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(57) Abstract

A method and apparatus
for providing handoff between
two communication systems. The
systems can be CDMA systems
operating at different frequencies
or systems employing different
technologies. In the first system,
a base station (4) is configured
to provide communications to two
or more sectors, with at least one
sector assigned to a comresponding
repeater (8) which provides
coverage overlapping that of both
systems. As the remote station
(6) moves into the coverage area
of the repeater (8), the pilot signal
of the repeater (8) is identified,
measured and sent to the first
system. If the measured pilot
signal is above a predetermined
add threshold, the repeater (8)
is added to the active set of the
remote station. The first system
can handoff the remote station
(6) to the second system: (1) upon
initiation of a soft handoff by the
base station of the first system; (2)

set of the remote station (6).
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TO/FROM OTHER
BASE STATIONS

if the pilot signal strength of the repeater (8), as measured by the remote station (6), exceeds a predetermined handoff threshold; (3) if the
base station (4) of the first system is dropped from the active set of the remote station (6); (4) if the repeater of the first system is dropped
from the active set of the remote station (6); or (5) if the base station (4) and repeater (8) of the first system are dropped from the active




I'n the aforenentioned U S. Patent Nos. 4,901,307 and 5,103,459, a rrultlgple
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system user capacity. As described herein, a base station is the physical
har dwar e & hr ough whi ch conmuni cations i.s conducted. A cell is the

geogr aphi cal 1 coveFi@ of thaTaventibRi N whi ch communi cations with the base
station is possible. A cell can be partitioned into nultiple sectors, and
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t he physjgal hhrdetian @ CDMAGYsién Mﬁ?xmewf%peatem conduct ed,
dependi ng on the context in V\/m ch th erns are used. A system refers to a

set of base stations controlled by a comon systemcontroller. The
convent i onal IIFM cBlesciptioh@lf¢hb RedatedsAetns used within the United States is
commonly called the Advanced Mbil e Phone Service 15 (AWS), and is
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system with a large number of users Although other techniques such as

time division multiple access (TDMA), frequency division multiple access

(FDMA), and AM modulation schemes such as amplitude companded

single sideband (ACSSB) are known, CDMA has significant advantages over

20 these other techniques. The use of CDMA techniques in a multiple access

communication system is disclosed in U.S. Patent No. 4,901,307, entitled

"SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM

USING SATELLITE OR TERRESTRIAL REPEATERS,” assigned to the

assignee of the present invention and incorporated by reference herein. The

- 25 use of CDMA techniques in a multiple access communication system is

further disclosed in US. Patent No. 5,103459, entitled “SYSTEM AND

METHOD FOR GENERATING SIGNAL WAVEFORMS IN A CDMA

CELLULAR TELEPHONE SYSTEM”, assigned to the assignee of the present

invention and incorporated by reference herein. The CDMA system can be

30 designed to conform to the “TIA/EIA/IS-95 Mobile Station-Base Station

- Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular
System”, hereinafter referred to as the IS-95 standard.

In the aforementioned U.S. Patent Nos. 4,901,307 and 5,103,459, a

multiple access technique is disclosed in which a large number of mobile

35 telephone system users, each having a transceiver (also known as a remote

station), communicate through satellite repeaters or terrestrial base stations

(also known as base stations or cell-sites) using CDMA spread spectrum

communication signals. In using CDMA communications, the frequency

~spectrum can be reused in neighboring cell-sites. The use of CDMA

40 techniques results in a higher spectral efficiency than can be achieved using
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Shoul d pfie PAMPY), RO Hetlid’ 3R Cthe Electronic Industry Association standard
EIA/TIA-553 "Mobile Station - Land Station Compatibility Specification”. In
such a conventional FM cellular telephone system, the available frequency
‘band is divided into channels typically 30 KHz in bandwidth. The system
service area is divided geographically into base station coverage areas which
20 may vary in size. The available frequency channels are divided into sets.
The frequency sets are assigned to the coverage areas in such a way as to
minimize the possibility of co-channel interference. For example, consider a
system in which there are seven frequency sets and the coverage areas are
equally sized hexagons. The frequency set used in one coverage area is not
25 used in the six nearest neighboring coverage areas.

In conventional cellular systems, a handoff scheme is used to allow a
communication connection to continue when a remote station crosses the
boundary between coverage areas of two different base stations. In the AMPS
system, the handoff from one base station to another is initiated when the

30 active base station handling the call determines that the received signal
strength from the remote station has fallen below a predetermined
threshold value. A low signal strength indication implies that the remote
station is near the coverage area boundary of the base station. When the
signal level falls below the predetermined threshold value, the active base

35 station asks the system controller to determine whether a neighboring base
station receives the remote station signal with better signal strength than the
current base station.

The system controller, in response to the active base station inquiry,
sends messages to the neighboring base stations with a handoff request.
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channel s. perating experience indicates that handoff failures occur
frequent |y whichIni ghef conventionalwesysteme aefalhbronnsction tife dippperh (i-e.
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handoff can also fail if one of the neighboring base stations reports receiving
a signal from the remote station, when in fact the base station actually
20 receives a signal from a different remote station which is using the same
channel to communicate with a distant base station. This reporting error
results in the transfer of the call connection to a wrong base station, typically
one in which signal strength from the actual remote station is insufficient to
maintain communications. And third, the handoff fails if the remote
25 station fails to receive the command to switch channels. Actual operating
experience indicates that handoff failures occur frequently which
significantly lowers the reliability of the system.
Another common problem in the conventional AMPS telephone
system occurs when the remote station remains for an extended period of
30 time near the border between two coverage areas. In this situation, the
signal level tends to fluctuate with respect to each base station as the remote
station changes position, as other reflective or attenuative objects within the
coverage area change position, or due to measurement uncertainty. The |
signal level fluctuations can result in a ‘ping-ponging’ situation wherein
35 repeated requests are made to handoff the call back and forth between.the
two base stations. Such additional unnecessary handoffs increase the
probability that the call is inadvertently discontinued. Furthermore,
repeated handoffs, even if successful, can adversely effect signal quality.
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15 A CDMA CELLULAR COMMUNICATIONS SYSTEM", issued
November 30, 1993, assigned to the assignee of the present invention and
incorporated by reference herein. In the system of U.S. Patent No. 5,267,261,
the soft handoff process is controlled based on measurements at the remote
station of the strength of the pilot signal transmitted by each base station

20 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 U.S. Patent No. 5,267,261, the
remote station monitors the signal strength of pilot signals from

25 neighboring base stations. The coverage area of the neighboring base
stations need not actually abut the coverage area of the base station with
which active communication is established. When the measured signal
strength of the pilot signal from one of the neighboring base stations exceeds
a predetermined add threshold, the remote station sends a signal strength

30 message to a system controller via the active base station. The system
controller directs a target base station to establish communication with the
remote station and directs the remote station via the active base station to
establish contemporaneous communication through the target base station
while maintaining communication with the active base station. This

35 process can continue for additional base stations.

When the remote station detects that the signal strength of a pilot
corresponding to one of the base stations through which the remote station
is communicating has fallen below a predetermined drop threshold, the
remote station reports the measured signal strength of the corresponding
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stati ongs  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 providing simultaneous communication with the remote station
during the handoff process. Even when the existence of an intersystem link
between the two systems is available to facilitate intersystem soft handoff,
20 dissimilar characteristics of the two systems often further complicate the soft
handoff process.

When resources are not available to conduct interfrequency and/or
intersystem soft handoffs, the execution of a ‘hard’” handoff of a call
connection from one frequency to another frequency and/or from one

25 system to another system becomes critical if uninterrupted service is to be
maintained. The interfrequency and/or intersystem handoff should be
executed at a time and location likely to result in successful transfer of the
call connection between systems. The handoff should be attempted only

when, for example:
30

-

(1) an idle channel is available in the target base station,
(2) the remote station is within range of the target base station and the
active base station, and
(3) the remote station is in a position at which it is assured of
35 receiving the command to switch channels.

Ideally, each such interfrequency and/or intersystem hard handoff should be
conducted in a manner which minimizes the potential for ‘ping-ponging’
handoff requests between the base stations of different systems.
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stati on I's pirdbvide cangageftottid dnnysre mss t@hé o mode tsketors is associated
with the coverage area surrounding the base station, which is also referred
to as the cell. The remaining one or more sectors is each associated with a
respective repeater which is located at the boundary of the cell. Each
20 repeater provide communications for a coverage area surrounding the
respective repeater.

In the exemplary embodiment, the coverage area of the repeater
overlaps the cell of the first system such that handoff can be performed
between the base station and the repeater. In the exemplary embodiment,

25 the coverage area of the repeater also overlaps a cell of the second system
such that handoff can be performed between the base station or repeater of
the first system and a base station (or a repeater) of the second system.

In the exemplary embodiment, the pilot signals of the base station and
repeater of the first system are distinguished by different offsets of the

30 common short PN spreading codes which are used to spread the data.
Alternatively, the pilot signals can be distinguished by different Walsh
covers, or other identifying features. A remote station located within the
cell of the first system communicates with the corresponding active base

station. As the remote station moves into the coverage area of the repeater,
35 the pilot signal of the repeater is identified and measured by the remote
station and sent to the active base station. If the measured pilot signal is
above a predetermined add threshold, the repeater can be added to the active
set of the remote station and communications can be established
concurrently with the active base station and the repeater. The first system
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can be set higher than the predetermined add threshold which is used to add

15 the repeater to the active set of the remote station. This embodiment works
well even if the coverage area of the repeater is not co-located within the
neighboring cell of the second system.

In the third embodiment, the first system transfers the
communications to the base station of the second system if the base station

20  of the first system is dropped from the active set of the remote station. In
the exemplary embodiment, the remote station periodically measures the
pilot signals of the active base station and the repeater and reports the
measurements to the first system. If the pilot signal strength of the active
base station of the first system, as measured by the remote station, is below a

25 predetermined drop threshold, the base station is removed from the active
set of the remote station. When this occurs, the first system can presume
that the remote station has traveled sufficiently into the coverage area of the
second system to initiate a handoff of the remote station to the second
system. '

30 In the fourth embodiment, the first systém transfers the
communications to the base station of the second system if the repeater of
the first system is dropped from the active set of the remote station. This
embodiment is particularly applicable in system ' designs wherein the
coverage area of the repeater is inclosed within the coverage area of the

35 second system (e.g., an AMP system) and it is desirable to handoff to this
second system.

And in the fifth embodiment, the first system transfers the
communications to the base station of the second system if the active base
station and repeater of the first system are both dropped from the active set




I the exenpl ary enbodi ment, the coverage area of the repeater overiaps the
cell of thewboystrasystem such that handoff can be perforned RPEIULS12520e
base station and the repeater. In the exenplary enbodi nment, 25 the
coverage area of the repeater also overlaps a cell of the second system
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repeater, 35 the pilot signal of the repeater is identified and neasured
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with a remote station;
FIG. 2 is a block diagram of an exemplary forward link transmission
and receiving subsystem;
FIG. 3 is a block diagram of an exemplary channel element within the
20 base station; and
FIG. 4 is block diagram of an exemplary demodulator within the
remote station;
FIGS. 5A-5B are block diagrams of an exemplary repeater
communicating through an over-the-air link and a transmission line link,
25 respectively; and
FIGS. 6A-6C are three exemplary diagrams of the coverage provided
by a base station and a repeater of two communication systems.

30 DETAILED DESCRIPTION OF THE PREFERRED
| EMBODIMENTS

Referring to the figures, FIG. 1 represents an exemplary
communication system of the present invention which comprises multiple

35 Dbase stations 4 in communication with multiple remote stations 6 (only one
remote station 6 is shown for simplicity). System controller 2 connects to all

base stations 4 in the communication system, the public switched telephone
network (PSTN), and system controllers of other communication systems.
System controller 2 coordinates the communication between users
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this convolutlonally encodes the data, CRC parity b1ts, and code tail bxts

interleaves the encoded data, scrambles the interleaved data with the user
long PN sequence, and covers the scrambled data with a Walsh sequence.

20 The traffic channel and pilot channel data corresponding to each sector is
combined and provided to a modulator and transmitter (MOD AND TMTR)
114 (only one is shown in FIG. 2 for simplicity). Each modulator and
transmitter 114 spreads the covered data with the short PN sequences. In the
exemplary embodiment, the offset of the short PN sequences for each

25 modulator and transmitter 114 is selected to be unique from those of
neighboring modulators and transmitters. The spread data is then
modulated with the in-phase and quadrature sinusoids, and the modulated
signal is filtered, upconverted, and amplified. The forward link signal is
transmitted on forward link 10 through antenna 116.

30 At remote station 6, the forward link signal is received by antenna 132
and provided to receiver (RCVR) 134. Receiver 134 filters, amplifies,
downconverts, quadrature demodulates, and quantizes the signal. The
digitized data is provided to demodulator (DEMOD) 136 which despreads the
data with the short PN sequences, decovers the despread data with the

35 Walsh sequence, and derotates the decovered data with the recovered pilot
signal. The derotated data from different correlators within demodulator
136 are combined and descrambled with the user long PN sequence. The
descrambled (or demodulated) data is provided to decoder 138 which
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A block diagram of an exemplary channel element 112 is shown in
FIG. 3. In the exemplary embodiment, channel element 112 comprises at
least one traffic channel 212 and at least one pilot channel 232. Within each
15  traffic channel 212, CRC encoder 214 receives the traffic data, performs CRC
encoding, and can insert a set of code tail bits (e.g., in accordance with the
IS-95 standard). The CRC encoded data is provided to convolutional
encoder 216 which encodes the data with a convolutional code. In the
exemplary embodiment, the convolutional code is specified by the 1S-95
20 standard. The encoded data is provided to interleaver 218 which reorders
the code symbols within the encoded data. In the exemplary embodiment,
interleaver 218 is a block interleaver which reorders the code symbols
within blocks of 20 msec of encoded data. The interleaved data is provided
to multiplier 220 which scrambles the data with the user long PN sequence.
25 The long PN sequence is identical to that assigned to the remote station for
which the communications is destined. The scrambled data is provided to
multiplier 222 which covers the data with the Walsh sequence assigned to

this traffic channel. The covered data is provided to gain element 224 which
scales the data such that the required energy-per-bit-to-noise E,/I, ratio is

30 maintained at the destination remote station while minimizing transmit
power. The scaled data is provided to switch 230 which directs the data from
the traffic channels 212 to the proper summer 240. Each summer 240 sums
the signals from all traffic channels 212 and pilot channel 232 designated for
that particular sector. The resultant signal from each summer 240 is

35 provided modulator and transmitter 114 which functions in the manner
described above.

Channel element 112 comprises at least one pilot channel 232. The
number of pilot channels 232 required is dependent on system
requirements. In the exemplary embodiment, each sector is associated with
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systenms. 30 DETAI LED DESCRI PTI OM OF THE PREFERRED EMBODI MENTS
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forward |i nklements286swhich acales theepiloh datemndtiaaescalingfactorito mafatath thkt hi n
base stati Opecfui.r&fibﬁﬁ UEra] level. The scaled pilot data is provided to switch 230
which directs the data from pilot channel 232 to the proper summer 240. In
15 the exemplary embodiment, the spreading with the corresponding short PN
sequences is performed within modulator and transmitter 114.
The hardware as described above is one of many embodiments which
can be used by a single base station to provide coverage to multiple sectors.
Another method and system for adaptive sectorized transmission are
20 disclosed in U.S. Patent Application Serial No. 08/495382, entitled
"DYNAMIC  SECTORIZATION IN A - SPREAD SPECTRUM
COMMUNICATION SYSTEM", filed June 27, 1995, assigned to the assignee
of the present invention and incorporated by reference herein. Yet another
method and system for transmission to particularized areas are described in
25 the aforementioned U.S. Patent Application No. PA446. Other hardware
architectures can also be designed to perform the functions described herein.
These various architectures are within the scope of the present invention.
A block diagram of an exemplary demodulator within remote station
6 is shown in FIG. 4. The forward link signal is received by antenna 132 and
30 provided to receiver 134 which processes the signal in the manner described
above. The digitized I and Q data is provided to demodulator 136. Within
demodulator 136, the data is provided to at least one correlator 310. Each
correlator 310 processes a different multipath component of the received
signal. Within correlator 310, the data is provided to short PN despreader
35 320 which despreads the I and Q data with the short PN sequences to obtain
the despread I and Q data. The short PN despreading is the inverse of the
spreading performed by the short PN spreader within modulator and
transmitter 114.
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Gompdul Bt o -SiaPatens Noovsa0ases, @acsied ARRIER DOT PRODUCT
CIRCUIT", assigned to the assignee of the present invention and
incorporated by reference herein. Dot product circuit 328 projects the vector
corresponding to the decovered data onto the vector corresponding to the
filtered pilot, multiplies the amplitude of the vectors, and provides a signed
20  scalar output to combiner 330. Combiner 330 combines the outputs from
correlators 310 which have been assigned to demodulate the received signal
and routes the combined data to long PN despreader 332. Long PN
despreader 332 despreads the data with the long PN sequence and provides
the demodulated data to decoder 138.
25 The pilot signal strength for a particular correlator 310 can be
computed from the filtered pilot from pilot correlators 326a and 326b. In
addition, the pilot signal strength measurements can be filtered to provide a
more reliable measurement. A method and apparatus for performing pilot
signal measurement are described in U.S. Patent Application Serial No.
30 08/722,763, entited "METHOD AND APPARATUS FOR MEASURING
LINK QUALITY IN A SPREAD SPECTRUM COMMUNICATION SYSTEM",
filed September 27, 1996, assigned to the assignee of the present invention
and incorporated by reference herein.

In many communication systems, repeaters are employed to improve

35 coverage and increase capacity. A repeater receives a signal from a source
device, amplifies the signal, and retransmits or rebroadcasts the signal to a
destination device. Generally, the repeater provides two-way
retransmission or rebroadcast of the forward and reverse link signals
between communicating devices. Typically, the repeater provides signal
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frequency conversion can also be provided but is not shown in FIG. 5A for
simplicity. The amplified signal is routed through duplexer 414 and
transmitted to the base station from antenna 412.

20 Repeater 8b as shown in FIG. 5B operates in the same manner as that
of repeater 8a in FIG. 5A. However, repeater 8b interfaces with the base
station through transmission line link 424, which can comprise a fiber optic
link, a coaxial link, or other links.

The partition of a cell into multiple sectors provides many benefits in

25 CDMA communication systems. First, capacity can be improved since the
traffic channels (e.g., Walsh codes) among the various sectors can be reused.
Second, reliability can also be improved through the use of soft handoff with
two or more sectors.

In the exemplary CDMA communication system disclosed in the

30 aforementioned U.S. Patent Application Serial No. 08/495,382, the base
station can be configured to provide communications through a single
sector or multiple sectors. The coverage area of the base station (or the cell)
can be partitioned into multiple sectors. The communications between a
remote station and the base station can occur through one or more sectors.

35 Each sector has the attributes of a cell (e.g., each sector having its own set of
traffic channels and its own pilot signal), except that the communication
through the various sectors of the cell are coordinated by a common base
station. For IS-95 systems, each sector is associated with a different offset of
the short PN spreading codes. Thus, by measuring the short PN offset of the
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i dent i fyi n§eqtors dwessestnss peseratgdrwith; the erflmathinnwhirly thesbase siptianedent
sector Oan%@lﬁtﬁd wha ind *B@r%g&qaﬁumé)gw&.i nvention. For each pil ot
e e : . .

O 2 T B o auarh Akborh 0ot e pStided ol SBig 1
pi | ot dat azhra dbpedtit O e ORAMUECAHOR bFRBHISCR! SROWNCRNTFIGIeSAL henal |
Coal es. tho i 64 bseion Ciocharil 1o, Brblidé SRexras fo tno secicis. One ™" "
: sector is associated with cell 22. The second sector is associated with repeater
15 8 which provides coverage to coverage area 26. In the exemplary
embodiment, both cell 22 and coverage area 26 are operated at the same
frequency and overlaps such that a remote station moving along road 30 can
be in soft handoff when located within shaded region 30. Base station 4 and
repeater 8 are part of a first communication system. _
20 In the exemplary diagram shown in FIG. 6A, communications in the
areas adjacent to cell 22 is provided by a second communication system.
This second communication system can be another CDMA system operating
at a different frequency or a system of an alternative communication
technology, such as AMPS. Base station 14 of the second system provides
25 coverage to cell 24. Similar to the first system, base station 14 can also be
operated in a multi-sector mode to provide coverage to adjoining coverage
area 28 through repeater 18. Note, in this example, the coverage area 26 is
co-located within cell 24.

A second exemplary diagram of the coverage provided by a base
30 station and a repeater is shown in FIG. 6B. In FIG. 6B, coverage area 26
overlaps cell 24 but is not completely contained within cell 24 (as is the case
in FIG. 6A). Coverage area 26 can be used to bridge the coverage between the
first and second systems. Repeater 18 is not shown in FIG. 6B for simplicity.
' A third exemplary diagram of the coverage provided by a base station
35 and a repeater is shown in FIG. 6C. In FIG. 6C, coverage area 26 overlaps cell
24 but is not co-located within cell 24. Furthermore, cells 22 and 24 are non-
adjoining such that handoff between base station 4 to base station 14 is not
possible without an intermediate handoff to repeater 8. Again, repeater 18 is
not shown in FIG. 6C for simplicity.
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PN offset or the Walsh code of the pilot s1gnal) to base station 4. Base station
4 compares the reported pilot signal strength against a predetermined add
threshold and can add repeater 8 to the active set of the remote station if the
pilot signal strength exceeds the predetermined add threshold. The active
20 set comprises the list of base stations (and/or repeaters) through which
active communication is established. Base station 4 can then direct soft
handoff of the remote station in accordance with the method described in
the aforementioned U.S. Patent Nos. 5,101,501 and 5,267,261. In the present
invention, handoff of the communications between the remote station and
25 Dbase station 4 to base station 14 can be accomplished in one of at least four
embodiments.

In the first embodiment, the first system initiates a handoff of the
communications between the remote station and base station 4 to base
station 14 upon initiation of a soft handoff with repeater 8. Referring to

30 FIG. 6A, coverage area 26 is co-located within cell 24. This can be ensured
during the system planning stage and by proper placements of the base
stations and repeaters. In this case, the first system is reasonably assured that
a remote station which is in soft handoff with repeater 8 is also within the
coverage area of base station 14. This information can be used to initiate the

35 handoff to base station 14 when the remote station is within the coverage
area of repeater 8.

In the second embodiment, the first system initiates a handoff of the
communications between the remote station and base station 4 to base
station 14 upon measurement of a sufficient pilot signal strength from




12 The despread | data is provided to nultipliers 322a and pi‘l ot

correl atorg, gﬁ??pd the despread Q data is provided to. ml tgdilR8es23820
and pilot correlators 326b. l\/UItlleers 322a and 322b multiply the I and

data, respectively, wth the Wal sh sequdfice (W) assigned to that

b ovi ded 1 JeREREH S Aoiis ERbeslinER ”°%'4p' s PoBRgH With efeater
Y ML el Pl S
accunul 3tor’§n§’fﬁ géaq'ﬂf‘o\ﬁsdgfa"ﬁ%stg& Eg‘%ﬁiﬁ%‘" ‘i&ﬁfﬁ %%ﬁg\:jﬁhg% e|nli;%:ors
326 3 d t

(PY%) "S55 G L b Sl At et Sl e ORGPt

si gnal . gTh% ursgrrag Cfg{;gl S prdavi d&F yoﬂo 08%1 crreu % gB‘

conput ei t Hearathoff mfcthemmmtxm \flsmncbﬁe(sttatmrplﬂ tst basedstation)14 npan
32815 deschiBRieA nofid herdBEF IR, AedliV ¥ SREL HOREsefafelhesfae i
"P| LOT CARRIiSeomERtionroDoCTthe) Rtgmmuma%ts%med {nstead, othei gremoter stasion
present i nveph Lrﬁfésaﬂijn{é&ﬁﬁfé)%@ ggrg f&y fene! pehter 6’5ﬁﬁ orts’ Cui t

328 projects the vector corr th ecovere data onto e.vector
corres ﬂjﬂndlﬁhg MEasREEIENtS et aﬁ P@tﬂonr’rﬁ{ t Basie %tlpﬁe%ﬁ%‘l compargith ?ﬁé‘ lot

\éggt or fm aﬁﬂeﬁ%@é@rﬁ?&s? ag?ﬁi%da %ﬁedlété&\hﬁﬁe@uhﬁﬂﬁoffﬁ tlﬁféﬁhb})wrwm fsodH tner
conmol n e out puts m corre (0] ave peen, q n 0
dormodul at o Higher oah Shepredelammi add thiesildrobie UaY Sumtem waRary B
despreader Eﬁ?doﬁ@ﬁgh@Noﬁ&&m&&dms&%&mnﬂhe&@méth&stdﬁbﬁ amd basdigtattiong PN
sequence an i d T

pil ot si gna?t(g:bg‘a g&aﬁoﬁlhﬁ par Plk ﬁgr %%%l’lfq? gg‘ﬁgggﬁe%gé‘ rgBeate 1%]rom
t he fil%5er eabgie ahefpmdepemmmedohaaﬂafbrtbrebk@édanMG&cond embodlment

works well for the coverage illustrated by FIGS. 6A-6B.

The predetermined handoff threshold can be set in accordance with
measurements of the pilot signal strength throughout coverage area 26 (e.g.,
pilot signal strength measurement along road 30) or can be set in accordance

20 with computation of the expected pilot signal strength (e.g., using effective
radiated power (ERP) and rt propagation law, where r is the distance from
repeater 8). As an example, the predetermined handoff threshold can be set
5 dB higher than that of the predetermined add threshold, although other
values can be used based on system design and are within the scope of the

25 present invention.

In the third embodiment, the first system initiates a handoff of the
communications between the remote station and base station 4 to base
station 14 when base station 4 is dropped from the active set of the remote
station. In the exemplary embodiment, the remote station periodically

30 measures the pilot signals of the base stations and repeaters within its active
set and reports these measurements to the active base stations. The active
base stations compare the pilot measurements against a predetermined drop
threshold. If a pilot measurement is below the predetermined drop
threshold, the base station corresponding to this pilot signal is removed

35 from the active set of the remote station as described in the aforementioned
U.S. Patent Nos. 5,101,501 and 5,267,261. In this embodiment, if the pilot
signal from base station 4 is below the predetermined drop threshold, the
first system can presume that the remote station has traveled well within
cell 24. Thus, the first system initiates the handoff of the communications
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stahon The fourth embodlment works well for the coverage illustrated by
15 FIG. 6A.

In the fifth embodiment, the first system initiates a handoff of the
communications between the remote station and base station 4 to base
station 14 when both base station 4 and repeater 8 are dropped from the
active set of the remote station. In this embodiment, communications

20 between the remote station and base station 4 and/or repeater 8 is
maintained for as long as possible. However, if the pilot signal strength of
base station 4 and repeater 8 is below the predetermined drop threshold, the
first system presumes that the remote station has traveled beyond the
coverage area of the first system. Thus, the first system initiates the handoff

25 of the communications between the remote station and base station 4 to base
station 14 when both base station 4 and repeater 8 are dropped from the
active set of the remote station. The fifth embodiment works well for the
coverage illustrated by FIGS. 6A-6C.

The second, third, and fifth embodiments described above provide

30 hysteresis which minimizes the ‘ping-ponging’ of handoffs between two
systems. In the second embodiment, the hysteresis is provided by the
difference between the predetermined add threshold and the predetermined
handoff threshold. And in the third and fifth embodiments, the hysteresis
is provided by the difference between the predetermined add threshold and

35 the predetermined drop threshold of the base station and the repeater.

Although the handoff described above occurs during active
communication . between the remote station and the base station, this
handoff to the second system can also occur while the remote station is idle.
As the remote station travels along road 30, the pilot signal of repeater 8 can
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Division Multiple Access (CDMA) Personal Communications Systems”.
Other embodiments to perform handoff in idle mode can be contemplated
and are within the scope of the present invention.

20 Although only one repeater is shown in FIGS. 6A-6C for the first
system, multiple repeaters can be employed. Repeaters can be employed to
extend the coverage area from which handoff can be performed.
Furthermore, repeaters can be employed to link non-adjoining coverage
areas of the two systems (e.g., repeaters connected in serial manner). The

25 system initiating the handoff has a priori knowledge of the particular
repeater which overlaps the neighboring system. The system uses this
information and the report of the identity and/or pilot signal strength of
this repeater to initiate the handoff.

The present invention can also be practiced using a pilot beacon

30  which transmits only the pilot signal (and no traffic channels). The use of
the pilot beacon can be used in conjunction with the first three
embodiments described above. The pilot beacon produces minimal
interference to the surrounding coverage areas while providing the
necessary pilot identification and signal strength measurements. In general,

35 any signal transmitted from the repeater or pilot beacon can be used assist
with the handoff process.

The previous description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to




f4 -pilot signal transmitted by a particular sector, the identity of that
sector can WOMRIHIN ned. |In the exenplary enbodi nent, the bXECA/USIBRIA, | s
configured to provide coverage to two orqgore sectors. One or nore sectors
can be 5 associated with the coverage area surrounding the base station.
The renai ni figpseeskilled malnhé)erasacdzlthé nigrichp nnpqﬂéserdefmuchemin pipchd at
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comuni cit i witls yie poisiciples twuﬁmovelFﬂeatumA disclosed Berein, base station 4 is
operated to provided coverage to two sectors. One sector is associated with
cell 22. The second sector .is associated with repeater 15 8 which provides
coverage to coverage area 26. In the exenplary enbodi nent, both cell 22
and coverag?c§J§$426 are operated at the same frequency and overlaps such
that a remptée station nmoving along road 30 can be in soft handoff when

| ocated within shaded region 30. Base station 4 and repeater 8 are part of
a first communication system 20 . In the exenplary di agram shown in
FI G 6A, conmunications in the areas adjacent to cell 22 is provided by a
second conmuni cation system This second conmuni cati on system can be

anot her CDVA systemoperating at a different frequency or a system of an

al ternative comuni cation technol ogy, such as AMPS. Base station 14 of the
second system provi des



25 .coverage to cell 24. Simlar to the first system base station 14 can
al so be operated in a nmulti-sector node to provide coverage to _adjoining
cever age aré"ép%%”f’ﬁrough repeater 18. Note, in this exanple, Y%U%%@é%@ge
area 26 is co-located within cell 24. A gmcond exenpl ary di agram of the
coverage provided by a base 30 station and a repeater is shown in FIG 6B.
In FIG 6B, coverage area 26 overl aps CEAIMS but is not conpletely
contained within cell 24 (as is the case in FIG 6A). Coverage area 26 can
be used to bridge the coverage between the first and second systens.
Repeater 18 is ndk. shommethdd Gor performingnhandoffyof A rehmote statiopl from a

di agram od tg . V] ' rrepeater is
shown in I(ﬁi&‘g Eéggﬁe%éaﬁﬁ%g"‘é&?g\‘}?aasgﬁ %?@5%‘2&%@%}? gb%g’%gﬁﬁﬁm but is not
co-l ocated wit hi imeasuring a sighahsirengih measuzement of 2signak fram-a zepester ng
such t hat g hajoapkfrebfdtsagnidrse station 4 to base station 14 is not possible
w thout an internedi ate handoff to repeater 8. Again, repeater 18 i s not
shown in FIG 6C 9OnPating the signal sﬁmﬁmeéﬁemmam @rfiscﬁemﬁtqr 3gaanst; 3 st
system haé gpRedetdrmiliedwldlidereshold; e@ider age area 26 overlaps cells 22 and
24. The first system al sg has Jori_know edge that. base station 14 is
control | ed by the‘“f%%%%%&&ﬁ?ﬁﬁﬁ‘ THROBSR PerFflullgrﬂfcngngmPam SteR- st
systemis connected to the second 5 - systemand can initiate a handoff of -
a rempte station §romihephid3l WEfaﬁK‘*%ﬁéﬁ%ﬁ?ﬁQ%@gﬁé’ls §£H t%lg r[eﬁ&at@f?ée”t-
invention, as the renpte station noves fromthe TIrrst¥ systemto the second
system a?nd ¥ pilet gignah, repeaters can be used to initiate a handoff of the
renote station between the two systenms. Referring to FIG 10 6A, assune

that the renote sjati moves al ong..road, 30 from|eft to right.
_ 4 a1 oy mea'\oc{ of claim 2 Wherein tLe repeater fransmit a pilot

2 Dbeacon.

4, The method of claim 2 wherein the pilot signal from the
2 repeater is identified by an offset of short PN spreading sequences unique
from the offset of the short PN spreading sequences of the first base station.

5. The method of claim 1 wherein the pilot signal from the
2 repeater is identified by a Walsh cover unique from the Walsh cover of the
pilot signal of the first base station.

| 6. The method of claim 1 wherein a coverage area of the repeater
2 overlaps a coverage area of the first base station.

7. The method of claim 1 wherein a coverage area of the repeater
2 overlaps a coverage area of the second base station.

8. The method of claim 1 wherein a coverage area of the repeater
2 is co-located within a coverage area of the second base station.

9. The method of claim 1 wherein the first base station and the
2 repeater both operate on a common frequency.

| 10. The method of claim 1 wherein the second base station
2 operates on a frequency different from the frequency of the repeater.

A




Initially, the renote station is located in cell 22 and comunicates with
base stati oWOPY2EM7t he renmpte station travels into the shade®GYEH8RAS2Y,
‘tkhe renpte station also receives the piley signal fromrepeater 8. The
‘renpote station denodul ates the pilot signal fromrepeater 8, determ nes the
identity 15 of fhe ndhepmethodaof qlelfmrl svhereipi the repeatat commupicatesd
Pdentity of eufith ¢ é‘ﬁrméﬁfefsigﬁoﬁrthf&gg | e hres@8Q 18iKk t he pilot signal) to
base station 4. Base station 4 co es the reported pil ot signal strength
agai nst a predeterm ned add thr eshol d and can add repeater 8 to the active

set of the renot QZStatI‘HénnﬁéthbHeolP'élQﬁnsl%Hére’iﬁr&{lgtr 8atef Cdmhfignicates
predeter ned a?h .h .The.active set .cogpriges the [ist of base
‘F&:‘ﬁ %ﬁess)

stations aﬁ‘f}ﬂb atign theaughia. a&ﬁ'ﬁ‘%ﬁéo% -ation is

establ i shed. Base station 4 can then direct soft handoff of the renote

station in accor ce t ri be rrent i oned, U S.
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't he conm2ni d:«aquom;lebeomget tmarpkmaht)sbﬁtsemmrarm XBctdroassosiated ovith the

base statiog%%%t&an be acconplished in one of at |east four enbodinments. In
|

the first e ment, the first systeminitiates a handoff of the
communi cati ons betvveen the renpte station and base station 4 to base

station 14 upon iajti gheomethod csfoélauhmlﬂ{efrem Ttl"i'e’iﬁi% tﬁelBﬁH‘%fffb

30 FIG ,pA, coverag gfl a 26 i.s.co cated wt é{a Thi's %g
ensured. dur IHBSHABAEGAF & SHEnAl SHEnEta JBeamra)en: ob dhe SFRRUAE ReeRs §
base st ati opsedetdrmimpehtddsthreshdldi s case, the first systemis reasonably
assured that a renote station which is in soft handoff with repeater 8 is

also within the coverage area of base station 14. This information can be
used to initiatelbhe emmmdbftc&amaiefus&mrlmmpﬂm ethetstep rofnot e station

is wthimthe co ﬁtﬁgﬁ,-" %??e{n e
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station and psedetermined handpéf hreshold; and
4 wherein the initiating the handoff step is performed if the signal
strength measurement of the repeater exceeds the predetermined handoff

6 threshold.

16. The method of claim 15 wherein the predetermined handoff
2 threshold is set higher than the predetermined add threshold.

17.  The method of claim 15 wherein the predetermined handoff
2 threshold is set in accordance with signhal strength measurements
throughout a coverage area of the repeater.

18.  The method of claim 15 wherein the predetermined handoff
2 threshold is set in accordance with computed signal strength throughout a

coverage area of the repeater.

19.  The method of claim 1 further comprising the steps of:

2 measuring a signal strength measurement of a signal from the first
base station at the remote station;
4 comparing the signal strength measurement of the first base station

against a predetermined drop threshold; and

\

L mhm



Station 14 upon measurenment of a sufficient pilot signal strength from
16 repeat ewm9/21M7t hi s enbodi ment, base station 4 initiates RGIARIBRSAWt h
mepeater 8 when the reported pilot signagh strength of repeater 8, as
measured by the renote station, is above the predeterm ned add threshold as
descri begl above wlhdrevethe hiitiatingothe dymdofé st isgperfmmméed if otheosigred

‘&h

e
w thin cell 22 as 11| 4 by, Fl GS.. 6B- fi not
i medi at el ftﬁeﬁ'gﬁf gg%anginxg%H a%t?ﬂ}%ga{eoﬁﬂﬂﬁﬁgfo%% X o%*%%%é@i’gq %Sﬁ to
base st &8 i dhrésholghon initiation of a handoff with repeater 8, since doing
so may result in disconnection of the conmunications. Instead, the renote

station continues to neasure the gl.l ot signal strength fromrepeater 8 and

reports 10 t he 28eas Thenmethod of d9awherein thedodiating the handeff steppar e
s . o SEHP:
st hi orter TF PRLioFHR 3 G0°Ehsal PERIR HEHASCMURRTOY the KePRORr e B

t he handof fsigmalt rdrengthvurmeasurementt fe rthenebasenustationat axsn” helowadhe
station %8 %@Qﬁﬂd’g he reported pilot signal strength of
ét}ﬁ'ea% aéddq?ue gree

repeater 8°%'s ove t term ned handoff threshold. The second
enbodi ment works well for the coverage illustrated by FIGS. 6A-6B. The
predeterm ned handof A thsRMFol BRI handofC 68 A BteMstdtidTe Feeanc BB Nt S

of the pilot sjgnal stréngth thrQughout coverage. area 26 (e.g., pilot
signal <4 r dirgt haseesiation 4o R sesPBAPAsE £atier) compEsingie set in accordance 20

wi th conputation gipehft® ®RRetRU tdthetfirst BAK statibf ok providing &l%i%iﬁal to
effectlvE rgdl at ed pov¥er (ERP) and r propagation |aw, where r is the
di st ance® f O EBUHGSHRUSY. As an exanpl e, the predeternined handof f

threshol d can be fisit systih kontrellet bennedted toftht fzspbastestationned add
threshol éj o alt hoauscleréogahs%rgtem controller connected to the second base station and to
the first system controller; and
8 wherein the handoff is initiated by the first system controller based on

measurement of the signal from the repeater at the remote station.

22,  The system of claim 21 wherein the signal from the repeater is
2 a pilot signal. .

23.  The system of claim 22 wherein the pilot signal from the
2 repeater is identified by an offset of short PN spreading sequences unique

from the offset of the short PN spreading sequences of the first base station.

24. The system of claim 21 wherein a coverage area of the repeater
2 overlaps a coverage area of the second base station.

25. The system of claim 21 wherein the first base station and the
2 repeater both operate on a common frequency. '

26. The system of claim 21 wherein the second base station
2 operates on a frequency different from the frequency of the repeater.

27.  The system of claim 21 wherein the repeater is connected to the
2 first base station through a terrestrial link. '
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val ues can be used based on system design and are within th péhr9ig t he
25 preserWoi9m'é7ﬁYi on. In the third enbodinent, the first systeminitiates
& handoff of the comunications between23he renpte station and base station .

4 to base station 14 en base_sjati i s.dropped fromthe actjye t of
the renote stat#®n. eﬁxﬁtegkeﬁﬁ*%gﬂﬁﬁﬁfb%%?ﬁ&%f*?re%%‘%‘* g‘ﬁ the
peri odi oal fiystIhse Feason ehrduph aittansmisgionl lnefliilhe base stations and
repeaters wthin its active set and reports these neasurenents to the

active base stations. The active base stations conpare the pil ot
measur ement s agd.nst The pysttah afrdlaie 21 wihetréire shio handoff ds mnitiatedrdfisheenent

is below the pyedeter,mned drop thr old. the base,s | p i ng
Lo thi o201 Pigna SERREH ShramGEaIPoof Fhe fepretts PRESS bk fREan R

station astikeshblded in the aforenentioned U S. Patent Nos. 5,101,501 and
5,267,261. In this enbodinent, if the pilot signal frombase station 4 is

bel ow the predeterm ned drop threshold, the first system can presume that
the renote statBon hTbet systerheof cim ®iltwhereinl theharkloff, istindtistedsif eyst em

initiat th dof f th ' [ . het. [
and base seapbinet: BieasifeaeRy ok §RR 18 st TRIaV F shPIaRhel O
the activedsep thfeshobd.r enote station. The third enbodi ment al so works wel |

for the coverage illustrated by FIGS. 6A-6B. In the forth enbodi nent, the
first systeminitiates a handoff of the 5 comrunjcations between the renote

station and bas8lst affhensystem pfictaim 21 wherein.the handoff dp inifiated; abged

fromthe agid ' thiibf SN afeNBighal strength -
comuni ?at %%gﬁl\sé?bsgfén e {x{i&gs{?génfgtélgt Z%%Hle(;r?ag%(rjh Ir‘lg:E)ea\ter g isIgEn\gi nst (?r}]ged for

n
as | ong asepsyrement pfths egpeater arg.belowa Ruegielgrmined g?”e?lé?)l ater 8 is

bel ow t he predeterm ned drop threshold, the

M



10 .first systempresunes that the renote station is within the coverage
area of the_se system Thus, the first systeminitiates of
t he com’runiwgﬁggﬂg”bet ween the renote station and base stati %ﬁ'ﬁﬂﬁg{kgg’ge
station 14 when repeater 8 is dropped fromthe active set of the renote
station. The fourth enbodi nent works well for the coverage illustrated by
15 FIG 6A In the fifth enbodinent, the first systeminitiates a handoff
of the communications between the renote station and base station 4 to base
station 14 when both base station 4ﬁfnd repeater 8 are dropped fromthe
active set of the renote station. I'n"this enbodi nent, comunicati ons 20

bet ween the fenote station and base station 4 and/or repeater 8 is

mai ntai ned for as |ong as possible. However, if the pilot signal strength
of base station 4 and repeater 8 is below the predeterm ned drop threshold,
the first systempresunes that the renote station has travel ed beyond the
coverage area of the first system Thus, the first systeminitiates the
handof f 25 of the conmunicati ons between the renntiﬁ ation and base
station 4 to base station 14 when both base station %%nd repeater 8 are
dropped fromthe active set of the renote station. g&fifth enbodi ment

wor ks well for the coverage illustrated by FIGS. 6A-&& The second, third,
and fifth enbodi nents descri bed above provide 30 hygteresis which

m nimzes the 'ping-pong\ng’ oNR{ndoffs between t $stems. In the second
enbodi nent, the hysteres i gvp ded by the differ@ga€e between the
predeterm ned add threstjg¥d anQ ‘Ve pr edet er m ned handdff threshold. And in
the third and fiftif egppdi ment s¥t he hysteresis is ovi ded by the

di ff erence between 17 predeternfned add threshold And 35 the

pr edet er mi ned drop gghold of fhe base station d the repeater. Although
t he handoff descri ¢ ove occufs -during active Lomuni cation between the
‘renpote station and/the base stat}on, this
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handoff to the secdnd system can al so occur while the renote station is
idle. As thworeawise station travels along road 30, the pil ot pergsssr2s2ie
_repeater 8 can 18 be neasured. In the first enbodi nent for idle-node
handof f, the renpte station reports the pilot neasurenents to the first
system The first systemcan direct the handoff to the second system using
any one of the enbodi nents described above. The handoff can be acconplished
through 5 interface nmessages which ar@/8ransmtted between the base
stations and the renote station. In the second enbodi ment for idle-node
handoff, the renpte station nonitors for a global redirection nessage which
i s broadcast over the coverage area of the repeater. The gl obal redirection
(e.g., an AWP 10 systen). In the third enbgd} ment for idle-node handoff,
the rempte station nonitors for an extlended |nei ghbor [ist nessage which is
broadcast over the coverage ara of Sled dal er. The extended nei ghbor

| i st message can indicate thatthe oﬁlyE§ dghbors for this renpte station

are on another frequency or andther s The extended nei ghbor 1i st
nmessage is 15 described in the COVA staglard entitled "ANSI J-STD- 008:

Personal Station-Base Station npat i ==t4=y—=Requi renments for 1.8 to 2.0 Gz
Code Division Miltiple Access [ CDWA) FerE%neI:Cbnnunications Syst ens".
Qther enbodi ments to perform handof fggIn il 4 pode can be contenpl ated and
are within the scope of the present t{lvedii gnt 20 Al t hough only one
repeater is shown in FIGS. 6A-§C for \thegi rIs} system nultiple repeaters
can be enpl oyed. Repeaters cantbe enpl o' extend the coverage area from
whi ch handoff can be perfor meg, ;
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Furthernmore, repeaters can be enployed to |ink non-adjoining coverage areas
of the two weeemrsa7(e. 9., repeaters connected in serial manneQrushhes21d
systeminitiating the handoff has a priori know edge of the particul ar
repeater which overlaps the neighbaygng system The system uses this
information and-the report ofgsthe identity qﬁd/or pil ot signal strength of
this repeater to initiate the handoff. §he present invention can al so be

practiced using a pilot acog 30 i ctr traQ>nitEionly the pilot signal
(and no traffic channels) 81 Df t j igé% dcon can be used in
conjunction with the firs hrie® podi s pg& E bed above. The pil ot

beacon produces mnimal interf 2 to the sk #di ng coverage areas

bn and signal strength
measurements. I nygeneral, 35 “amk-s gnal “{ransmd £4°fromthe repeater or
pfocess. The previous
dped to enable any person
eption. Thervarious
apparent {o t hose
fined hereih may be

description of tHe preferred g
skilled in the ant to make or%
modi fi cati ons to |these enbodi n¥
skilled in the anrtg and the gene

c principles

appli ed to ot her ,&Qpotitrert-s—wi-t+ fre—tSe—ott ; ve faculty.
Thus, the present' \nvention is not i“nBenéd™®o be linmited th)the
enbodi ments shown herel A but I's topbe accordeg the W dESTA scope consi stent
5 with the pringip-es nqvel ures. disdlased hereiln { CLAI M
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CLAI M5 1. A met hod for performing handoff of a renote staty 2
first baseWOMIWA to a second base station conprising the gcg@éégg@@&
neasuring a signal strength measurenent of a signal froma repeater 4 at
the renote station; conparing t48 signal Etrength neasurenent of the
repeater against a 6 predeterm ned add tbBfeshold; and initiating the
handoff in response to a result of the c aring step. 2. The net hod of
claiml1l wherein the signal fromthe repe S? is 2 a pilot signal. 3. The
met hod of claim2 wherein the repeater t mt a pilot 2 beacon. 4. The
met hod of claim2 wherein the pilot sign& from the 2 repeater is

i dentified by an offset of short PN spre&li ng sequences uni que fromthe

of fset of the short PN spreadi ng sequenc of the first base station. 5.

W VR WL YR TR WM WA WL WM WM YR, W W WA WM VR Wm R W n W W WA W WM W W WM W W W S W e - s

signal, off the first base station. 6.
coverage area of the repeater 2 overlap §§
station. «. The method of claim1 whafeh

2 overlapg a coverage area of the secdffl
claim1 wherein a coverage area of the\{
cover age drea of the second base statio
wherein tHe first base station and the

verage area of the ¥irst base

coverage area of tdhe repeater

station. 8. The et hod of

er 2 is co-located within a
The method of claimi

ater both operate on a conmmon

frequencyan 10. Th® nethod of claim 1 whglein the second base station
\ o
g: \ VOSmm=—Zme
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2 aperates on a frequency different fromthe frequency of the'repeater.
21 11. Thewgyoaotk7of claim 1 wherein the repeater comuni capes/usoses2io t he
. fdrst base station through a terrestrial link. 12. The nethod of claim1l
wherein the repeater comunicates 2 with the first base station through a
transm ssion line link. 13. The nethod of claim1 wherein the first base
station is operated 2 to provide c%ygrage to a plurality of sectors, on
sector associated with the repeater”¥14. The nmethod of claim 1l wherein the
initiating the handoff step 2 is performed if the signal strength
measur enent of the repeater exceeds the predeterm ned add threshold. 15.
The nmethod of claig 1l further conprising the step,of: 2 conparing the
_ signal strengt surenment of the repeater ag E a predet erm ned handof f
t hreshol d; and #O wherein the initiating Ghandof f step is performed
if the signal Eﬁgth measur enent of the repe £ exceeds the
pr edet er m ned I& ff 6 threshold. 16. The ne & of claim 15 wherein the
pr edet erm ned ha d8ff 2 thresho is set higher fan the pr edet gam ned add
t hreshol d. 17. e met hod of cﬁi m 15 wherei n t#e predeterm negnhandoff 2
threshold is set {jiyn accordance weth signal strenguh neasurenents .t hr oughout
a coverage area t he repeater(DlS. The met hod¥qf clai m 15 wh&Dein the
predet erm ned handgff 2 threshoﬁl is set in accorgance with conmt ed signal
strength throughout a
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5overage area of the repeater. 19. The nmethod of claim11 further

conpri si ng WR89274ps of : 2 measuring a signal strengt hPOB&SIS2S2Nt Of
& signal fromthe first base station at the renote station; 4

conparing the signal strength neasurenent of the first base station against
a predeterm ned drop threshold; and 22 6 wherein the initiating
the handoff step is perforned if the signal strength neasurenent of the
base station is bel ow the predeterqyﬁed drop 8 threshold. 20. The nethod
of claim 19 wherein the initiating the handoff step 2 is perforned if the
signal strength neasurenent of the repeater and the signal strength

nmeasur enent of the base station are below the 4 predeterm ned drop
threshold. 21. A systemfor perform ng handgff of a renote station from a
2 first base station to a second base statign conprising: a repeater
connected to the first base station_for profiding a signal to 4 the renote
station; a first systemcontrg gdd to the first base station; 6
a second systemcontroller d sSscond base station and to the
first systemcontroller; J handoff is initiated by
the first systemcontro Qf the signal fromthe
repeater at the renote/station. 22. The ystem of\claim21 wherein the
signal fromthe repeatfer is 2 a pilot signal

FIG. 6A

22



23.© The system of claim 22 wherein the pilot signal from the 2-
repeater isWQ8%¥7%47 ed by an of fset of short PN spreadi ng secpeEsosysasnoque
fromthe offset of the short PN spreadi ng sequences of the first base
station. 24. The systemof claim21 wherein a coverage area of the
repeater 2 overlaps a coverage area of the second base station. 25. The
systemof claim21 wherein the first base station and the 2 repeater both
operate on a comon frequency. 26. The system of claim 21 wherein the
second base station 2 operates on a7f§equency different fromthe frequency
of the repeater. 27. The system of claim 21 wherein the repeater is
connected to the 2 first base station through a terrestrial |ink. 23 28.
The system of claim 21 wherein the repeater i connected to the 2 first
base station through a transm ssion line lin{f. 29. The system of claim 21
wherein the handoff is initiated if—tire~ gnal strength neasurenent of
the repeater exceeds a predeterm ned add thifesghol d. 30. The system of

_ ' signal strength
measur enent of the base syation is below a &' m ned drop threshol d.
31. The system of cl ai i§initiated if a 2 signal
strength nmeasurenent of/the base station ghd the sidnal strength
measur enent of the repgater are bel ow a pfedeterni ne drop threshol d.

FIG. 6B
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