, it remains serviced by system 5, at frequency
fi by the base station corresponding to coverage area Cjp. Likewise the
connection of a remote unit that travels from system S; to system 5; is
represented by dashed line 354. Note that until the remote unit reaches the
30 location indicated by arrow 352, it remains serviced by the base station
corresponding to coverage area Cyp. Therefore, between arrow 350 and
arrow 352 the service providing communication to the remote unit depends
on which system was providing communication when the remote unit
entered the region. The remote unit may move around within the region
35 between arrow 352 and 350 without handing off between the two systems.
Referring again to FIG. 4B, another solution to the hard handoff
dilemma is to increase the size of hard handoff region 170. One of the reasons
that the region is so narrow is due to the effects of fading. Because a remote
unit located within hard handoff region 170 can only establish
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The configuration of FIG 8 has a great advant ageoUs over the

configuration of FIG 7. FIG 4C illustrates the advantage of handoff using
t wo different CDVA frequencies. FIG 4Cis a highly ideali zed
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boundary 183 anghveanodary 189 represents the area where a handoff o
comuni cation from hase station,200 at frequency f1 to base station 205 at

frequency f2 or vicefetdsfencs of,a multipath ienwironment; gan RaQViIRE Pathdiyersity
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
can be employed to separately receive the signals at a single base station or

25 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
combined before the decoding process. Thus the total combined energy from
the plurality of paths is used in the decoding process thus increasing the

30  energy and the accuracy of the decoding process. Multipath signals typically
exhibit independence in fading, i.e., different multipath signals usually do not
fade together. Thus if the output of the two receivers can be diversity
combined, a significant loss in performance occurs only when both multipath
signals fade at the same time.

35 Referring again to FIG. 4B, assume that base station 200 is the active
base station. If there are two distinct signal components from base station 200
that are received by remote unit 155 the two distinct signals fade
independently or nearly independently. Therefore the total signal from base
station 200 does not experience the deep fades that occur when receiving only



region 174 is than region 170 in FIG 4B. The |arger size of region 174 is
greatly 5 advant ageous to the hard handoff process. The fact that two
di fferent frequencies are used does not greatly effect the hard
handof f process because in ei ther the sanme frequency or different
frequency caWe@97TM49#0 t r ansfer of comggini cati on has t hePCTHIIBEBES or e
make' hard handoff characteristic. The only slight disadvantage of
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312, soft or softeln FG. 1 I’@’m@ﬂﬂei’ S30sappligs 12 raremit ééﬂ?ﬁ!urﬁoc'éltﬂ &ier 1358m
base stat2sn Rihichdfittin [sapplies @ signal to antenna 334. In addition, transmitter 330
supplies a transmit signal (which in the most basic embodiment contains the
same signals as the original transmit signal) to delay line 340 and to
diplexer 342 and to antenna 336. As in FIG. 12, antenna 334 and antenna 336
are configured such that the signals as received from each antenna at the
30 remote unit fade independently. Because both signals are received through a
single antenna at the remote unit, in addition to the independence in fading,
the two signals must be separated in time sufficiently so that the remote unit
can separately distinguish the signals. The delay line adds sufficient delay so
that the signal radiated by antenna 336 arrives at the remote unit with a delay
35  greater than one chip relative to the signal from antenna 334 so that the
remote unit can distinguish the signals and separately receive and
demodulate them. In the preferred embodiment, the diversity base station
configuration of FIG. 13 is.only used in the border base stations.
In an alternative embodiment, delay line 340 comprises a gain
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PCT/ US97/ 08677 base station Bl, sector a. Wien sector a of base
station Bl becones the only sector in the Active Set, the hand down
rule applies triggering handoff to system S2 sect or [er o5
station B2, oN 9%2 tncy f2. T88 handoff for rerm e un|
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the river to thus il Ffilce tple mterfege?zycgti&\ fhe system including the interference to
remote units within hard handoff region 170 which are in communication
with base station 205. In FIG. 13, dashed line 348 illustrates the second
30 embodiment where two separate signal paths carrying a different set of signals
are used. It is assumed that any delay between to the two signals that is
necessary is induced within transmitter 330.
It should also be noted that the second radiator does not need to be
collocated with the base station. It could be separated by a large distance and
35 may be located near the hard handoff boundary. Alternatively, instead of
using the formerly receive-only antenna to transmit the diversity signal, the
signal could be transmitted from a distinct antenna. The distinct antenna
could be a highly directional spot antenna which focuses energy on the hard
handoff region.
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PCT/ US97/ 08677 On the USA side of the river CDVA system Sl is
depl oyed. On the Canadi an side of the river, the TDVA system S2 is
depl oyed. Both the USA and Canadi an sides are operating AVPS systens
in additi on WOXH4®Mhosen digital tgghnol ogies. A renBEHUSHTI08677
traveling on the Detroit side of the system 5 I's continuously in CDVA
coverage, possibly in soft and softer handoff. However, when the
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power control function operates in accordance with a time constant.

Depending on the time constant of the power control loop and the length of

25 time of a fade, the system may compensate for the fade by increasing transmit

power of the base station. The nominal power level transmitted from the

base station to a remote unit could be increased when the remote unit is in

the region in which a hard handoff may be performed. Again the remote

units in need of increased power could be identified, for example, based on the

30 round trip delay or by report of a pilot signal exceeding a threshold. By only

increasing the power transmitted to those remote units in need, the net

amount of transmitted power is reduced thus reducing the total interference

in the system.

As noted above in conjunction with FIG. 3, one situation in which a

35  hard handoff may need to be performed is a situation in which a remote unit

must change the frequency at which it operates within a single system. For

example, such a handoff may be made to avoid interference with a point to

point microwave links which operates in co-existence with the CDMA

communication system or to transition all traffic channel signals to a single
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sectors labeled sectors o and B. In base station Bja, sectors a and B operate at
frequency f;. In base station Bjp sectors o and P operate at frequency f,. Both
base station B;s and base station B;s have one omnidirectional sector, Y
25 operating at a different frequency than the directional sectors in that base
station. For example, in base station B1a sector y operates at frequency f, and
in base station Byp sector y operates at frequency f;.
FIG. 11 uses the hand-down rule. The omnidirectional sectors y are
marked as boundary sectors with a round trip delay threshold of 0 meaning
30  that if either of the ¥ sectors is the only base station in the Active Set, a
handoff is immediately triggered no matter what the round trip delay is.
Notice that the ¥ sectors are not actually boundary sectors between two systems
but from the remote unit perspective the action taken is the same. As the
remote unit travels into base station Bja from an abutting coverage area
35 within system S; at frequency f;, soft handoff is used to establish
communication with sector o of base station B, and soft or softer handoff to
transfer the connection to sector P of base station Bjs. Soft handoff is then
used to transfer the connection to sector 7 of base station B;g which is marked
as a boundary base station. As soon as sector v of base station Bip becomes the
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In such a case, either all, some, or none of the remote units traveling from
base station Bjp to base station B;s may transition from frequency f, to
frequency f;.

25 A second very different method of dealing with point to point
microwave links or other areas where a piece of spectrum needs to be cleared
is illustrated in FIG. 16. In FIG. 16 a "Cone of Silence" is constructed around
point to point microwave link 140 as shown by beams 364 and 366. The cone
of silence is a pilot signal that acts as a reference signal to the remote units that

30 detect itt When a remote unit reports the detection a pilot signal
corresponding to the cone of silence, the system controller knows the pilot
signal is a cone of silence indication rather than a viable candidate pilot signal.
The systemn controller uses receipt of the pilot signal corresponding to the
cone of silence as a stimulus to initiate a hard handoff. Typically the handoff

35 performed is a intrasystem CDMA to CDMA different frequency handoff
although other types of handoff may be performed.

An interesting aspect of the cone of silence is that the cone of silence
pilot signal is unassociated with any base station in particular. Typically the
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suppl i es a20 anpéint t6 ipohd micoWaveC®k. Ao 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.
- The microwave link may be bidirectional and as such operation of the

link may require two CDMA frequency channels. In one embodiment, two

25 CDMA reverse link channels are cleared to accommodate the point to point
microwave link. Two different forward link cone of silence pilot signals are
transmitted in the cone of silence coverage area corresponding to each of the
two reverse link channels cleared for the point to point microwave link. In
this way the two pilot signals can overlay the point to point microwave link:

30 coverage area without interfering with the actual communication between
the two directional antennas due to the frequency diversity.

In yet a third embodiment, the pilot signal may be able to co-exist at the

same frequency with the point to point microwave link without causing a
significant amount of interference to the point to point microwave link. The

35 CDMA pilot signal is a broad band, low power, spread spectrum signal. This
type of signal is perceived as simple Gaussian noise to other types of
communication systems. The inherent CDMA signal properties make it
uniquely able to co-exist with other communication systems without
inducing significant interference.
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transmtted byctivh enba talkén okt by deterniiied Byothel members of the Active and
Candidate sets. Additionally, the action to be taken could be based on the
perceived PN offset of the cone of silence pilot signal. Also, it may be
25 advantageous to postpone the action to be taken until the signal strength of
the cone of silence pilot signal exceeds a second higher threshold. Because the
cone of silence pilot signal is providing so little information, the same pilot
signal offset may be used throughout the system to protect a plurality of
different point to point microwave links. In FIG. 16, all of beams 364 and 366
30 may operate at the same or at four different PN offsets.
If the distance between the two point to point microwave link antennas
‘becomes to long. It may be necessary to use a repeater to extend the coverage
of the pilot signal. A method and apparatus for providing a repeater in a
CDMA system is detailed in co-pending U.S. Patent application No. 08/522,469
35  entitted "Same Frequency, Time-Division-Duplex Repeater” filed
August 31, 1995 and assigned to the assignee of the present invention.
Alternatively, a series of antennas providing the same or different
offset pilot sequences can be installed along the path of the microwave length
to more narrowly and precisely and reliable define the cone of silence area.
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An especi ally advant agetjul“l“H“I"l“" I‘Iﬂ”!! may be achi eved by using a
separate signal path in conjcuncti®n sMt$h a distinct antenna. In this case,
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transmitt ed W9¥44R70 di stinct antenngea different PN oPFE@EIVAEIT t he PN
offset nomnally assigned to 5 transmtter 330. In this way, the base
station executes a softer handoff when the renote unit enters the
coverage area of the distinct antennaCIAEMSe of a di stinct PN
offset is useful in identifying when the rempte unit is located in

the hard handoff region. The enbodi nents above can be inplenented with a
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The del et eri ous ects of fadi ng c be further controAsﬁd to a certain 20
extent in a COVA SRESBHPEyat 83, T“’F%‘i‘@eﬁaél%‘matr trip pdglay) of \an cartive
decr easelOt heopunenicatiore signdl bytwden sagdnfirst hase istatiopnarichsailaemoté amiton can
be corrpensamsﬁah byt g&iarfe@ﬁategumea YL phbb & B3 to?ga ﬁ;cﬂott hﬁgﬁ&&se

station g 4 Pover contr gctlonoera es in accor

time condfantreceived frop.a frsk qan b‘#‘? 85§ $ABONonst ant of the power control
| oop and t he | engtrépartingsby Samlmembteauhadm satidh dirstymiobite newitddng erensdreviaor
the fadejhy 'sﬁf&ﬁ%‘ibﬁ&étéﬁ&?% flI‘St has@%ét Qhd the base station. The

nom nal power |eve n to rmte

ansmtte tati
unit could be inc F@&E{?&’ é‘rsrte‘HB}tP’ée ﬁh’“’l‘hmé; ‘ﬁ‘ter a Ca“&#é‘t‘r é@'r"é
which a hérd d&la}dbétf/venawahbrqmoﬁemmmndﬁ@ad firstheandidete dase stationrbased iom need
of i ncreased qapyvfst pRHsCofpset iafl@MNaid rGihd ftﬂg Pt &aid RRAGE cBhhBRi3Rior OUNd
trip delﬁ or.. b report of a pilot signal exceéding a threshold. By only
I ncreasi é Wwer transmitted to those renpte units in need, the net
anount of transmtted power is-reduced thus reducing the total interference

in the system 2 The methét$ diQAAth 2FaMbet 'Eo lsikﬂiftl‘lé)gte M"tl%hgimﬁmgone
si tuation | n

f f

Sl tuati onZi o Sfcrel ofpid BR el 87 B85 fins"% Btminion abe <sREhs, Whelsin cn
it operates vﬁach ioh saiddfinst)bet afybase statibps transmitsesaidwommencpilet segudoéd atay
be made t@ avg fHenBAREUHARAA dffdR. a point to

3. The method of claim 2 wherein said step of calculating said
2 candidate round trip delay is computed as

4 RTDcan1 = RTDyef + 2*(PilotPhaseyn; - ChannelOffsete,,q1 * Piloting)
6 where:
RTDcani = said candidate round trip delay;
8 RTDyes = said round trip delay of said active communication signal;
PilotPhasec,y,; = said first phase offset; and
10 ChannelOffsetean1 *  Pilotine = an  identifying channel offset

corresponding to said first candidate base station.

4. The method of claim 1 wherein said first candidate base station is
2 controlled by said first mobile switching center.



poi nt m crowave |inks ' t I CO-exi stence with the CDVA
conmuni cati on system or Hm;!mmmm | traffic channel signals to a
M s *

single WD *97/c449 41

PCT/ US97/ 08677 frequency so that a CDVA-to-CDVA differ ncy
handof f can oc®f¥74¢o7 t he boundary of t4% system In Fl Gﬁtglfm%%w?to
point mcrowave |ink 140 is - shown between directional mcrowave

antenna 130 and directjonal .. . I.crowave antenna 135. Because directignal
ni crowave antenna 1 iﬁﬁ mSthodo‘P{rn%lE’chn&ﬁ‘eﬁ?@r wﬁvésaﬁeﬁﬁafelb@eaﬁtéhw dhly
di rectional ,2 potartrélieddoy Bdid second fiobile wanitthingenté0 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 w thout
interference with pd-nTheanethod:ofnelaimskwhereinksaidfirst candidate base) statior is

teX anpl et ?f dtzhte porateitede By eﬂihcuébm&nouilégs% i&ﬂedtrSanaf quafpi%otbﬂgﬂat from
ransnmtted a G, enci.es. an eretfore t. ol nt-t0-poin
i nk which int e%ggﬁé@%ﬁg&%aﬁlgﬁ %%n %%RP IS EeLFFate yiafp).f'c? bgF%O& Bxbig’r ates at a

m crowave frequency. The point-to-point link in the nost general

enbodi ment may oper ay eTRE heMOHCHCER B Widheit sdif¥ist CRMIdRROBAIRREER 1L Y
desi gnat ed 2 m crom%g fre uenc%gs. lF s Al t ho%gh Al he.ltec,hnl ques
previ ousl y descFPHE Py saidsegond, mohile switching center andssaid pilgt signalaHom ¢
typical ly the i saiddirylstandidete basesstatidrf ishgenerated by a pilut\beatagenibver t he

i ntersystem hard handoffs in that the two base stations bet ween whi ch
handoff is to be conpl gt ed e,confrol) ed by the sane control l er.
FIG 11 i1l ustrates Sn ke msthed i"géfa&‘arif F‘b‘ﬂ?%ﬁ’&ii’ff%?gﬂ?%WH? Hg' a 20 CDVA
to CDVA diffZrent frsiquiagmat shishenidteumih@ list sif raghioe rhase istations ofceprising an
base station. B . : S e} e B.np{y L WO .
di recti onal & gg‘@@@éﬁﬁ%g‘{@ﬁ%%@ ’[ e?‘?’?tha‘tr’]vggé[hegﬁrﬁe {(E]TL asé&st%(ﬁ?il(s)n
Blerr]; sect‘brse‘fté lt‘ﬁ d [err] operate at frequency f1. In base
station B[err] sect osterihgratjsamiwiniate rynibpdisttof cahdidats basecstatiGns Bomprising
base stati ong B[ gh! len&Yd &RABpehdinkONoBlich ] Est3tin O'IR &irgheCWI'g&?‘l active
sector, [err], 25 operating at di f{b?r nt _re%uenc it ha th‘g |,reﬁt|o?al
sectors in that ChREMNIcation Shay; B¢, Pqss %jﬁﬁp}f’e," F nestaRlished Jeand ,said o sty o
sect or [ err]8 opeandidatediasé statjonsibys 412 entryl for said first daadidate bhasecstafBprgrand
sector [err] oper at egoRhgldtQAERENOt lunit a list of nejghbor Basd 3talidhs &OH which

hand-down ryule. The. omi di r.ecti.onal sector err|[are
ILB salgehst r(T;'chanc{lgate base stations ?s C ogen.

9. The method of claim 8 further comprising the step of:
2 measuring at said remote unit a power level of a pilot signal
corresponding to a first entry on said list of neighbor base stations and if said
4  power level exceeds an add threshold said first entry on said list of neighbor

base stations is added to said list of candidate base stations; and
6 wherein if said remote unit is communicating with one of a first border
set of base stations controlled by said first mobile switching center, each of said
8  first border set of base stations having a coverage area that abuts a coverage
area corresponding to a base station controlled by said second mobile
10  switching center, said remote unit has a lower value of said add threshold
than other remote units communicating with at least one base station of said

12 first set of base stations.

10. The method of claim 8 further comprising the step of:
2 measuring by said remote unit a power level of said first base station
and if said power level is less than a drop threshold an entry on said list of
4  active base stations corresponding to said first base station is removed; and



mar ked as boundar_ ﬁﬂorswtharond trip delay threshold of O neaning

30 that if eitherl "ﬂgm tors is the only base station in the
Active Set, a ,ml ately triggered no matter what the
round trip delay is. NBt i & at the [err] sectors are not actually
boundary seov@PE44BWt wveen two systems 48 but fromthe re®CTAISHMISE?T
perspective the action taken is the sane. As the renote unit travels
into base station BIA froman abutting coverage area 3 5 wthin system

S1 at frequency fwhemid if saichderhbte anit i€ dombuniesti Wixﬂhone of a firsibowdieg at i on

W th sector gQff HaasQafibAl &&ﬁrﬁ{eﬁrt{)} sa,?rffﬂ? ERbbIE iR ﬁp %I&S.&fo aid
transfer the coq’n(lggtlon sect or ase erf %
handoff is tfEHbo rseag Rasestefions havinga %ﬁ?ﬂ&?t i“@ﬁ “that sbutsr CP¥RTARE of

base st at8 onafhetodrespoinding Stomar basé station a;%n&oll@dml!?r ¥aida86conda ihBBile AS

33?2 4‘3? OSECt -Q&it[:l%ﬁé]cemerp St ri}n%tté %P ng ra] lol%r%gova ue (;}e said drB&fPEﬁé‘\é\f‘é 8677

only nendbr 8 pthepsempte gaits corpmuaicatingo Withf ableasteone of [said firstfsebafe
station Bhrdtitidr@. sector [err] of base station Blerr] is made.

Note that this configuration also introduces spatial hysteresis in that
once operation has been transferred to frequency f2, operation is not 5
transferred back 1o Th%mﬁémofglaunlﬁe@gthdmzomﬂmstepmfners t he coverage

area of sgpctor [emehsiftfn assalatrah{dw Blier o‘tver SNt béjé
becone t he onl sh 0| ce of

Act.l ve so.n t
usi ng three a?¥f’£rsé’ﬁ't power l§¥?,]t d§§le§se§tp§1 i%h dl"Pié ‘Eﬁh“%a{m’ er than a
mul t i - sect or predetersniped tanopentapé timeypan setkyodn said lishpéacties bases stabidns

therefore avabﬂraéyoﬁdhegsﬁa sﬁlatﬁrmaﬂsg%mm% rbd 6@ dng supports 10 three
sectors. As such § g drs]lﬁg hree sectors nmakes ract cal sense.
course, & greater% Frq“és’ i ge BptsisnoFAMBEYNIgR She Of 2 st
There are twbonieffserafrhase gtations cosirolled byssid ﬁlrsmknobltlemtthmg center, each
configuragi ogf GRA MGt bofder s-g?%f%gé IsEhid @E'Rﬂnﬂ% &l gié%eca?t@a Qﬁaf’%ﬁqtsaﬁ a

| ocation where all traffic nmust chan uenci es suc({] ﬁase
stations 15 SOYT2HIERSPIredRo ‘e’t%f’g’ﬁ"’%hta PBcPtrgl) §‘?§°f‘a gbHey f2

and basel @t aswitgbingocentes, said remdtghunibhabadengemvabie Bf said) ptiadesetnuhedlse
frequency flamduntUstimeCRa® ofler FeRiBikCunits com‘l‘ﬁ‘ﬁﬁﬁaﬁﬂ ewithOatoR8stSbHe and

t th th t |
i ternalbe brattarof Bl Bdial oL AERRIARE 1 gnt of base  station

B[err] use only frequency f[err] such as for exanpl e because a m crowave 20
link prohibits the ufge eﬁethbaqyfeamnfilfﬁﬂh&h@bn?r&ﬁ\ g HRYRYS of Eﬁ&%n%t gtions

E)? freque 2; n%g ethxre%flenlg%gne ol Ar%haBllnfofE Lta?g gy &he c%%r%lu}ucagxon otrol Y f1

unit in said first mobile switching center wherein said measurement directed
4  hard handoff state enables said step of calculating.

13. The method of claim 12 wherein said active communication
2  control unit is a selector.

14. The method of claim 12 wherein a first border set of base stations
2  controlled by said first mobile switching center each have a coverage area that
abuts a coverage area corresponding to a base station controlled by said second
4  mobile switching center further comprising the steps of:
storing at said remote unit a list of active base stations comprising an
6 entry corresponding to each base station with which active communication is
established; and
8 executing the step of entering said measurement directed hard handoff
state only when said list of active base stations comprises an entry
10  corresponding to one of said first border set of base stations.



In none of the rempte units traveling
from mlmﬂmﬂllﬂ 'I r] to base station B[err] may transition from
frequency f ncy f1. 25 A second very different

met hod of deal i ng wi t h p0| nt to point m crowave |inks or_other areas
where a piece V¥ E‘b‘%’trum needs to be cl ead@d i s illus®CIUSYA8677) G,
16. In FIG 16 a "Cone of Silence" is constructed around point to
poi nt mcrowave |ink 140 as shown by beans 364 and 366. The cone of

silence is a pilot signal that acts as a reference signal to the renote
units that 30 det &t Thé .methb&rof dain® MR2LwWwhewdin arﬁﬂwbbﬁdér%t HFtHRASE isitiord

i [ f th
Do 71 90% . e SAL 7 R e SR SoE R e B3 by e
rather than a @#butsl aecwamﬂemecaneswndnrwm a base statiorh eontyellednbysaid sdcond

uses recei p4 OimdHiR fWikding t&ﬁt@i f&ﬂﬁé:e&ﬁﬁﬁﬁblﬂg th@siéib@ of: cone of silence
as astlrrulustomltlatea ?andoff T‘%/&?cg andof f 35,
€

performed is a intr@ e }F FomBsising an
al t hough otéer engrp@mispm:igm eactybire statidrowithd which actlve comminnication is
i nteresting aspg@blisfedt BRgcone of silence is that the cone of silence

ilot signal is unassoCi.ated with an ase station in particular. Typicall
F he g WO o9¥esiting the step of en er?ng said measuremenFt) directed hard hgredoff y

PCT/ US97/ 08677 state onlycwhen ofackientrycen saidblistsofgautivei Isasg aeaticaisecorbyspongi | tot

beacon uni { g colhaCelsElordet Bet of agéétﬁ onal m crowave ant ennas 13 and 135.
There are two different cone ofb ence topol ogi es which can be used.

In the first topol ogy shown in FIG 16, beans 364 and 366 are actually
narrow transm ssi onlbaiiie methodi ofgclainh HRrwhereirs iadfirso bopdirniet iof Hageé Btations

m crowave |4$nk c&ﬁgo%%ﬁ‘gg Q%i,fdsﬁzﬁp%b IQ%W&Q\Y@ @%M@r éaﬂ:h have 3 lch/exjaée al;ga g::eat360

and 362 define 0 ransim s
area. In FIG PPUSigeovsragsares 5‘1‘&?5 E’é&ba hpsestation ﬁ‘éﬁ“ﬁ?llﬂ) bi!l'@?%ﬁ second
m crowave |4 nk metGlecawitchang cemten hathera¢dryprivieg| thy stdps ofame regi on.

Typi cal | b
/St net 11 gm the. 18 rn S SROAEEACHORAE o DY 4ol o ARG BB RS s B
by the sane®anBfT4ry corresponding %‘?‘g\%%ﬂﬁé Sé?"b‘ﬁ‘a}”’thaw&i‘#‘f Wt C%’cnq“éf@#?ﬂc al

antenna or an anestablished; anddefining a slightly broader coverage area than

said mcrowgve ant e@%utm (If of ehltéridd s?fd[ ﬁlggﬁlrgﬁyenéndlﬁc&d i\? 3!13'38

advant age that the c ne o ce
the point to p&tg° YCWS'\%\F@‘ ishofigtive asf&‘tatf% FRIMRTisesH 2 bngle ‘Fﬁ"t‘:‘f éﬂdve

| i nk oper al@s saidtdimgls antryfooegsporids tasortesf saixhfirst border set of base stations.

17. The method of claim 12 further comprising the step of accessing by

2 said active communication control unit a measurement directed hard handoff

table to determine a location of said remote unit based on said round trip

4  delay corresponding to said first active communication signal and said
candidate round trip delay.

18. The method of claim 12 further comprising the step of accessing by

2  said active communication control unit a measurement directed hard handoff
table to determine, based on said round trip delay corresponding to said first

4  active communication signal and said candidate round trip delay, whether the

location of said remote unit corresponds to an area where a handoff is
6 desirable.

19. The method of claim 18 wherein said measurement directed hard

2 handoff table comprises an entry designating a type of action that should be
taken based on a location of said remote unit.



of silence pil rst topology has the disadvantage that if
t he r enot Elllﬂlﬂmmllklmmﬂough the cone of silence pilot signal beans
wi t hout detect 1 ng trhessi gnal s and without changing frequency, the

connection nma dropped or the connection may conti nue and produce

i nt erferencewg(ﬁ"i’i’fb 20 point to point 50 crowave |ink. ARFUSPTTer s

applied to the renote unit while it is |located within beans 364 and
366 the renote unit will be unable to detect the pilot signals and may
cause interference to the m crowave |ink. The m crowave |ink may

be bidirectional 20d e metddopEélaich A9 Wheldh® said pbldllﬁcﬁaa th&0sHd3d tHeo

CDVA f h |
channel 21 o BKELALE TpBaal B eridl A6, BRg statiory 8’?%‘3? i CommiERERE it | i
Two differ entsaid)rem‘m unit kusing) codé divisioncmultiplet a@mﬂwao do said second

transmttgd iyash Rt Spdthtink WBRGLak AYRHRAR AhBaukRbhasAllbge to each of
t he t wo rgverse In&%k ch%nngfgg cl eared feor tﬁe poi nt tob%gi nt m crowave
link. In this way the two pilot signals can overlay the point to point

m crowave |ink 3021. cThermgthoak @f clainino2( winreinf saidigltetridtiviehenadiilazgion
conmuni cabi O | ant ennas due to the
b Qe&%df@ff' is frequ&bﬁ ltn\‘}ﬂu ti{oﬁéﬁ’%\ﬁ?r q

frequency diversit enbodi nent, the pilot signal
may be able to co-exist at the sanme frequency with t he poi nt to point

microwave |ink w 23ouTheamettvgl @f claim s2@wWhérein isaRkhalteinAivel MedaRtRACE t O
the pointayto tB&l‘rﬂ}lo ¢ ANRVE \Aél&}l(m\ﬁ §Fe ;Cfﬁss iot signal is a broad.

band, Iow power, ead spec rum sign ype of signal is
percei ved as si rrpl e Gaussian noise to other types of comuni cati on

systens. The i nher8ntTHeRiMAtiRidgohtlajih O%ewhefin BakEtyipe of actionthausihonldbe t o
co- exi Sty N QLRGY , SAREYR’ Akl SACHA: BlBe WabdRUbnich is LASHSLAGAET] cant

i nterference.
PCT/ US97/ 08677t frequency with saichgerapterunit asing GEBMA: ipcsaish serond pase station

m crowavedl i donfmuaitatiig@da second BRqiuAdy gsiagiCdMAan the di stance between
a typical base station and the edge of the coverage area which it
defines. Therefore the delay at which the renote unit perceives the

cone of silence piddotT Psq@ﬁﬁw%ahclegns19gwhslr%rﬁmcyt}mrgié\ctlpnathat shouldpe
del ay typRcal takemss advAaaﬁeff friotrd saidcfitst Hagé sBitivhewhids is uadﬁmumcan&yg ba a

th
Cot Cor Y !k RaBBRG Wigt? safi il Shir iR CDRA 36 Y AR 30 BRI, O
in the coffe o‘f"mm“‘“"sﬁ*!“@nd'é“ |?‘B3 empig| Upk wsing &an @HSMmative ﬁb?ﬁﬁi/atﬁ’f‘? set
bet ween pi | otteshnslagg.

25. The method. of claim 19 wherein said type of action that should be
2  taken is a handoff from said first base station which is communicating at a
first frequency with said remote unit using CDMA to said first base station
4 communicating at a second frequency using CDMA.
26. The method of claim 1 wherein said active communication signal
2 is comprised of a set of multipath signals each having a different delay and
wherein said round trip delay of said active communication signal is the
4 round trip delay corresponding to the earliest arriving multipath signal of
said set of multipath signals.

27. The method of claim 18 wherein said step of accessing is executed
2  when said round trip delay of said active communication signal changes by a

predetermined amount.

28. The method of claim 18 wherein said step of accessing is executed



causi ng the perceive fset to be mapped to the next
consecutive 10 pi | ﬂ Imﬂlam Hi' This type of operation is typically
not a probl em because*a ¢ ny PIsC system uses only every seventh or

eighth PN offset.. The set of offsets at which the cone of silence

pi [ot signals WP8"8Mect ed nay be added to5the nei ghbor F&E{USSY086T ¢
the renote unit searches for these signals in the sane manner that it
searches for the other neighbor list entries. Upon det ection of
the cone of Zsi [VErNEVver paid Sg‘f}?gﬁfaﬁepph@‘&blflséﬂ tem@tnumt is rgpgadedls on t he base
stations with which active cormunl cati on I s established. Because the

ne of silenc t rse naR ase stati.on
Cover aon areas. ¢ no2ob Ih8 mlaor i1 RIEESE ERIACHRP Somiinidttion sienil as
to the 2| odapispaeast Slwcér%rﬁéw Lmhtchons spreach byi opseutarandenisnoise HEN)

taken. The bas eseqaencessrai mrandséxaqmaa%;s Aelly 61 shidng@ive eHRIMhEnREHBRIC
i s based on,the Active 'Set at the tine the pilot signal

i s percei ved. ﬂg@l%@easuread&l’llﬁﬁﬁ{% be taken coul d be deternined by the
menbers of the Active and Candi date sets. Additionally, the action to

lS):al 2 ﬁ(‘ig“pf."”{d bengleﬁeerher&nm@d of clanﬁ@%\é 32’%2 gggés csimmgitc&g&gsg al
action to bg tdﬁgrﬁpﬁ?ﬁ quqt,gxng,s&géql ‘é”c"r‘g‘n&t’i‘i’rﬁgi’yaps‘% g o¥‘°’§?l@’ﬁ\9e
pi l ot si gnal eﬁequﬁmeaambmdmulelku gmdrrcmlnﬂe&ﬁpldéla f anidleadtive commusivacionf
i gnal of s ?ﬁﬁ *J‘ESWE T chifbs; ol e RGBSR oGt BEaRlrp iy
di fferent point ";Paffm Aal rféﬁalﬂe‘ﬂ‘?‘rk‘sdmm delay is mas'a!eri ipf Tﬁéhw 364 and
366 30 may operate at the same or at four different PN of fsets.

I'f the distance bet ‘Q?eﬁ'l\%r}ﬁeﬁ'lwa mlﬁﬁn tlQNlPé}Eﬂ\t sm%r?ty\ﬁélsg sutm% agﬁf%ngﬁrst '

becones to &on It ma e necessary

cover age cgrerage 3}5?4 ghd syhgrgin Sﬂ rﬁé@hswqme afﬂ?a?%t{i@tsf tﬂ sies wheg a
repeater in a the nuGbhA ofy sémotel uindletcmmdnicatiag- peitkli sigd Ufifst Badeeslation
applicati on4No.m91|%ég2 469 35  entitled "Sane Frequency, _

Ti me- Di vi si on-Du Repeater” filed August 31, 1995 and assi gned
to the assignee of the present invention. Al ternatively, a
series of antennas pBRoUhdimethbbeofselaim dr futtidradomprising the Gtdis6f dpploging at

Se?geggffos\?n hgid ﬂfsg glkésegs?aﬁ&pﬁ 9a§ gﬁﬁ Br thfnhef\.{?é:ﬁég‘r’]‘fewo Taiag'ﬁqgg% éo?rraergt 0
VI'T\I():) 97/ 44970 y q( J:Doverage al%a to a rever& mi coverage area. PCT/ US97/ 08677'

Many of the concepts of the present invention can be conbi ned. For
33. The method of claim 1 wherein a first border set of base stations
2 controlled by said first mobile switching center each have a coverage area that
abuts a coverage area corresponding to a base station controlled by said second
4  mobile switching center, further comprising the step of deploying at said first
base station, if said first base station is one of said first border set Iof base
6 stations, a border base station breathing function for balancing a forward link
coverage area to a reverse link coverage area which is different from a base
8  station breathing function deployed by other base stations of said first set of
base stations.

34. In a communications network in which a network user

2  communicates through a remote unit with another user via at least one base
station, said network including first and second mobile switching centers for

4  respectively controlling communications through a first set of base stations
including a first base station and through a second set of base stations

6 including a second base station, a method for directing communications
between said remote unit and said first and second base stations comprising



exanpl e the det wn rul es can be used in conjunction with
physi cal covera ;!lm qu ﬂ g I ons which provide both intrasystem and

i nter syst em spat'i e rules can also be conbined with other 5
net wor k pl anni ng confi gurati ons to provide maxi num benefit such as the

use of CDVAWQY7 different frequency spandoff. The par anBEHUSINIBETIN
control the soft handoff process may be augnented to increase the nunber of
menbers of the Candi date and Active Sets. Base station breathing may al so
augnent e® THe stepsoefe unit neasurenent directed hard handoff concept 10

can be conbined Wnefsuhgs ia¢ BhidC YS! Bake ﬁéﬁ&\ ‘%P‘B&hﬁd” GEI% ffalﬂbQEﬁ%/é de

both in system and i nt atl stersis. e conbi ned
Wt ot MG hERTBR e e PSRRI A [Babbass SRR ARd Sal FRAPYSCHRIF:

such as the use oint@ihM &2 onGid\itemient edieedted rlmdehaydhﬁndtaié by an active The
pr evi 0u3 eS@id fhiahtioh édﬁ?ro@h%ﬁﬁoﬁﬁt‘eéd‘%ﬁtk‘%fh obfle BvA¢hHR cdritert Angenab! @

any person skilled In, EY use e pre
The various nodi chggﬁs}% paid; artive %W’Pé‘ \féPP'Frobé‘mEeﬁjM%?S&ﬁWBht to
t hose sKidl | edirected Hardrhanduifl tible tgedetelrmlm ibsed| os sded iroafdheripi delapy be

lied : e
Thos °¢ t° °{a&"3‘éss’ RRAEE fFEa athe WitV doRalifalibn bikha) WEhER 3 Jo ?%t?qrh
enbodi mdft s s%d I‘gﬁ'@&muwé cergspandsite anarga Vélﬁl,'@ adwndofiis\deg isables cope

consistent with the princi pl es and novel features disclosed herein.

\Qg%ég% 08677 35. TN melhSH'3f Qaim 34 fruther comprising the mﬁ?/éransmitting

1. In a onmirart sechnatsaid fitet setjof baps statiany atcpoonspilot sequenne wiereis

through a r eeathebflsaid fivdt tsbt GfNbdsB Gtatithe! trithsini®d shidATmMda pﬂéﬁsequencéta@t I on,
sai d . netyork, | % ﬁH}%n rst d second nmobil e switching centers for
respectively con ro g co ?catlons through a first set of base
stations including a first base station and through a second set of

base stations 6 36)CITk¥ ﬁﬂethoaeﬁﬂr&hlhﬁsai SihRlréiAN said HABAVO bR uHibHG6h N
communi caztlogghtml umpgstﬁ By 1al d renote unit and said first and second base
stations conprising eps of: measuring at said first
base station a round trip deI ay of an active

37. The method of claim 34 wherein said measurement directed hard
2 handoff table comprises an entry specifying a type of action that should be
taken based on said location of said remote unit.

38. The method of claim 37 wherein said type of action that should be
2  taken is a handoff from said first base station which is communicating with
said remote unit using code division multiple access (CDMA) to said second

4  base station operating using an alternative modulation technology.

39. The method of claim 38 wherein said alternative modulation
2 technology is frequency modulation (FM.)

40. The method of claim 38 wherein said alternative modulation
2 technology is time division multiple access (TDMA.)

41. The method of claim 37 wherein said type of action that should be
2 taken is a handoff from said first base station which is communicating at a
first frequency with said remote unit using CDMA to said second base station

4  communicating at a second frequency using CDMA.

42. The method of claim 37 wherein said type of action that should be
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10 conmuni cati on §jf id first base station and said renote
unit; meﬂmmmurmmui enote unit a first phase offset of a
pil ot signal 12 retei Ved- f momsa rst candidate base s':]at i on; 14
reporting by said renpte unit to said first nobile switching center via
said first bas¥O3t4bn said first phase ofBset; and  PCIAISEUNRETA ng
at said first nobile swtching center a candidate round trip 16b dgl ay
between said renpte unit and said first candidate base station based on
said first Phadaes issthandeff foem saidfirst base stetioy whichalsdromemionicating at a
conmmuni cation ¥irt fregtieticy with said remote it @i UIDfW‘AOfo %i_é"ﬁ‘if[sﬂ baitr,hr étiaﬁggse
conprisin he L ansid tn rom.each of sai I [.St se .

st g}[:) i ons g Iéom%%ﬁg‘llﬁ%? &{s‘gq&[eﬁnhcesabﬁ&%io&e unit uAng a2y alg%fF‘E&Y?rgfo%‘glFt‘BP

base stations tPEHYAPE said conmon pilot sequence at 4 an identifying
channel offset. 3. The method of claim2 wherein said step of

| cul ati id 2 | dat Lri el ay is .conputed,as 4
RDLer ] RTOL err] 45 3PESFBPRIEISOAEn (3 Wheskin ARHYPEE! peien thatishasid the)
6 where: 2 taken fgTDhanddff fremi shid Hfivdt Baseestation dvhichpisd®inaunidating at a
RT = I g Lowilg! rr}%?é ' g@mn' cal:l . al.. ..
Pi PE)'? H]!ase[ ;rmr ?uilogfg?%é{t rst p%gds% sg{r;ﬁ.p;dr? to %Carnﬂﬁgp%bf ‘Lét,gflf)gr r]

*  PilotlncT =CognuRgatng ata ﬁ@‘on%cﬁé‘b‘t‘%}cy wiagEDMA.  corresponding to

said first candi date base stati on. 4. The nmethod of claim1l

wherein said first gandhd3anbade it 3L WilsteinZaf@alid LotoRtnizfich fdigsh
gDCT; us97/ 08 77?8 comprised of g setrgf, mpltipath signalsieash havingeh diffarent fdelay and

candi dat e base whereirosaidsrovhd tripndelay |ofdsaiy avdilve conengidaelinl @ignal tis 'hag
center. 4 round trip delay corresponding to the earliest arriving multipath signal of
said set of multipath signals.

45. The method of claim 34 further comprising said step of executing
2 said step of accessing when said round trip delay of said active
communication signal changes by a predetermined amount.

46. A communications network comprising:
2 a remote unit through which a network user communicates with
another user via at least one base station wherein said remote unit measures a
4 first phase offset of a pilot signal received from a candidate base station;
a first set of base stations including a first base station wherein said first

6  Dbase station measures a round trip delay of an active communication signal
between said first base station and said remote unit; and

8 a first mobile switching center for controlling communications through

said first set of base stations wherein said first mobile switching center

10  receives a message from said remote unit comprising said first phase offset

and receives said round trip delay of said active communication signal from

12 said first base station and calculates a candidate round trip delay between said
remote unit and said first candidate base station therefrom.

47. The apparatus of claim 46 further comprising:
2 a second set of base stations including a second base station; and

a second mobile switching center for controlling communications
4  through said second set of base stations.



6. The netho f ' ein said first candi date base station is 2
controlled b m l,Emu) ile swtching center and said pilot signal
nal

from saitl férst aa ale base station is generated by a pilot beacon
unit. 7. The nethod of claim3 wherein said first candi date
base stati ofW@8744278 control |l ed by said ggcond nobil e swi t SETAGIEBAT?er and
said pilot signal from said first candi date base station is generated
by a pilot beacon unit. 8. The method of claim1l further

conpri sing the stdfs The: apparatus of claimt4fr whgrein eadhd of esaint éirstnset of baset of
0 b : 207 : . )
active bage %\Iﬁdg& rarsfii3'd Eblﬂﬂuﬁ{]g}[lot seqﬁghﬁ%aﬁ@;vgﬁgﬂb%ﬁ? ;@hgg ;of SaiR¥ae Base

station wth active conmmyni catl on . . L
storing at s&fdpasgrasetionstrangmitss saids commpny apot, sequencst aban idemtyiseng 6
an entry4 cehamn¢lasftieng to each base station through which active
communi cati on may be possible but is not established and said Iist of 8
candi date base stations has an entry for said first candidate base station;
and s#9r i Fep #ppatatus Mr%@@ A% whereinssaids firgsi miebile switehing
stati ons fr orpetifer ehicdlates said éﬂdiaateqi)uﬁamﬁpdﬁE@ hnase stations is chosen.

9. The method of claim@8 further conprising the step of: 2

measuringqat said renRTP 4N = REDRPWER (PifotPhadil, 3 -[ChanefDESA L, * Pilotinc)
corresponding to a first entry on said |ist of nei ghbor base stati ons ‘and
if said § wrMRr |evel exceeds an add threshold said first entry on said
l'i st of neighbor base, st at.i,ons is.added.to said |ist of candidate base
stations; and 6RTD°=“1"S%§?’§#1H3 efroggflgnp % unit is communicating with
one of a Birst bBI&kg = said reund dfipistelay ef said @antive cotnmuinicatidaysigaakl fir st
nobi | e swi t chi NgpRBHiHRke.,aC Sail fir8Bhkhse Dffsef: hhdt border set of base
stations Rhavi ng covergge, area,t buts a coverage . rea
correspoﬁai ng to aﬁﬁéﬁ&e&wﬂon*c ‘?tgfq ef b?“sa?‘i?‘ggx% ﬁsﬁ?’i“é 1Gffset

swi t chi ng cenoerespemxdidg te saidcfinshcandidatebasesmtional ue of sai d add threshol d
than other renote units comrunicating with at | east one base station of

said 12 first s base st at jans. . .4 e d0. Th thod of claim
8 further conpri Sshg%\ﬁépgggaéu%pfaagn%whemm ?ﬁigéﬂ‘?ﬂ ‘f‘i‘é“’b@“g%ﬁe %@mt‘? uni t
a power | @velcontrolled dyfsaid firssanebide switdning centeaind i f said power level is

| ess than a drop threshold an entry on said list of 4 active base

stations correspo %ql %eta%p%?alltgs foi‘ {:lggm Qla/svehgrte%{ said first cra%@&ﬁg ;bagen&ation is

2 controlled by said second mobile switching center.

52. The apparatus of claim 47 wherein said first candidate base station is
2  controlled by said second mobile switching center and said pilot signal from
said first candidate base station is generated by a pilot beacon unit.

53. The apparatus of claim 47:
2 wherein said remote unit stores a list of active base stations comprising
an entry corresponding to each base station with which active communication
4 s established;
wherein said remote unit stores a list of candidate base stations
6 comprising an entry corresponding to each base station through which active
communication may be possible but is not established and said list of
8 candidate base stations has an entry for said candidate base station; and
wherein said remote unit stores a list of neighbor base stations from
10 which said list of candidate base stations is chosen.

54. The apparatus of claim 53:
2 wherein said remote unit measures a power level of a pilot signal



V\V\)}?e?y ﬁ4lgf708al d remlﬂﬂmml"luﬂwmﬂl cating with one of a fi thT/ gg?g{e(r)%g?
set of base stations Confrotldd By said first nobile switching center, each

of said first border set of base stations having a cov that
abuts a cover Y& area corresponding t56 a base station e%%ﬂﬁ?’?ﬁ@ﬁ
sai d second nobil e swtching center, said renpote unit has a | ower

val ue of said drop threshold 10 than other renmpte units communicating
with at |east @nweespendigdors fisst entny ep said listipfqieighboribasg stations and if said 1
The net hod 4of powenieel extdeds an cidd theest@ld Haidsfiep eﬁh‘y or? said list of neighbot ng

at said renot e t and | f

sai d power | e\?% SEatFOélggg\?%%‘lhf%aé Aggcgixsfﬂ’r esﬁﬁ Sé'f) tﬁ;r%f !“tQ an

pr edet er m fed armunvhewem ifrgaid wmemwt %cwwtngom ne ef @&5&* barger ons
correspondi Ng e of dage tatichs EorEpIREDY siid |f§'str xﬁBBH@ﬁimt&ﬁiﬂ center, each offagt ei n

f d t t t d t
RGO Y AN
of said first aweadeerresponding)docasbagei statiohacontrolied obyr sajd secondt hnobﬂbut S

2ec ond ﬁg\gﬂ Zgﬁwﬁéﬁi Céég\"tfis Bﬁ’iﬁd%étﬁg?&ouﬁit DRsiCa 36WEE AN gg rs%’i'd' &34 glrrirev%ﬁbijd

sai d predeterne}}‘?é'd er reﬁ'ﬁg%Hf‘%ﬁFoﬁrﬂ’é“’Fﬁtéﬂg&‘héra%?%P ed’ﬁ?‘? §ta on of sai
comuni catlizhg firstisetadf bapastatione 12  base station of said first set of base
stati ons. 12. The method of claim 1l further conprising the
step of entering a&g rreasurerre t. di rcht ed hard handoff state by an

active communi cat i cHiR aRjparatus n said first nobile swtching
center wherZin sai dwhemrsaidaﬂémdtd antie dneabureshar pfoweandefel of asid firsalbase

said step of C?éaﬁﬂl'\aefﬂdqﬂ saldzpower level is ﬂe§s tﬂ-a{l'ﬁ a'tib qgré%i\ofci ah"entdy Wﬂega‘?& n
said active congmn Cal\(/)hﬂ? I I S af @)ﬁ d
The met hod bf #ftehactye ?étaﬁmasfcp lﬂért"s“éf stihase statigp; i femoye
controll ed by sadd first nobile sw tch| ng center each have a coverage area

that gbuts ;2 %&g&ﬁ%ﬁa ‘%mﬁﬂﬁ%’l?&h tmgbm a&@aw@ﬁspa&{dgkl ed

by said second e swtc center furiner conprisin
of : etsqfchaﬁﬁataapn%sm&rq sl %rsfamp ¢ syt cgot qaagaﬁs?éﬁl@ns

conpri sing &n _fifst bordér set of bassgtations) havinge acdoversge ateatthan abitsha ebveriage
active communi gal Q&rb%ondm &‘)Staagkées Qfﬂgnﬁ%g llea fby salﬂXQEéHdd"QmBB?
0 ]

step of entering.s asur |rth an n
vvheﬁ sai dnli(fst %f ?Fé‘“ffa%‘ JEHWtE WL Bas A loxeer yplup gy said drdp Thesh

than other remote units communicating with at least one of said first set of
12 base stations. '

56. The apparatus of claim 53:
2 wherein said remote unit measures a power level of said first base
station and if said power level is less than a drop threshold for longer than a
4  predetermined amount of time, an entry on said list of active base statmns
corresponding to said first base station is removed; and .
6 wherein if said remote unit is in communication with one of a first
border set of base stations controlled by said first mobile switching center, each
8  of said first border set of base stations having a coverage area that abuts a
coverage area corresponding to a base station controlled by said second mobile
10  switching center, said remote unit has a longer value of said predetermined
amount of time than other remote units communicating with at least one
12 base station of said first set of base stations.

57. The apparatus of claim 46 further an active communication control
2  unit in said first mobile switching center which enters a measurement



\1/\%97/0225¢733p0ndi rmmmm“mfumﬂm,flrzg border set of base stations.
* c L M s )

PCT/ US97/ 08677 The met hod of claim 12 wherein a first
border set of base stations 2 controlled by said first nobile swtching
center eachWOf744%90 cover age area that 5 abuts a cover agBCHP$I/08677
corresponding to a base station controlled by said second 4 nobi | e
switching center further conprising the steps of: storing at
sai d renot e dirgctedsharidshandoffi state in wdsich said adtive cempmirdcatipraonfol umit ry

corr espogdi n@iddaiefeidRangidietd i W Hemi)i.ch active communication is
establ i shed; and 8 executing the”step of entering said neasurenent

di rected hard handof f state only when each entry on said list of
active base st at i58nsTheraprepatussof claifi 57 sehetein rsaid hotiviercontmunicdtivae
stationsy  control unit is lectie Method of claim12 wherein a first border
set of base stations controlled by said first nobile switching center
each have a coverage area that abuts a coverage area corresponding to

? baﬁ e station cdot el aeppabmaiﬂtlaiﬁcﬁﬂdvhefi-einmaﬂai ﬂeﬁxc&é\/!ﬂdrﬁhbﬁwescsmst?bf
urther gonpli; p reiq said r.eqote unit
stores a‘il i sz{&lgiE rigag% irl\?/aetfc%.gséoxg{)gf ’jn§r]§n er F%r.irﬁsgaongmg R e@ﬂ? ;&D;se station

cor r espondi rigithowbighh aghiee: communicatipn hisvestalilished, furthesneomprisingoa first i s
est abl i sied; bgHaer sek of base statiGNLEdHitiNedIHYesatd $iRstOMnoBIlE ¥WiktBif2 céhtBR 8a4H enent
di rected hard handq}‘f %a& Q%\‘I)é when said |ist oé. actt [ v%ﬁba .
Stations corfeabioverags area el ahytaly foleyase atea corerppRding Py base Stighds 1 o
one of s& d gantelledobyresaidesecondparabilet awitahing center wherein 15aid Thetivet hod
of claim 12 édmﬁmt cafiﬁﬁ‘p_rcltaﬁ{rag uhheeﬁ&fso?ﬁg _rﬁée?s%‘it gﬁnﬁﬁt gmﬁc%g }ﬁi‘a'l@axﬁﬁ{ff \1;|e
comuni cation control wunit a .measurenment. direc .har ando abl e
to deter nesqﬁtel S0 i ﬁe’af sg’glﬁglsfeﬂﬁtaé‘%ﬁﬁi aff‘assgﬁt'?ﬂ? SHOTPIHEEn f™Y r§PLY 4

del ay cor r esqsurespanding toaine dfisaid fieat bovdercetnfibaseattations. si gnal and sai d
candidate round trip del ay. 18. The method of claim 12 further

ﬁgm)r :is:rggsfj?:n;; P ﬁee%ﬁéﬁgﬁ{gp% qi%im%?fwﬁearlepn %gitdl refncie T 53k 8 sk of trol

2  active base stations comprising an entry corresponding to each base station
with: which active communication is established, further comprising a first

4  border set of base stations controlled by said first mobile switching center each
have a coverage area that abuts a coverage area corresponding to a base station

6 controlled by said second mobile switching center wherein said active
communication control unit enters said measurement directed hard handoff

8 state when each entry on said list of active base stations corresponds to said
first border set of base stations.

61. The apparatus of claim 57 wherein said remote unit stores a list of

2  active base stations comprising an entry corresponding to each base station

with which active communication is established further comprising a first

4  border set of base stations controlled by said first mobile switching center each

have a coverage area that abuts a coverage area corresponding to a base station

6 controlled by said second mobile switching center wherein said active

communication control unit enters said measurement directed hard handoff

8 state only when said list of active base stations comprises a single entry and
said single entry corresponds to one of said first border set of base stations.

62. The apparatus of claim 57 further comprising a measurement
2  directed hard handoff table which is accessed by said active communication
control unit to determine a location of said remote unit based on said round



tabl e to determ nﬂm round trip delay corresponding to said
first active mim @Ulﬂgnal and said candidate round trip del ay,
whet her the | bcat i renote unit corresponds to an area where
a handoff is 6 desirabl e. 19. The met hod of ¢laim_ 18
wherein sai d ME#¥fent directed hard 257 handoff table coﬁ%ﬁp? o8e7,
entry designating a type of action that should be taken based on a

| ocation of said renote unit. WD 97/ 44970

50 4  trip delay copreppordingowesaid first active commnicatien ngignaldand saidi m
19 wher ei n sai ¢hrididdte @burd gae]alyat should be 2 taken is a handoff from
said first base station which is comunicating with said renpte unit
using code division nultiple access (CDVA) to said second 4 base station
operating using an &t dhaaeprasatusoed slaimn 57 cbutheroggmprising a measprement

met hod of ¢ ai girdfedREQ| Warfdf tablé SVRRhI iéeaél?ééhl tshi adtive oI cdtfon
frequency nodul ati

F
said alternati %‘tﬁ‘ﬁdﬂﬁi‘é!{\q" ‘ﬁetﬁf"f‘g'&‘mP&P%‘Sy“ %al |rﬂ’é“ mpsfl‘c’)]r%yrﬁ?l”feisBP’\é\Q%cb%s
(TDMVA.) 4 said quBacﬁmecomntmdcatﬁomlsagmlla’nMdemamdﬁmd roypd wip aelaypn

that shoul d bew%em!feme' mcm,&wkoéédffe%téamtf R@ 4€ 8tal iagéh WA AS
conmuni cat i g@\&fgﬁ requency wth sai te unit usi ng

sai d secon nmuni cating at a second frequency using CDIVA
24. The net hod of claim 19 wherel n said type of action that should be 2

taken i s a handoff Oméé’ﬁﬁhrgﬁis%fc?ﬂﬁm% % 'ﬂ\'%a lgrefxﬁmlﬁi ase sta t a

first freq enc t:’/a d renpte unit u to sal i on
4 communi c éa off ?GOF'PF(’BF% al}rﬁ"ttr)h F’H&“‘&H‘&P ttpe of ipgo
t echnol ogy. taken based 3h.a Ibbatiorebhsuld ebmoteatiit19 wherei n sai d type of

action that should be
65. The apparatus of claim 64 wherein said type of action that should be
2  taken is a handoff from said first base station which is communicating with
said remote unit using code division multiple access (CDMA) to said second
4  base station operating using an alternative modulation technology.

66. The apparatus of claim 65 wherein said alternative modulation
2  technology is frequency modulation (FM.)

67. The apparétus of claim 65 wherein said alternative modulation
2 technology is time division multiple access (TDMA.)

68. The apparatus of claim 64 wherein said type of action that should be
2 taken is a handoff from said first base station which is communicating at a
first frequency with said remote unit using' CDMA to said second base station

4 communicating at a second frequency using CDMA.

69. The apparatus of claim 64 wherein said type of action that should be

2  taken is a handoff from said first base station which is communicating at a

first frequency with said remote unit using CDMA to said first base station

4 communicating with said remote unit using an alternative modulation
technology.

70. The apparatus of claim 64 wherein said type of action that should be
2  taken is a handoff from said first base station which is communicating at a
first frequency with said remote unit using CDMA to said first base station



2 taken is a han rst base station which is comuni cating at
a first freqﬂu"m mfm;rw"jmlem)te unit using CDVA to said first base
station 4 commufii chti'ng Mat sa second frequency using CDVA. 26.
The met hod of claim 1l wherein said active comunication signal 2 is

conpri sed oWQI7442700f nul ti pat h si gnal s guch having a di f f BFEHSY7W867dy and
wherein said round trip delay of said active comunication signal is the 4
round trip delay corresponding to the earliest arriving nultipath signal of
sai d set %f corhinuyratating aprmbesrond frequency usingZCDWb&. net hod of claim 18
wherein said step of accessing is executed 2 when said round trip delay of
said active co i calion si nal e redet erm ned .anpunt .

38, “Tho. ot hod ofTlei &, SEPRRBIR: P, Sttt 46 (¥ be%’-fn awgggma fomEughiden

WO 97/ 44F0 signal is comprised of a set of multipath signals each having a diffegant gy 08677
2 whenever €

2o, Whenever a3d %&%ﬁpsﬁq rOERP Hib MY 0P @id b APk Embidichtiof ﬁg&iﬁg the
spread sgctmﬁ%mﬂ elgi cerresponsling 4a thy earliest amsivingionuitépash pigapl of
sequence andsaiigecbfimfidtifathsighls.r i p del ay of said active communication 4
signal is nmeasured in PN chips. 30. The nethod of claim3
wherein said active comruni cation:signal 2 IS a spread spectrum si gnal
which is spread b2 alkheapparatusefielaiot 62 whergin said megserementndire¢ted diand sai d
round trip dﬁéﬁ&oﬂftaﬁédxsaﬁédeb‘@dc%ﬁiﬂlé‘é&' Pdurtd n@pgaaia | DfMBAURHvEN PN
chi ps, said |dent|f%a|tr}g_1 tg\ﬁnlln of f 1S [Rasured 10 PN chi ps, and

sai d candi dat® PBUREY f) a %ﬁf a%gf%d P c?ﬁ’i“b‘%“ 31.
The met hod of claim 1l wherein said first base station defines a first 2
coverage area and?:-)l\hli‘h@hp Srahes of dlsiin 69 YRHASA sﬁf&ﬁxeﬁ@@ié&ﬁ&{tsdirﬂctéalﬁrés

2’?:? i on 4i heh%xlﬁ%gg%bge is zﬁ:ggstsgd W, ene(\:rgrmsalrc]f ﬁrsttI ”&IYV' sw1tcﬁ'|ng centér rel%glsv%s
said message from said remote unit comprising said first phase offset.

74. The apparatus of claim 46 wherein said active communication
2  signal is a spread spectrum signal which is spread by a pseudorandom noise
(PN) sequence and wherein said round trip delay of said active

4 communication signal is measured in PN chips.

75. The apparatus of claim 48 wherein said active communication
2  signal is a spread spectrum signal which is spread by a pseudorandom noise
(PN) sequence and wherein said round trip delay of said active
4 communication signal is measured in PN chips, said identifying channel
offset is measured in PN chips, and said candidate round trip delay is

6 measured in PN chips.

76. The apparatus of claim 46 wherein said first base station defines a
2  first coverage area and wherein said first coverage area contracts in size as
when the number of remote unit communicating with said first base station

4  increases.

77. The apparatus of claim 46 wherein said first base station deploys a
2 Dase station breathing function for balancing a forward link coverage area to a
reverse link coverage area.

78. The apparatus of claim 46 further comprising a first border set of
2  Dbase stations controlled by said first mobile switching center, each of said first



32. The nethod of cl corrpri sing the step of deploying at 2
said first base mg‘&mﬂ atlon breat hing function for balancing a
forward Iink a reverse |ink coverage area.

33. The nethod of cI aim1l wherein a first border set of base stations 2
control | ed by™aA7449 st nobil e switchingseenter each have aPCHURYABHE area
t hat abuts a coverage area corresponding to a base station controlled
by said second 4 nobil e switching center, further conprising the step of
depl oyi ng at shordef setsof base mmga ¢ Gncoverageaareaf thatt abmis e severage area one

gf S ?Ih d fi ][4st &arlp bnaﬁ{g & aluse skations ket trélsd b? M%@éeﬂtﬁ&ﬁoﬁl@kb\?&hlng
reat hi ng func al an e area

reverse [ink cfﬁf'g ﬁeﬂﬁ?{a%hf%fbaﬁv%ggﬁt’s ppsrﬁfasab%géﬁgaorag il ogr}:ase

br eat hi ng fmncstabmsjeamldoyad fipst obdser statiow deploysias fiost based statiomt byeathing
base stations. funchon for balanaﬁ a fotward RARBVEREE g tcf‘ﬁtr@%ﬂﬁe lh{k c¥birhfe 2

t k r rou a rerTDt uni nOt user Vla.
e Vonat o3’ dtes whiths Pa&?%ﬁent  AaRs A0 IR RSO FeRlIDY

nmobi | e swi t chi oiler badecstatidrer ofbaid ﬁmisemfhaséytatmnsr ol i ng conmuni cati ons
through a first set of base stations including a first base station and
t hrough a second set of base statiogns 6 I pcluding a second base station,

i
a method for directigt rbéﬁﬁﬂm“é%‘f:?fé?fss nemoégt%ﬁ?ﬂ%%'d renote unit and said
first and gecond baseembbd nnﬁs thesggt SWhigh a network u¥d) 2dmivtnidates with

52 cco]:hFr us%r\g aat S?F{;&’@ﬁﬂe stahgn the steps of:

nmeasuring at & E del ay of an _active 10
comuni cat i%on si gnad fird@Rdesecend H‘thlesﬁwﬁ‘z'i@@gs‘ie& 819 rf°’éFR§P§ﬁq1‘CP y septiolling ¢ ;
entering a neassmai@itatibrisettirodghar firsh asulof basetsdtiorisyarah tixdlighea d&kond set

communi catig@n SPﬂésre%'tatiH}is 1:18834 sé nﬁ"’lia@efs{a"t%h mobi | e switching center;
g By

and I tation control unit a
nmeasur enent 14 dméé&téasmﬁaeonamh@flsmameénb@ ebsaidniirst seh ok bagmstatipns

round trip 8lel fphich me&stirés P edad Otripd delyd of | 415t activiel COmIAGNICALIOAT isfifhal
st gnal whet her Qt&e%ﬁas%id’ﬂ Q'badd stauéf'i‘aﬂd "GP & drgf 0" " €SPONds to an area
where a handof Bl'e
10 an active commumcatnon control unit located in said first mobile
switching center having a measurement directed hard handoff state in which
12 said active communication control unit accesses a measurement directed hard
handoff table to determine based on said round trip delay corresponding to
14  said first active communication signal whether a location of said remote umt
corresponds to an area where a handoff is desirable.

80. The apparatus of claim 79 wherein each of said first set of base
2  stations transmits a common pilot sequence and wherein each of said first set
of base stations transmits said common pilot sequence at an identifying

4  channel offset.

81. The apparatus of claim 79 wherein said active communication
2 control unit is a selector.

82. The apparatus of claim 79 wherein said measurement directed hard
2 handoff table comprises an entry specifying a type of action that should be
taken based on said location of said remote unit.

83. The apparatus of claim 82 wherein said type of action that should be
2 taken is a handoff from said first base station which is communicating with
said remote unit using code division multiple access (CDMA) to said second



from each of
wher ei n

35. The net h? u m’ummmtuﬂuut her conprising the step of transmtting
f base stations a conmon pilot sequence
0

eac dhid fifrst set of base stations transmts said co

i
pil ot sequence at 4 an identifying channel offset. 36.
met hod of cWRi9H#4920 wherein said active ggmruni cation 2  REHYYII86HH; ¢

sel ect or.

37. The method of claim34 wherein said neasure

directed hard 2 handoff table conprises an entry specifying a type
acti on t#at belsestafioneoperating aising am sltdrrative anddulatieni techreflogyi d r enot e

uni t .
t hat shoul d

38. The nethod of claim 37 wherein said type of act

be aken is a handoff fromsaid first base statipn, wh
i s communi cat i ng%ﬁn' tHre aPPa’?ﬁ‘?%"féf?dF’e n‘f"g]e‘i‘}éﬁ" r&?“t@i@n&‘? i8R Hfﬁt’tqr‘p
access ( ZDVApchirwlegy i frequerdy modulasioe (FMR) i on operating using an

alternative

wherein said alterngtive nodul atiﬁo L 2 technol ogy is frequenc dul
clpion; edluat

(FM)

t
modul ati @n  tachndleghimotingydivision rultipld adcess (TDMiAY) e access (TDMVA.)

nodul ati on t echnol ogy. 39. The nethod of cl ai

. Jkhe pRparatehg B3 whersin said jaltesnative, m 1ore

41. The nethod of claim 37 wherein said type of action that should be
taken is a handoff fromsaid first base station which is comunjcating at a
first frequency @6t Theanparainsoé claim82 wherginceid type sfiaefionethat shouldebe
station 24 takeid/aihaatoffdfrain aidefife babd SAUBACWhHIE RUcéRMunicating at a
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2  takef i scommanitetingfat arsesend) frequencybusing SRMAon whi ch is communi cati ng
at a first frequency with said renote unit using COVA to said first

base station 4 gCoRLCal DY UL SAAeleNBLIA WL be UMA00ER RLLE BT 1 Ve

nodul ati on
2

taken is a handoff from said first base station which is communicating at a
first frequency with said remote unit using CDMA to said first base station
communicating with said remote unit using an alternative modulation
technology.

88. The apparatus of claim 82 wherein said type of action that should be
taken is a handoff from said first base station which is communicating at a
first frequency with said remote unit using CDMA to said first base station
communicating at a second frequency using CDMA.

89. The apparatus of claim 79 wherein said active communication
signal is comprised of a set of multipath signals each having a different delay
and wherein said round trip delay of said active communication signal is the
round trip delay corresponding to the earliest arriving multipath signal of
said set of multipath signals. ‘

90. The apparatus of claim 79 wherein said active communication
signal accesses said measurement directed hard handoff table when said
round trip delay of said active communication signal changes by a
predetermined amount.



technol ogy. 43. The nethod of claim 37 wherein said type of
action that should be 2 taken is a handoff fromsaid first base station
whi ch is comunicating at a first frequency with said renote unit
using CDMA to said first base station 4 comuni cating at a_second
frequency usiWgSURIe 44. The method of clai m 34 U s ai d
active comrunication signal 2 is conprised of a .set of nultipath signals
each having a different delay and wnjoein said round trip delay of
said active comunication signal is the round trip delay correspondi ng
to the earliest arriving multipath signal of said set of nultipath

si gnal s. 45. The nethod of claim 34 further conprising said
step of executing 2 said step of accessing when said round trip delay

of said active TO/EROMINI cati on signal changes by ‘?Oﬂflf(gﬁ 'ﬂgd
anmount . BSTNAOMUNi cati ons petMork c B ﬂEEQTA??g a
renote unit through whi cﬁia\ng TR USEL_COMT n'ne‘gls) \ﬁ Aﬁ)t her
user via at |east one base stat}on YEEM saild renpte unit neasures a 4
first phase offset of a pilot s|RONFROLLERI {from a candidate base

stati on; a first set|oANRSWITGH qns including a first base
station wherein said firsjtrJﬂi' T res g round trip delay of
an active conmmuni cd®i sf*nal [ - station and
said renmpte unit; an center for
controlling connuniﬂ base stations
wherein said first rnobilelsw tching center nmessage from
said renote unit cornpri si nd receives said
round trip delay of rom 12 said first
base station and calc tes a candi date round i pdel ay between said
renmote unit and said fArgt candi date base stafi t herefrom

47. The apparatus of cl\yi\n 46 further conp 2 a second set
of base stations includi a, econ@ d a second
nmobi |l e switching center/ No 9 ntrolli t hrough said.
second set of base st afQAY\s

16
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PCT/ US97/ 08677 48. The apparatus of claim 46 wherein each of
said first set of base 2 stations transnmits a conmon pil ot sequence and
wherein each of first set of base stations transm ' sﬁﬁnnnn
pi | ot sequen&go ?“gﬁoldentlfylng 4  channel offset. ié&ﬁﬁaﬁg he
apparatus of claim48 wherein said flggr o mobi le SMAtChlng 2 center

cal cul ates said candidate round trip ay as: RTDerr] =
RTDerr] + 2*(Pil otPhase[err] - Channeﬁtffset[err] * Pilotlnc) 6 where:
RTD[ err] = said candidate round trip dg ;8 RTDerr] = said round
trip delay of said active communicati o & Ong} ; Pi | ot Phase[err] =
said first phase of f&t; and 10 CEﬁanne Cffset[err] * Pilotlnc =
an identifying chann of f set Eorres nding to said first candidate
base' stati on. 50. The apparatus Bf claim 46 wherein said first
candi date base stationis 2 contrpl | ed said first noRile switching
center. 51. The appar atlus of aimAa7jwherein said first

candi date base station is 2 contrplled g said pecond nobile swi tjchi ng
center. 52. The appar at wherein said firgt

candi date base stationis 2
center and said pilot signal

cond nobil e sw tjchi ng
rrgt\ cangdi dat e base stlaki on

is generated by a pilot beacop unlt 3. TMhe apparat us [0
claimd47: 2 wher ein [ a I \st of acti\e] base
stations conprising . S dlng «3 Xa pbase statidnfwth
whi ch active communi cation ' : wher ei n s%id

renote unit stores a list of q conpr|5|n% hn

entry corresponding to each_bask i i ctive

communi cati on may be pogse T : salrthlist dqf] 8

candi date base stationg qi i se stati orf; | and
[ [ statio frdm 10

whi ch saidelist of ec <l | 94 The

apparatus of claimb53
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2 wherein said renpte unit nmeasures a power |evel of a pilot signa

WD 97/ 44970 55

PCT/ US97/ 08677 corresponding to a first entry on said |ist of

nei ghbor base st Ma%9m497and if said 4 power |evel exceeds an add
threshold said first entry on said list of neighbor base Siéﬁd@@%ﬁuh?
added to said list of candidate base stations; gng 6 wher el
said renpte unit is cormmunicating with one of a first border set of

base stations controlled by said first nobile switching center, each of
said 8 first border set of base stations having a coverage area that

abuts a coverage area corresponding to a base station controlled by
said second nobile 10 switching center, said renpte unit has a | ower
val ue of said add threshold ~ than other renpote units comunicating with

2 first set of base stations.

wher ei n say nit measures
station and i ; | evel is
said 4 acti ve Yase

at | east one base statiog
55. The apparatus of clj
a power .|l evel of said
| ess than a drop thre

stations correspondi Aase statio and 6
wherein if said renpf§ unit ; d s-rder

set of base stations &ntrolled by sgj “rala
of said 8 fil3Q PP ff ea t hat
abuts a coverage ©&*% ol I ed by
said second nobile 10 ‘. w B | ower

val ue of said drop thr-.hold O] nlcathﬂ
with at least one of glid.first set\of 12 _ i _ 56.

The appar at us of cla'h153:\ 2 100 ‘-asures a
power |evel of saidffirst ba Station and#i f said pﬁﬁﬁ gvel is

| ess than a drop thifgshol d f | onger gt=ew d pr edet ed aygount of

time, an entry on saNg |ist oP\aqubv 125 O1 I €S TTeHremmtng

whe f s3g
bor der set
enter,

d renpte
base

said first base stati® i s rennved and 6
unit is in communicati® mnth on&Af a flrstl
stations controlled by e nDb|Ie Q‘LLéhlng

FIG.3



8 of said first border set of base stations having a coverage area that

abuts a coverage area corresponding to a base station controlled by
said second nobile 10 switching center, said renpte unit has a | onger

val ue of said predeterm ned amount of time than other renpte units
comuni cati ng WA east one 12 base station of said fir¥fYE¥ Y7 pase
stations. 57. The apparatus of claim46 further an active
comuni cation control 2 unit in said fih%t nobi | e switching center which
enters a neasurenent WO 97/44976 56

PCT/ US97/ 08677 directed hard handoff state in which said active

lates said caggidate round trip delay.
dn said active lcommuni f 2 contro
2 ‘ sai d

58. The apparatus of cl~agp 57
unit is a selector
renote unit store§59

communi cation control unit 4 cahg
9.

> _ S-QUB = ry
correspondi ng to eacgh . d b Wl ve confaie=eqation is
establ i shed, furthei A~ n ' i
controll ed by said f i B g X- dover age
area that abuts a cg

controll ed by said second nobile s e
conmmuni cation control unit enters said asurenent directed hard handoff 8
state only when sai FIGstd4& active base stations conprises an entry
corresponding to one of said first border set of base stations.

60. The apparatus of claim57 wherein said renpte unit stores a list of 2
active base stations conprising an entry corresponding to each base station
wi th which active comrunication is established, further conprising a first
4 border set of base stations controlled by said first nobile swtching

I~

center each have a coveraggoas eg84jat abpgs-g
corresponding to a bas alion 6 b
switching center e i dores > AInjdgsent ers
sai d nmeasurenent dire : = - <R said |ist

of active base stati,
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first border set of base stations. 61. The apparatus of claim
57 wherein said renpte unit stores a list of 2 active base stations
conprising an entry corresponding to each base station wi th which
active communi cation is established further conprising a first 4 border set
of base stati 8YR9%Prol | ed by said first nobile sw tching cEBRTUSIAE6H
have a coverage area that abuts a coveraggl@rea corresponding to a base
station 6 controlled by said second nobile switching center wherein said
active conmmruni cation control unit enters Sgi-giea eupnt directed hard
handoff 8 state only when said |list of activg ort-T¢ | A28
single entry and said single entry cor
border set of base stations.
further conprising a
accessed by said a

del ay.
measur enment 2
comuni cati on
correspondi ng - 7
candi dat e round [ 7 atfon g
corresponds to amlye 74 '

apparatus of cl o
tabl e conpriseg
t aken based o
of claim64
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4 base station operating using an alternative nodul ati on technol ogy.
66. The apparatus of claim®65 wherein said alternative nodul ation 2

technol ogy is frequency nodul ation (FM) 67. The apparatus of
claim 65 wherein said alternative nodulation 2 technology is tine
di vi si on nul t MQ%244®Ress ( TDMVA. ) 68. The appar at URCHPSSUEEH 64

wherein said type of action that shoul d érg02 taken is a handoff from said
first base station which is conqu(xg;.: sfirst frequency with
said renmpte unit using CDVA to sajdifseeQd b2 ion 4 comuni cati ng

- apparatus of claim 64

wherein said type of action t ak302 i s\a handoff from said
first base station which i i requency wth
said remote unit using C ' ommuni cati ng
with said renote unit u Ao i t dchnol ogy.

70. The apparatus of cl gi iHh said type Jof action th{t should be 2
taken is a handoff fro i i ' i i i nicating at a

first frequency with sgid renote unit base station
/ US97/ 08677

4 communi cating at alsecond ’ . 71. The
apparatus of claim46 i i i gnal is

conprised of a set of A Ent  del ay

and wherein said round tN RCt i i §atfon signal is
the 4 round trip del ay N i ving nultipath
si gnal of said set of nt¥ 9 2. The appar at us
of claim63 wherein said nedgureé doff table is

accessed when said round triN delay of said active




comuni cati on signal changes by a predeterm ned anount. 73. The
apparatus of claim®63 wherein said neasurenent directed hard 2 handof f
tabl e is accessed whenever said first nobile switching center receives
said nessage fromsaid renote unit conprising said first phase offset.

74. The appar al’@S"8#?7%| ai m 46 wherein said active comuni cat i SF¥S7086yn,|
is a spread spectrum signal which is spreapgtipy a pseudorandom noi se

(PN) sequence and wherein said round trip delay of said active 4

comuni cation signal is measured in PN chips. 75. The appar at us
of claim 48 wherein said active conmuni cation 2 signal is a spread
spectrum signal which is spread by a pseudorandom noi se (PN) sequence
and wherein said round trip delay of said actiyve 4 comuni cati on signa

is neasured in PN chips, said identifying c 2 of fset is neasured in

PN chi ps, and said candidate round tri
76. The apparatus of claim46 wherein g
first coverage area and wherein said fj
as when the nunber of renote '
station 4 i ncreases. 77. The apparat us
said first base station deplgfs a 2 base station bre
bal anci ng a forwgiyg?glg'rqlg coyerage area tjo a

ar ea. “nd i
border set of base st #t

center, each of said fir

59

have a coverags area thatl abuts a coveé

is 6 measured in PN chips.
first base station defines a 2
erage area contracts in size
with said first base
Om 46 wherein
hing function for
i nk coverage
rising a first
ile swtchjng

SYSTEM §,
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6 stations and said first base station deploys a first base station
br eat hi ng function for balancing a forward |link coverage area to a
reverse link coverage 8 area which is different froma base station
breat hi ng fun | oyed by ot her base stations of ag é set
of base stat|§%§99*S%P 79. In a conmmuni cations netwo?’g!T ﬁ%&g I ng:
2 a renote unit through which a n }Mprk user conmunicates with
anot her user via at | east one base stati off] a first and second
nobil e switching centers for respectively controlling conmmuni cat i ons
through a first set of base stations and t hrough a second set 6 of base
stations including a second base_s a first base station
which is a nmenber of said firs N S whi ch neasures a
round trip delay of an active aTERg bet ween said
/ an Ntive

. swi t ching

whi ch 12

first base station and said
communi cati on cont uli
i sai d

80. The apparatus of claim 79 mhereln each of sald‘flrst set of base 2
stations transmts a conmmon pil ot sequence and wherein each of said first

set of base stations transmts said co pi | ot ;|agquence at an
i dentifying 4 channel offset. T—Fhe ap us of claim
79 wherein said active comruni cation 2 contr{ljunit i sel ector.

82. The apparatus of claim 79 wherein said neasur nt diregted hard 2

handof f table conprises an entry specifying a typqg of actiop that should be
taken based on said location of said renote 382 . 83. The
apparatus of claim82 wherein said type of adtiton that should be 2
taken is a handoff frREGal® first base stati ORMERRR $ cofmuni cating with
said renpte unit using code d|V|§g on nmul tipl g access F%xmm» to said second
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4 base station operating using an alternative nodul ati on technol ogy.
84. The apparatus of claim 83 wherein said alternative nodul ation 2

technol ogy is frequency nodul ation (FM) 85. The appar at us of

cl ai m 83 wher eVA%¥M9P al t ernative nodul ation 2  technol ogy iFCHYSIH08677
division nultiple access (TDMNA. ) 9/1B86. The apparatus of claim 82
wherein said type of action that should be 2 taken is a handoff fromsaid
first base station which is conmunicating at a first frequency with

said renmote unit using CDVA to said second base station 4  conmuni cating

at a second frequency ch\ERA . COVERAGE7- The apparatus of claim 82

wherein said tybb oﬂ-axggw‘ge% g : SYSYEM 8} d

first base station whic S m*runica‘% 4 fi Eency W th
Eg%:%%

(D

sai d -renote unig2:Us - . Crpen | PSRN S
wth said renpte unit 2al tern 8 GaBdul at i on Ay nol ogy. 2
88. The apparatus of claim 82 vﬁgrei n said type of action that should be 2
taken is a hanBbff <rem-said iSO base s-t-a-t-i!on which is communi SMSTEMS8] a

first frequency witTMsad et e unt]using to sai c§5f4j\rst base station

4 comuni catgng at a second freqguen Ds1‘r1'd'_ —— a— - >8ﬁzsrﬁmsz
apparatus of claim79 wherein said ive co ni cation 2 signal is
conprised of a set of nultipath sB§haf®s each 0ng a different del ay

and wherein said round trip delay of Said actTve conmuni cation signal is
the 4 round trip delay corresponding to the earliest arriving nmultipath
si gnal of said set of nultipath signals. 90. The appar at us
of claim 79 wherein said active connunicaﬁiig il signal accesses said
measur enent directed hard handoff table s round trip delay of
sai d active conmmuni cation signal changes by a 4 predet er m ned anount.
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