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(57) Abstract

A method and apparatus for providing a reliable means to perform handoff from a code division multiple access (CDMA) system
using a pilot signal to an altemative access technique system. Simple pilot box circuitry (350) is added to a set of border base stations
(C2a - C2g). The border base stations (C24 - C2g) are base stations which operate only in the alternative access technique and which have
coverage areas which are contiguous with coverage areas of CDMA operation base stations. The mobile unit monitors for the pilot signal
from the border base stations {C2x - C2g) in the same manner as it monitors for pilot signals from the CDMA operation base stations (Cla
- Clg). When the mobile unit detects the pilot signal comesponding to a border base station (C2a - C2g), it notifies a system controller
{202) in accordance with standard operation. The system controller (202) is aware that the pilot signal corresponds to a border base station
(C24 - C2gr) and thus triggers a hard handoff process to the alternative access technique system in response thereto.




unit is provided with a list of code phase offsets corresponding to

nei ghbori ng base stations surrounding the base station_through which
commanicatton 1s established. The nobile unit is equipped with a searching
receiver or elenment that allows the nobile unit to track the signal 35
strength of tweopsie? signal froma group of base stations i RIS e
nei ghbori ng base stations. A nethod and a systemfor providing a

comuni cation with the nobile unit through nore than one base station
during the handoff process are discl osed in {).S Patent No. 5,267, 261,
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present invention. Using this system conmunication between the nobile unit
and the end user is uninterrupted by the eventual handoff from an original

base station to a subsequen w f may be
considered 5%a "soft" handh&&ﬁ MMM% subsequent
base station is established before communication wth the original base
" statron i s ternlnEiekdof IhviehGofobi l e unit is in comunication with two

base stations, a single signal for the end user is created fromthe signals

from each base st at | OThdprevefie irtventionOfeldtes wednmn&mﬁ%ysteﬁlsslbaﬂmmarl
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. the pilot si
= multiple access system to an alternative technology system.

I1. Description of the Related Art

15 In a code division multiple access (CDMA) cellular telephone system
or personal communications system, a common frequency band is used for
communication with all base stations in a system. The common frequency
band allows simultaneous communication between a mobile unit and more
than one base station. Signals occupying the common frequency band are

20 discriminated at the receiving station through the spread spectrum CDMA
waveform properties based on the use of a high rate pseudonoise (PN) code.
The high rate PN code is used to modulate signals transmitted from the base
stations and the mobile units. Transmitter stations using different PN codes
or PN codes that are offset in time produce signals that can be separately

25 received at the receiving station. The high rate PN modulation also allows
the receiving station to receive a signal from a single transmitting station
where the signal has traveled over several distinct propagation paths.

In an exemplary CDMA system, each base station transmits a pilot
signal having a common PN spreading code that is offset in code phase from

30 the pilot signal of other base stations. During system operation, the mobile
unit is provided with a list of code phase offsets corresponding to
neighboring base stations surrounding the base station through which
communication is established. The mobile unit is equipped with a
searching receiver or element that allows the mobile unit to track the signal

35 strength of the pilot signal from a group of base stations including the
neighboring base stations. o

A method and a system for providing a communication with the
mobile unit through more than one base station during the handoff process
are disclosed in U.S. Patent No. 5,267,261, issued November 30, 1993, entitled

40 "MOBILE STATION ASSISTED SOFT HANDOFF IN A CDMA CELLULAR



strength of several sets of base stations as neasured by the nobile unit.
The Active Set is the set _of base stations through.which active--

conmuni cation is established. The Neighbor Set is a set of base stations
surroundi ng an active base station conprising base stations that have a
hi gh probabi | WO9%¥10T8aving a 15 pilot signal strength of suf RSP o
to establish conmmunication. The Candidate Set is a set of base stations
having a pilot signal strength of sufficient |evel to establish

comuni cati on. When comuni cations are initiglly established, a nobile un
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and cormuni cati ofs tal?l %exgﬁgor isaseto ases t?ons surrounding an active

base station comprising base stations that have a high probability of having a
15 pilot signal strength of sufficient level to establish communication. The
Candidate Set is a set of base stations having a pilot signal strength of
sufficient level to establish communication.
When communications are initially established, a mobile unit
communicates through a first base station and the Active Set contains only
20 the first base station. The mobile unit monitors the pilot signal strength of
the base stations of the Active Set, the Candidate Set, and the Neighbor Set.
When a pilot signal of a base station in the Neighbor Set exceeds a
predetermined threshold level, the base station is added to the Candidate Set
and removed from the Neighbor Set at the mobile unit. The mobile unit
25 communicates a message to the first base station identifying the new base
station. A cellular or personal communication system controller decides
whether to establish communication between the new base station and the
mobile unit. Should the cellular or personal communication system
controller decide to do so, the cellular or personal communication system
30 controller sends a message to the new base station with identifying
information about the mobile unit and a command to establish
communications therewith. A message is also transmitted to the mobile
unit through the first base station. The message identifies a new Active Set
that includes the first and the new base stations. The mobile unit searches
35 for the new base station transmitted information signal and communication
is established with the new base station without termination of
communication through the first base station. This process can continue
with additional base stations.
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Is established with the new base station w thout term nation of

comuni cation through the first base station,_ _This process can continue
wi Th additional base stations. WD 96/ 31078
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cel lular or persefal R BF PaidoMAl communication system controller may decide to
10 terminate communications through the base station having a weak pilot
signal strength.

The cellular or personal communication 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

15 does not contain the base station through which communication is to be
terminated. The base stations through which communication is established
send a message to the mobile unit. The cellular or personal communication
system controller also communicates information to the base station to
terminate communications with the mobile unit. The mobile unit

20 communications are thus routed on]y through base stations identified in
the new Active Set.

Because the mobile unit is communicating with the end user through
at least one base station at all times throughout the soft handoff processes,
no interruption in communications occurs between the mobile unit and the

25 end user. A soft handoff provides significant benefits in its inherent "make
before break” handoff technique over conventional "break before make"
techniques employed in other cellular communication systems.

New CDMA systems are typically initially deployed in areas with
existing FM or other technology systems. The initial deployment of the

30 CDMA system may be gradual and cover only a portion of an operating area
covered by the original existing system. In such a case, as a mobile unit
communicating in CDMA mode drives from the coverage area of the
CDMA system to a portion of the system without CDMA coverage, a
handoff from the CDMA system to the original system is needed in order to

35 facilitate continuous communication. The process of mobile unit assisted
soft handoff as described above is not possible between the CDMA system
and the original system. The handoff from the CDMA system to the
original system must be performed as a "break before make"” hard handoff.



system control |l er al so conmuni cates information to the base station to
term nate comuni cations with the nobile unit. The nobile unit 20
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The present invention defines a method and apparaius for
performing handoff from a code division multiple access (CDMA' system
15 using a pilot signal to a second independent system. A set of base stations
form a border between CDMA operation and operation in the second
system. The border base stations themselves operate only on the second
system technology and are incapable of reception and demodulation of
CDMA signals. A pilot signal is transmitted from the set of border base
20 stations. As a mobile unit operating in the CDMA system approaches a
border base station, it receives the pilot signal from the border base station.
Just as the mobile unit would do upon reception of a pilot signal
corresponding to a CDMA base station, the mobile unit reports the reception
of the border base station's pilot signal to a system controller through the
25 base stations with which it is currently in communication. The system
controller is aware that the pilot signal corresponds to a base station
incapable of CDMA operation. - The system controller can communicate
with the system controller of the second system and negotiate the
availability of resources for the mobile unit in the second system. The
30 CDMA system controller can forward the resource information
corresponding to the second system to the mobile unit and order the mobile
unit to handoff to the second system. The mobile unit then performs a hard
handoff to the second system.
The pilot signal in the border base station in the present system is
35 produced by a simple box which can be easily and cheaply installed in
existing base stations. The pilot box requires only power to operate. The
pilot box may also have a connection to a system controller for monitoring
operation, configuration, and fault detection. The pilot box may also
transmit a synchronization signal.



4 When performng a hard handoff it is especially inportant to ensure that
t he handoff wll |

be successful because a failed hard handaff typically

reSsulTs 1n a dropped call. It is therefore the object of the present

i nvention to provide a nethod 5 and apparatus for perform ng handoff from
a CDVA syst enWa®681898st em enpl oyi ng a different technol ogy. |PCT/ESHOESEs or e
a further object of the present invention to provide an inexpensive and
reliable neans of detecting entry into the coverage area of an alternate
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FIG. 3 illustrates an exemplary embodiment of the pilot box
configuration.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates an exemplary base station coverage area structure. In
such an exemplary structure, hexagonal base station coverage areas abut one
another in a symmetrically tiled arrangement. Each mobile unit is located
within the coverage area of one of the base stations. For example, mobile
unit 10 is located within the coverage area of base station 20. In a code
division multiple access (CDMA) cellular or personal communication
telephone system, a common frequency band is used for communication
with all base stations in a system allowing simultaneously communication
between a mobile unit and more than one base station. Mobile unit 10 is
located very close to base station 20 and therefore receives a strong signal
from base station 20 and relatively weak signals from surrounding base
stations. However mobile unit 30 is located in the coverage area of base
station 40 but is close to the coverage area of base stations 100 and 110.
Mobile unit 30 receives a relatively weak signal from base station 40 and
similarly sized signals from base stations 100 and 110. If each of base
stations 40, 100, and 110 are capable of CDMA operation, mobile unit 30
might be in soft handoff with base stations 40, 100, and 110.

The exemplary base station coverage area structures illustrated in
FIG.1 and FIG. 2 are highly idealized. In the actual cellular or personal
communication environment, base station coverage areas may vary in size
and in shape. Base station coverage areas may tend to overlap with
coverage area boundaries defining coverage area shapes different from the
ideal hexagon shape. Furthermore, base stations may also be sectored such
as into three sectors, as is well known in the art. However base stations with



controller is aware that the pilot signal corresponds to a base station

i ncapabl e of CDVA operation. The systemcontroller can commuaicate with the ——
system control l er of the second system and negotiate the availability of
resources for the nobile unit in the second system The 30 CDVA system
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second systemto the nobile unit and order the nobile unit to handoff to
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coverage area st rofcsegtar:70, having a coverage area indica e coarse dashed lines 75.
Sector 50 also overlaps the sector 80, having a coverage area as indicated by
10 the fine dashed lines 85. For example, location 90 as indicated by the X is

located in both the coverage area of sector 50 and sector 70.

In general a base station is sectorized to reduce the total interference
power to and from mobile units located within the coverage area of the base
station while increasing the number of mobile units that can communicate

15 through the base station. For example, sector 80 would not transmit a signal
intended for a mobile unit at location 90 and thus no mobile unit located in
sector 80 is significantly interfered with by the communication of a mobile
unit at location 90 with base station 60. For a mobile unit positioned at
location 90, the total interference has contributions from sectors 50 and 70

20 and from base stations 20 and 120. A mobile unit at location 90 may
simultaneously be in soft handoff with base stations 20 and 120 and
sectors 50 and 70.

A method for providing communication with a mobile unit through
more than one base station during the handoff process is disclosed in U.S.

25 Patent No. 5,267,261 as described above. This type of handoff may be
considered a “soft” handoff in that communication with the subsequent
base station is established before communication with the original base
station is terminated.

New CDMA systems are typxcally initially deployed in areas with

30 existing FM or other technology systems. The initial deployment of the
CDMA system may be gradual and cover only a portion of an operating area
covered by the original existing system. For example FIG. 2 shows a system
where coverage areas Cl1, - Clg have base stations that are capable of CDMA
operation. A typical deployment of a new CDMA system places the higher

35 capacity CDMA capable coverage areas Cla - Cls in high traffic areas such as
a downtown area of a city. The lower traffic areas such as more suburban
areas which can be supported by the lower capacity original system may not
initially have CDMA capabilities. Coverage areas C24 - C2g have original




FIG 2 illustrates an exenplary base station coverage area structure 10

conprising the present invention: _and FIG _3 illustrates

enbodi-ment of the pilot box configuration. DETAI LED DESCRI PTI ON OF THE
PREFERRED 15 EMBODI MENTS FIG 1 illustrates_an
exenpl ary baW0%#30180on coverage area structure. In such an ’&M‘i"

structure, hexagonal base station coverage areas abut one another in a
symmetrically tiled arrangenent. Each nobile unit is located 20 wthin the
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t he actual cel I uI ar dn petypimahldeployment, the base stations within coverage areas

Cl5-Cls may also be capable of communication using the original
technology. Thus a mobile unit with an established original technology call
- in coverage areas C25 - C2g can continue to communicate as it moves into

15 coverage areas Cl, - Clg without changing to CDMA operation. The base
stations within coverage areas Cl, - Clg can support the call in the original
technology following a standard handoff procedure used by the original
technology system as controlled by original system controller 200. (Typically
the original technology will use hard handoff techniques for all handoffs

20 within the system.) However, when a mobile unit such as mobile unit 100
of FIG. 2 initiates a CDMA call and during the call exits coverage areas
C1, - Clg, a hard handoff from the CDMA system to the original technology
system is required to sustain uninterrupted communication.

The process of mobile unit assisted soft handoff as described above is

25 not possible between the CDMA system and the original system. The
handoff from the CDMA system to the original system must be performed
as a "break before make" hard handoff. When performing a hard handoff, it
is especially important to ensure that the handoff will be successful because
a failed hard handoff typically results in a dropped call.

30 Border 170, indicated as a thickened black line in FIG. 2, represents the
boundary between the CDMA capable base stations corresponding to
coverage areas Clj - Clg and the original system operation only base stations
corresponding to adjacent coverage areas C25, - C2r. In FIG. 2, mobile
unit 100 initiates a CDMA call with base station 120 of coverage area C15 and

35 then moves in the direction indicated by arrow 180. Mobile unit 100
performs a soft handoff between base station 120 and base station 150 of
coverage area Cl as directed by CDMA system controller 202. As mobile
unit 100 enters coverage area Clp, it is likely to be in soft handoff with base
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| esser or greater nunbers of sectors are envisioned. In a CDVA system each
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exanpl e, |ocationg@Q GQA land W?&Eﬁ' gk 6 g?ﬁe; %ﬁ&ﬁtﬁé béfoRP b hARE r&ﬁ&ﬁffaﬂse

area of sector 50 a tor I n dener ase station is sectorized
reduce the total P ence povver to and fromnobile units | ocated vmthln
the coverage area of tAs describedtabiovenawhobide iurndt gastici aﬁﬂg?mwlbactivé ODMA e

‘units that can cogyy &%&1{55 scédgr@.ugﬂmanﬁngaagnat A 5&fich 62 pifst3BhSs from
‘sector 80 would not, frans a sl.g
. 10 nexg onng ase Statiohs. lf the mobile unit finds a pilot signal of a nearby

base station of qualifying level, the mobile unit sends a message to CDMA
system controller 202 indicating the detection of the signal. The present
invention makes use of this existing process to facilitate hard handoff to the
original system.

15 In the present invention, a simple "pilot box" is added to the original
technology only base stations which are located in border coverage areas
such as adjacent coverage areas C24 - C2r of FIG. 2. The pilot box produces a
pilot signal which in the preferred embodiment is the same as the pilot
signal transmitted from the CDMA capable base stations where each base

20 station transmits the pilot signal at a time offset unique to it.

FIG. 3 shows a preferred embodiment of the pilot box configuration.
The pilot channel contains no data and therefore the pilot data input of pilot
box 350 is all zeros. The Walsh function for the pilot channel is the Walsh
zero function which is also all zeroes. Summer 310 sums the two zero

25 sequences. (The function of summer 310 is exceeding trivial and is shown
in FIG. 3 for explanatory purposes. In an actual implementation,
summer 310 may not be included and the pilot channel sequence summed
with the Walsh function could be implemented with a simple ground
potential or logical ‘0’ level.) The pilot sequence output of summer 310 is

30 input into summer 336 such that the I channel short code pseudonoise (PN)
sequence from I channel short code generator 332 is impressed upon the
pilot sequence. The pilot sequence output of summer 310 is also input into
summer 338 such that the Q channel short code pseudonoise (PN) sequence
from Q channel short code generator 334 is impressed upon the pilot

35 sequence. As noted above, in the preferred embodiment the I and Q
channel short codes are the same for every base station in the system but
offset in time from one another. To properly align the time offset, the pilot
box needs the universal time input which is provided to each base station in




intended for a nmobile unit at location 90 and thus no nobile unit | ocated
in sector 80 is significantly interfered with by the communication of a
mobiTe unit at |ocation 90 with base station 60. For a nobile unit
positioned at |ocation 90, the total interference has contributions from
sectors 50 alWN@%BIO® and from base stations 20 and 120. A nPEVPESEAISE ot

| ocati on 90 may sinultaneously be in soft handoff with base stations 20 and
120 and sectors 50 and 70. A nethod for providing communication with a
nobil e unit through nore than one base statigon during the handoff process

Is disclosed ingJ).S 25 Ratent : 267, 2 i_bed.,a Thi,s
of handoff may t;éjec,sgﬁ%frber@'& ﬁutpglgf?fs &Hﬂmfb‘? %%%ﬂ‘ﬁégé @B?T%M?’V

the subsequent Hilters 34G:and 342 respectively. stbbnddﬂtersMﬂnnd 342 may also Iset the
original base stgati Qf the §1 Eﬁﬂ?d InNgYpicdMinpleti &ithtiohs EheP! U§i§nal is

initially deploye 1,5t 1 ng —Moroher t echnol og

ed |r1 ar, ag
systens. The i nitfangmi fr#—.‘ﬁ epgaln SQreeesignals be gradual and cover
only a portién of anlavpmlnpuhgfbasehamd)fmee@m}s sﬂmnmdiglthednyecﬂhet optional I

system For exan@hfn t s ¢
Cl[err] have ba?e stgltlﬁ u%g?éc(r;p%] é’&% B_Gra |on d%’;pﬁelcoa
depl oynment of a é%/ngﬂﬁ‘%a&\E’e?? A Fignals, arppreddeds |
coverage areas THeeroutput (Eif[ sammern 3ddgthen aﬁbdalmdaammuw coBine d@wat

h
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have CDVA cd ablq}lt{q“é Q chaunel guignrls 2y summer) 346 @[%P}a]m%\m Mﬂ;ﬁrndetaﬂ

below. Again, summer 344 is optional and is not needed if no other signals
are provided. The output of summer 346 is then modulated with a sine
wave by mixer 322. The outputs of mixers 320 and 322 are summed by
summer 324. The output of summer 324 is provided to upconverter and
15 power amplifier 326 where the signal is upconverted to the carrier frequency
and amplified. The output of upconverter and power amplifier 326 is the
output of pilot box 350 which is transmitted from the antenna of the base
station within which pilot box 350 is installed.
During CDMA system operation, the mobile unit is provided with a
20 list of short code phase offsets corresponding to neighboring base stations
surrounding the base station through which communication is established.
This list may include the offset of the pilot signal of a base station in a border
coverage area if the mobile unit is in close proximity to the border between
CDMA operation and the original technology only operation. The searching
25 element in the mobile unit tracks the signal strength of the pilot signals
from the Neighbor Set in the same manner as described above without
regard to the fact that some of the Neighbor Set members may be original
technology only base stations.
When a pilot signal of a border base station in the Neighbor Set
30 exceeds a qualifying level, the corresponding base station is added to the
Candidate Set and removed from the Neighbor Set at the mobile unit.
Referring again to FIG. 2, the pilot signal from base station 130 is detected by
mobile unit 100 as it approaches the border of coverage area C25. Mobile
unit 100 communicates a message through the base station or base stations
35 with which it is in communication (most likely base stations 140 and 160) to
CDMA system controller 202 identifying base station 130. System
controller 202 recognizes that base station 130 has no CDMA capability and
thus triggers a hard handoff process.
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system base stations which are incapable of CDOVA_traffic channel

comuni cation. To accommbdate the CDVA system a portion of the spectrum
used by the original systemis reserved for CDVA operation. The reseryation
of a 5 porti oWOHBHIE spectruminplies that the base station?‘?ﬂ{s?ﬁ%‘b di ng
to coverage areas Cl[err] - Cl[err] do not use the reserved spectrum for
comuni cations using the original technol ogy. Likew se base stations
correspondi ng to border coverage areas C2[eryd - C2[err] cannot use the

reserved COMA spectrum%@?mh&%ﬁ@?ﬁ%%g&ﬁ& gy agfefy%f LEHDC BClher

because 10 of mutual ‘T nterrerence w
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original technol MyﬁDMA system controller 202. Original system controller 200 also notifies
base station 130 to prepare for the handoff of mobile unit 100. CDMA system
controller 202 sends the channel information to mobile until 100 through
each base station with which mobile unit 100 is in communication. Mobile
15  unit 100 receives the message and stops communicating through the CDMA
base stations and begins operation in the original system mode with base
station 130. Communication continues in the original system technology
uninterrupted by the hard handoff.
, If a mobile unit located in one of the border coverage areas C24 - C2p
20 is initially powered up, the mobile unit may first seek to find a CDMA pilot
signal. The mobile unit finds the pilot box signal and then attempts to find
a system information bearing synchronization channel signal, ie., a sync
signal. In the preferred embodiment, the pilot box does not transmit a sync
signal and the mobile unit being unable to detect the sync signal after some
25 time defaults to operation in the original system mode.
Pilot box 350 of FIG. 3 may therefore also contain a synchronization
(sync) signal. The purpose of the sync channel in the preferred embodiment
of a CDMA system is to allow mobile units within the coverage area of the
corresponding base station to acquire initial time synchronization and
30 system information such as the protocol revisions serviceable by the base
station. When power is first applied to a mobile unit, it first seeks to find a
pilot signal. Having found a pilot signal it seeks a corresponding sync
channel. The sync signal provides information to the mobile unit
indicating the minimum protocol revision level supported by the base
35 station. Only mobile units having the minimum protocol revision level or
a greater revision number may access the system.
In the second embodiment of the present invention the pilot box
comprises circuitry to produce a sync channel shown as sync channel option



systemis required to sustain uninterrupted comuni cation. The process of
nobi l e unit assisted soft handoff as described abave is. 25 not-possible—
bet ween the CDVA system and the original system The handoff fromthe CDVA
systemto the original systemnust be perfornmed as a "break before nake"
hard handof f W@We0T®rforming a hard handoff, it is especi al PETUSMI%t to
ensure that the handoff w il be successful because a failed hard handoff
typically results in a dropped call. 30 Border 170, indicated as a

t hi ckened black line in FIG 2, represents flpe boundary between the CDVA
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base station 14 coverage area ani @osses

border 170 and enectls.)cdheramputipfsumpges30B isinput inte snmmer 332 suchethat she on
130 and to oper atdaRnel shbt @dedroial 1 SBEMRDIsABY toddpEkehrRis28TRMp RIS
- tnvention iseqn tle?c?ﬁ( e’ ?:h‘é’? sgqr{zdence. The pilot sequence output of summer 308 is also
input into summer 314 such that the Q channel short code from Q channel
short code generator 330 is impressed upon the pilot sequence. In the
preferred embodiment the I and Q channel short codes are the same as the
sequences used to modulate the pilot sequence. The output of summers 312

15 and 314 are filtered by baseband filters 316 and 318 respectively. Baseband
filters 316 and 318 may also set the gain of the signal path. The output of
baseband filters 316 and 318 are input into summer 344 and 346 respectfully
and from there follow the same path as the pilot sequence to the transmit
antenna. :

20 Sync channel option box 300 can be used to prevent a stranded mobile
unit in the event that the mobile unit does not switch into original system
operation automatically if it is unable to acquire a sync signal. The sync
channel bits in sync channel option box 300 can be set such that the
minimum protocol revision level supported is set to the maximum value

25 such that each mobile unit has a revision number lower than the
minimum required. Thus upon powering up within the coverage area of a
base station comprising a pilot box with the sync channel option, the mobile
unit first acquires the pilot signal then acquires the sync channel and then
examines the information from the sync channel which indicates that the

30 mobile unit is unable to communicate with this base station in CDMA
mode because its protocol revision is too old. The mobile unit then
switches to the original technology mode of operation and is able to initiate
or receive a call in that mode. '

In yet another embodiment, pilot box 350 may comprise a connection

35 to either original system controller 200 or CDMA system controller 202 (as
shown by dashed lines in Fig. 2.) The connection would be a minimal data
rate connection which monitors the condition of the operation pilot box 350
and possibly allows parameters to be set within pilot box 350. One of the




5. reliable nmethod of ensuring that nobile unit 100 is securely within
coverage area C2A and wi_thin range of_ base station 130 before a hard
handof f is performed. As described above, a nobile unit participating in an
active CDVA call continually scans the incomng signal in search of pil ot
signal s from WO%RM8hbori ng base stations. |If the nobile unil'lcrquﬁ%??

pil ot signal of a nearby base station of qualifying |evel, the nobile unit
sends a nessage to CDVA system controller 202 indicating the detection of
the signal. The present invention nmakes use ¥ this existing process to

}‘ ﬁ\cl ;Inlt |t g; e gar d dpmzlx&ianhm sQEh ﬁ'dﬁ\hg&%&ﬁi #duld be to m?nittar tf5e lfaaﬂgsmhm
si np 0x"..i.S, adde e Oori al _techno

base stations whiF ﬁt%ﬁg’té& tate (5{%% g?‘ga ﬁﬂnﬁ %‘}%3%‘?(#

coverage areas Czpadition whifhemaly aa'iseFI G 2. The pilot box produces a pil ot

signal which in the pfméersgﬁdnﬁrmocmcer& ks'“‘suh{'é% IREE e tﬁb%d@é'wses'a%hs

transmtted fromthe abl e base st wher e each bas station
L anem 1 5t heSui ICOeERAMing db CRVErags AFHccta Uik 20 AFe SPEE sepioeed bass saions-
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The pilot sequencggallt THosefseetoisavithihOthes border base station which do not have
coverage areas abutting the border would not need to transmit a pilo: signal.
In the most basic implementation, each sector of each border base station

15 which abuts the border would have its own pilot box. However in an
alternative preferred embodiment, a single pilot box would be provided for
each base station even if the base station has multiple sectors abutting the
border. In such a case multiple sectors of the same base station transmit the
same pilot signal. When the mobile unit transmits a message indicating

20 reception of the common pilot signal the system must use other methods to
determine which sector of the base station the mobile unit is approaching.
For example, the system is aware of the base station or base station sector
with which the mobile unit is currently communicating and thus has some
idea of the physical location of the mobile unit.

25 In yet an alternative embodiment, to implement a very high
reliability system, two separate pilot boxes could be installed in each base
station or sector. Each pilot box would transmit a pilot signal at the nominal
offset assigned to that sector or base station. However one of the pilot box

~ outputs is delayed from the other by a fixed amount. The fixed amount

30 should be small with respect to the standard offset between neighboring base
station such that the system maps the undelayed and delayed offset to the
same base station. The fixed amount should be large enough to prevent
interference of the delayed and undelayed pilot signals due to the multipath
effects of the system. In this way the reliability of the system is increased in

35 that if one pilot box fails, the other continues to provide the pilot signal for
detection by the mobile unit.

There are many obvious variations to the present invention as
presented including simple architectural changes. The previous description




3Q input into sumrer 336 such that the I channel short code pseudonoi se
(PN) sequence from|l channel short_.code generator 332.is i he
pi 'of sequence. The pilot sequence output of sumrer 310 is also input into
sumer 338 such that the Q channel short code pseudonoi se (PN) seqguence
from Q channeWa:%B81478code generator 334 is inpressed upon th’}‘a @f’%‘?
sequence. As noted above, in the preferred enbodinent the I and Q channel
short codes are the sane for every base station in the system but offset in.
time fromone another. To properly align thegginme offset, the pllot box
needs the univer siflhbigieferiidbmboltients &' providel 46 bl g
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system The out p@eaﬁmgfﬁs%ar?%t invention. o The W‘b‘éﬁsgﬁﬁﬁﬁ cationscta;
340 and 342 respdheseeinpoditnentsawill belreadily agifarent! t@ dioseegkiled in the arhand
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344 1 ﬁeﬂc’LDSﬁFSfSaacé#ﬁ tﬁé SHRfs Soffiefl B Se PN B Fvel 18w,
filter 342 is surdisclosé engny ot her 10 optional Q channel signals by

sunmer 346 as explained in further detail below Again, sumrer 344 is
optional and ¥0s WEGLAIME i f no other signals
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are provided. The output of sumrer 346 is then nodul ated w;
by m xer 322. The outputs_of nixers—326—and-322—-are sumed e LééSlBEEN —

The out put of summer 324 is prQy rter and 15 ;
326 where the signal is upconv$,"| !&H’ﬁﬁﬂg&iﬁp er frequency
The out put of WHWHEBr ter and po ol 3826 is the outﬁ [

box 350 which is transmtted fromthe antenna of . the base station within
whi ch pilot box 350 is installed. During CDVA system operation, the nobile
unit is provided with a 20 I|ist of short coge phase offsets correspondi ng
to nei ghboring base stations surrounding station through which

i gnal of 2 base St af ilorl % SUsteR 6 PTOIEHE GURENEHCAION Wiy SRS ane mopile
tcI Of\ﬁolngXi (r)nn}zy émt,fseidonwsdaﬂ cbgtpmbﬁ:]gl 2 ivét pheaality ohbj&(ittim royiding code
t (ra;c ks t gg Si g%alﬁgfs?%gg}]u%gﬁt ha:&épslgl ?ﬁs!f&é%a{ggﬂ r Or‘ﬁé{tﬁ)g, N&ﬁ%@r egggl |hrr1St
" the sane manndr Rumlityr of base; stakiens; areo glustergd physicallye tpgether, hsaids systerss
the Nei ghbor Set f@iHegr Scoprisifig O'd Jsdtohd! gslardlitp0)ofordase battighsat providing
When a pil ot gnal of a border.base st tion in he Nei ghbot %bt i
exceeds a quaﬁ fﬁ%@n\% tony h‘és%r%sﬂgﬁﬂflﬁﬁe bﬁgﬁss%tcﬁrwga e % PMfe
Candi dat e Set andwherein said sesond (plurality) lof bassstations surromnids |said, first, plurality
o oo oy D, 4 B el b LR et it s s
Con Nobi 15 uni t DRSCE R ARt get o SFFarVLplirality ot bass staions
' base stationsl®B5 whetein wach Hbase statiom i osaidiriorder set ha et cdviekagey abarswith a
:E gt : 823 L %go agd ttjo@igi)gubﬁs bbidary*eith @ coveRigedres orrespdrididl td X e BABBN of
S 12 yssa(lacgn first plurality of base stations, a method for providing handoff from said
| -CDMA communication to said alternative access communication technique
14 comprising the steps of:
transmitting from each base station in said first plurality of base
16 stations an identifying pilot signal and CDMA call signals in a first frequency
band;
18 transmitting from each base station in said border set of base stations
an identifying pilot signal in said first frequency band and alternative access
20 communication technique call signals in a different frequency band;
measuring at a first mobile unit a pilot signal strength of each of said
22  identifying pilot signals corresponding to a neighboring set of base stations
wherein said neighboring set of base stations comprises base stations having
24 coverage areas in proximity to said first mobile unit;
receiving at said first mobile unit a first pilot signal corresponding to
26 a target base station wherein said target base station is a member of said
border set of base stations and wherein said target base station is a member
28 of said neighboring set of base stations;
transmitting a message from said first mobile unit to a CDMA system
" 30 controller via at least one base station in said first plurality of base stations
wherein said message indicates receipt of said first pilot signal; and
32 initiating by said CDMA system controller a handoff procedure for
said first mobile unit with an alternative access technique system controller.
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controller 202 recogni zes that base statlon has no CDVAyeapahil] and
thus triggers a hard handof f pr mﬂm ﬁm ; -
PCT/ US96/ 04158 10 The act ual ﬂ sult from ajvari q:t;p;_ghED
stimuli. In other words, once sy§te?n control l er 202 has recérved
message from WES6BONi t 100 i ndicating reception of the pil RCLPYHAIS r om
base station 130, systemcontroller 202 nay use any of a variety of nethods

to choose when, and if, to 5 handoff to the alternative system System
controller 202 may user a tinmer nethod to dggerm ne when to handoff.

Alternatively system o—pﬁéﬁ{ af’élé’{ﬁi’lli‘ﬁﬁﬁep Mes pt rengt h

neasurenents, or on. e use PosS lon | .Qca Bl.{t N an
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i Rf or mlat i o 3 nleeobaihtfaller hasdidl CDMAGysfedn cohtrollieninfelmatid fomoperatibnrinFeaidr
channel an ot

Ori gk nal syst em cgéﬁ gﬁ@&%g %ﬁ&} %@%&g% ﬁ}ét?ghﬁ{le %Q&éf)lg‘rie
for the handoff of mf9mmupjfatingogai @9§penfq,roﬁp¢r@np§r @gl% teznative
channel i nf orgratdceésst conimiinicationt ltéch?tﬁ@ué htb A fiestCihobile curtit ik Cdt Mehsthone

“whi ch nobile uniy, 10 Nbbll 15 wunit 100 receives the
nmessage and st opéassggﬁﬁﬁ% @%’t‘ﬁ% W?ﬁg ?)%SSe stations and begins
operation in the original systemnode with base station 130. Communi cation
ﬁong' ][‘]ljes in the ori @ Nphe Methed ol éﬁlﬂpi?ﬁm\ﬁf‘héﬁ\ﬁhéﬁﬁttﬁ@ sbép bh?ra%frﬁtnng
ando 2 from each base station in said border set of base stations a synchronization

channel signal in said first frequency band.

4. The method of Ciaim 3 wherein said synchronization channel
2 signal comprises an indication of a minimum revision level supported by
said base station and wherein said indication denotes a revision level

4 incompatible with said first mobile unit.

5 The method of Claim: 1 wherein each base station in said first

2 plurality of base stations ‘which comprises multiple sectors transmits a

different identifying pilot signal from each of said multiple sectors and

4  wherein each base station in said border set of base stations which comprises

multiple sectors transmits an identical identifying pilot signal in each of said

6 multiple sectors having a contiguous boundary with a coverage area
corresponding to a base station of said first plurality of base stations.

6. A cellular communication system for providing communication.

2  with at least one mobile unit, said system comprising:
a first plurality of base stations clustered physically together for
4 providing code division multiple access (CDMA) communication signals
wherein each base station of said first plurality of base stations transmits an

6 identifying pilot signal;

a border set of base stations wherein said border set of base stations is a
8 subset of a second plurality of base stations for providing communication
using an alternative access communication technique wherein said second
10 plurality of base stations surrounds said cluster of said first plurality of base
stations and wherein each base station in said border set has a coverage area
12  with a contiguous boundary with a coverage area corresponding to a base
station of said first plurality of base stations and wherein each base station of
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channel short code generator means for receiving a
umversal time input and creating a Q channel spreading
sequence at said time offset;

a second baseband filter for receiving said Q channel
spreading sequence and providing a filtered Q channel spreading
sequence;

a second mixer for modulating said filtered Q channel
spreading sequence and producing a modulated Q output signal;

a summer for summing said modulated I output signal
and said modulated Q output signal to produce a summed
modulated signal; and

upconversion and amplification means for receiving said
summed modulated signal and producing said transmit pilot

signal.

7. The cellular communication system of Claim 6 wherein at least
one base station of said first plurality of base stations comprises multiple
sectors and wherein each sector of said.at least one base station transmits a

4 unique one of said identifying pilot signal.
8. The cellular communication system of Claim 7 wherein at least
2 one base station of said border set comprises multiple sectors and wherein
each sector of said at least one base station of said border set transmits an
4 identical one of said transmit pilot signal.
9. The cellular communication system of Claim 6 wherein at least
2 one base station of said border set comprises a second self contained pilot
T




convol utional encoder 302-to produce data synbols. The d froat 'a_,qll .E
repeated in synbol repetiti ted synhbol s%ﬂ%éﬁg EN
interTeaved by bl ock interIHﬂﬁE m “mﬂ!ﬂterl eaved d sy Hﬁtlueﬁ ed 5
with a Wal sh function sequene yisumres 388. I n the preferred enbodi nent
64 Wl sh sed¥O96B8WMre avail abl e and the sync channel is mo FSTTAIS2¢044P8: 1,

Wal sh function 32 which is 32 zeroes (0's) followed by 32 one (1's.) The

out put of sunmer 308 is input into sumer 312 such that the | channel short
code from | channel short code generator 33§ is |rrpressed 10 upon the

l.ot se ence Hﬁ% sgﬁ;,ﬂy to
E:Jn’mer 3%2 suc f&gfﬁ F orthco ﬁu hﬁg?‘ggﬂot%‘?gt%dg&
generator 3% | eﬁ%tefg%@@a BH‘Q‘P@ jof sai gne rPl SEPREARS.  ed

enbodi mrent the I and Q channel short codes are the sane as the sequences

used to nodul ate th |Iot e
are filtered by baseband #ﬁ@?s@@%ﬁ%@k &(%spec 51‘\%PIH‘E% éase% ers
316 and 318 Zmmystatiens gnd a plurglity, ofmebile unifsawhezein. saide p alitn o me ile

baseband fil ter&nﬁslﬁtaanﬁaﬁd&f rdﬁuau&dnmoaeasmtatﬁﬁ#t@aﬂoﬁé@ b ntation! | y
and fromthe{e éollowtt&g g@l&g s the ﬁ'a' .0t sequence to the transmt
Kak

antenna. 20 Ban be used to prevent a
stranded nobile unita flrsttshteoébmsmtims fome;omung:amgt amcdbtslgwh withnt o

original sysg er@a@&?l B of MGHIRE Uffts lisirg s#aréailu‘xg‘ tferic 1BOMdALLLE SRYd'C
signal. The sync gchan b| ts | nc chan tion o)’ 300 can be set
such that the n{iY ﬁtfﬁ'ﬂp‘r‘%‘%ﬁt‘d:}%‘/* 1&8 b‘?g PLEFIFENSRPIENB Yt he
maxi mum val B 25  suxfirstmobibauhit fobirionitoring slaal;basaf statioh geferendecignalswto
E,Pag the m ni Mygs{se t'hakdoff BT aHISIb&RVRALGH of Baill fifdt Jet OFbAse\SRAtiiE R £2
10 subsequent base station and for transmitting an indication signal based on
said base station reference signal to said first base station;
12 a first system controller for controlling said first set of base stations
and for receiving from said first base station said indication signal from said
14 first mobile unit; and
a second set of base stations for communicating active calls with said
16 plurality of mobile units using an alternative modulation technique and for -
transmitting a base station reference signal analogous to said base station
18 reference signals transmitted by said first set of base stations;
wherein said subsequent base station may be a member of said first or

20 said second set of base stations.

11. A method of communicating with at least one remote unit using
2 a cellular system comprised of a first plurality of base stations for
communication using a first modulation technique and a second plurality
4 of base stations for communication using a second modulation technique,
said method comprising the steps of:
6 transmitting according to said first modulation technique an
identification signal from each base station in said first plurality of base
8 stations;
transmitting according to said first modulation technique said
10 identification signal from each base station in said second plurality of base
stations which is adjacent to a base station of said first set of base stations;
12 and

e
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base station conprising a pr%e%—bﬁx—mr%h—fhe-sync channe i the
nmobile unit first acquires hen acquires ﬂﬁ%S§WﬁET¢mgmﬂ§
and then exam nes the |nfor !ﬂﬂh ﬂ ﬂ;tﬂmnc channel i ch iRERLABERS
that the 30 nobile unit is u cate with thi's

CDVA node becWO963107& prot ocol revision is too ol d. The nobi PErTRA4SH
swtches to the original technol ogy node of operation and is able to
initiate or receive a call in that node. In yet another enbodi nent, pil ot
box 350 may conprise a connection 35 to eifger original systemcontroller
200 or CDMA syst em CopL ok gzﬂ%n( a@ahm ieaﬂaﬁhv%ia;g% t'rQnﬂiSn ?fréa The
connection would be a mnjnma e cgnnection

condi tion ofl4 hecqmw«ratswrpm @@%sstmay i of base giptjons FQ)GSmHH-’PHﬁ%f#@Fsmt 0
be set within pidaid séondIfliiralityof bhse stations. WO 96/ 31078

PCT/ US96/ 04158 12 maj or functions of such a connection would be to nonitor
for faults within pilot box 350 to facilitate the rapid detection and
corrections of any fault condition which may arise. The systemin FIG 2
assunes that the border base stations 5 corresponding to coverage areas
C2[err]-C2[err] are single sectored base stations. In a standard situation,
this generalization is probably true. The border base stations are
typically located in nore suburban areas where base station sectorization
is not needed to accompdate the anticipated traffic | oad.

This Sheet Has Been Reﬂlaced




However, as shown in FIG 1, it is conmon that sonme base stations within a
10 s¥ngnLaLg_sggLQLngd__Ln such_& case, each sector of the original
technology only base stations having a coverage area abutting the border
outputs a pilot signal. Those sectors within the border base station which
do not have c g@‘areas abutting the border woul d not needCTPSO¢diSRyit a
pilot signal. In the nost basic inplenentation, each sector of each border
base station 15 which abuts the border would have its own pil ot box.
However in an alternative preferred enbodilf®&nt, a single pilot box would be
provi ded for each base station even if the base station has nultiple
sectors abutting the border. In such a case nultiple sectors of the sane
base station transmt the same pilot signal. Wien the nobile unit transmts
a nmessage indicating 20 reception of the common pilot signal the system
must use other methods to determ ne which sector of the base station the
nobi Fe unit is approaching. For exanple, the systemis aware of the base
station or base station sector with which the nmobile unit is currently
conmuni cat i ng and ge i dea of the physj pon of the nobile
~unit. 25 gnt a very high
reliability sy ed in each
base station g signal at the
nom nal offsg one of the
pil ot box oufputs is d.ayed froya
~armount 30 shQuld be small withgrespect to k

n yet an al
em two separd
sector. Each p

e pilot boxes
ot box woul d

due to the nulti g

FIG. 1



effects of the system In this way the reliability of the systemis
I'ncreased in 35 that if one pilot box fails, the aother '

provide tThe piTot signal for detection by the nobile unit. There are many
obvi ous variations to the present invention as presented inclgﬂhggua&pple

ar chi t ect ur awo96a10J®s. The previ ous descri ption WO 96/ 31
PCT/ US96/ 04158 13 of the preferred enbodinents is provided to enabl e any
person skilled in the art to nake or use the present invention. The vari

nodi fications to these enbodinments will bg readily apparent to those &
skilled in the art, and the generic principles defined herein may bﬁj E_‘.{’
applied to other enmbodinents 5 without the use of the inventive fa Itygl?
Thus, the present invention is not intended to be limted to the = <
enbodi ments shown herein but is to be accorded the wi dest scope con ste%"‘
with the principles and novel features disclosed herein. 10 WE CLAI g:%i
CLAIMS 1. In a system for providing conmunication wth at | east one[_ bi I&é
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2 unit, said systemconprising a first plurality of base stations
provi ding code division multiple access (COMA) comwunic
sai d—f7TT13U 4 plfurality of base stations are clustered physi cal | y

t-oget her, said systemfurther conprising a second plurality %@;ﬁ‘lu
stations prowaoiésie7e comuni cation using an alternative ess
communi cation technique wherein said second plurality of base stations
surrounds said first plurality 8 of base stations thereby creating a
border set of base stations wherein sai d3forder set of base stations is a

subset of said s d pI ural ity of hase st 0O  wherein each base
station in said @ set H age—area W LT a Cont1guous pouanaar
wi th a coverage @a co li 3 base statijon of Z said first
plurality of bas ati I di d handoft= &r om sai d CDMA
conmuni cati on toﬁ d al ion te I que 14
conprising the s s of: irom each bgse stat in said firpt

plurality of Base
signals in a
station in sai
said first fre
t echni que call
nmobile unit a
signals corres

t signah and CDMA cal
mtting$f rom each basp
tif¥i pilpt signal }n

i chtion

% at a firpt
ying pil o}
rein said

tﬁyi ng pil

nei ghbori ng se ; 24
coverage areas ™ Jali [ it; r g at said
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ber der I ons and mhereln said target
menbermm"m'" gmuﬂmghborl ng set of base Statiof
message*fromsaixd nobile unit to a CDVA syst 4
| east one base station in said first plurality of (
sai d nessagpckdidbsahes recei pt of said first pilot

initiating by said CDVA systemcontrollejy an i nteu@yég%‘fﬂ hand*cS’F"fCd """ to paged

procedure for-said first nobile unit alternati ve access 3USEPm
communi cation 34 techni que system er, sdi MATBIOF RECERT ....cocoocvevrnnnee
control l er deter i ninng spsteid £y prdv;idhfg ceﬁmmmatxenmghsaiéastenmmobﬂe |

Cai ool b st olen Ermfite Hiae pbirmh, 2 PeSEbERBN kidiadie Bhot g
said inter sy!msmrhanddhpl@r aceessir (CDMA) Scommiricatiohpd witereirai said ffinst her
Commun Cat) é”l‘&rﬁi‘fﬁﬁ%ue U, S SR PSIAL TG, S System
controller beratqosrprigingopar #erond i rplysalityal obr base vétaé@é‘ésspm‘" ing
communi cgt i QBzﬂrﬁﬁB'i&aCIHﬁ\ fﬁﬁmga'zli‘\ fdltethatiPe! laRcesy Eouﬁnunﬁi&@idﬁo”f&hh‘i éng
sai d i nformation, for er at sal alternative acce ation
t echni que t &REFEIN 1A} g ooy PRuralify %és‘“ats alt@é?ts%%m&g{%éaﬁz‘ﬁ gﬂhﬁ ‘%é
first pl8rabfbasebtdtias tatbpnraeating Bhborderised offbaseaitationd wherein said
corur 170 Ui gE 8 okt EHERL ) e o O A Bl Bt
10 wherein each base station in said border set has a coverage area with a
contiguous boundary with a coverage area corresponding to a base station of
12 said first plurality of base stations, a method for providing handoff from said
CDMA communication to said alternative access communication technique
14 comprisihg the steps of: '
transmitting from each base station in said first plurality of base
16 stations an identifying pilot signal and CDMA call signals in a first frequency
band;
18 transmitting from each base station in said border set of base stations
an identifying pilot signal in said first frequency band and alternative access
20 communication technique call signals in a different frequency band;
: measuring at a first mobile unit a pilot signal strength of each of said
22  identifying pilot signals corresponding to a neighboring set of base stations
wherein said neighboring set of base stations comprises base stations having
24 coverage areas in proximity to said first mobile unit;
receiving at said first mobile unit a first pilot signal corresponding to
26 a target base station wherein said target base station is a member of said
border set of base stations and wherein said target base station is a member
28 of said neighboring set of base stations;
transmitting a message from said first mobile unit to a CDMA system
30 controller via at least one base station in said first plurality of base stations
wherem said message indicates receipt of said first pllot signal; and
32 7 initiating by said CDMA system controller  an_intersystem handoff !
procedure for said first mobile unit with an alternative access communication

34 techmque system controller, said CDMA system controller determining
availa e Bg 3 > sai o rali B =1a] O
36
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channel signal in said first frequency band. 4. (Once Arrendeﬁf.?LAGEWrgT S,HEH
et hodUlﬂIEmllmm"m,mﬂrej n said 2 synchroni zati on channel signal
conpri of a mini mum revision |evel supported by said

bor der set® of* bdse® stations and 4 wherein said indication denotes
a revision Leyel, iggonpatible with said first mobile unit. 5 The nethod of
Caim 1\/\/niér&e|rfAea§h base statlon in s first 2 plurality of base

stations vvhlchc ses mu ctor transni.ts differ i denti fying
pi l ot signal 3?0‘458*@1 fHF@‘%é@F&H%Slﬁﬁcfgﬁ st e%%EEI n each_base -
station in sal d tmndanueatmg)frdmesexéahemamemm communication technique
sectorsgtr 'E'érhs GHrdIe b éé?c‘l CORIN s é’tleﬂ\gc&\tlreﬂers ir%@ina'ti‘%nGWOPéraw 6

mul ti pl & serrors ;\aw ng a conti guous boundary
cor r espondi Kysaid alterpative ageess ﬁOG?mEBFC&t‘PF‘r‘?FhB* aﬁf t§7 l‘gﬁg%a%‘@{’ﬁF HMitins .

6. A celgl ul sdconmuni cati on system for providing conmuni cation 2 wth at
| east one lmobl | ec%tﬁtr{uméa?ﬁ syaﬁaemfﬁﬁﬁa]glbﬁl fer @péraneﬁ B (Ljﬁéidll akenfatims?
stationg clustere sl cal et her | |

mul tipl 8 ackEEsS ¢ X‘?‘&‘é‘?ﬂ‘b%g% F@ﬁaﬁlgst Hﬂgta&% al(s%%s | on bf
said first gtationlintspidfirdtpderalitytaf base strationsi ts an 6 identifying pilot

signal and wherein said first plurality of base stations are controlled by
a CDMVA syst em coBI r’md methdd of Claim lafulrthetaonsptisiog ﬂheseteptaftﬁrmitting

controll €in

Sommuni BcR BaS8 BRONE i 3RS Bk Bt ke st e a Wil Hlibrization
of base stachmllsggmalsmﬁei fl@$f &emcbﬁndiral ity of base stati ons f or
pr ovi di-ng -communi ‘cati-on-usi-mg—an~at ternati ve access ‘T2-comunitation

techni que wherei g, sa{On&LCRREnRIEH).2! | THe OlmdtRdE S6RICRAR 3 wherein said
2  synchronization channel signal comprises an indication of a minimum
revision level supported by said border set of base » stations and
4  wherein said indication denotes a revision level incompatible with said first
mob:le unit. ' N _ i

5 The method of Claim 1 wherem each base station in said first

2  plurality of base stations which comprises multiple sectors transmits a

different identifying pilot signal from each of said multiple sectors and

4 wherein each base station in said border set of base stations which comprises

multiple sectors transmits an identical identifying pilot signal in each of said

6 multiple sectors having a contiguous boundary with a coverage area
corresponding to a base station of said first plurality of base stations.

6. A cellular communication system for providing communication
2 with at least one mobile unit, said system comprising:
a first plurality of base stations clustered physically together for
4 providing code division multiple access (CDMA) communication slgnals
wherein each base station of said first plurality of base stations transmits an | (

6 identifying pilot signal and_wherein §azc=1 first plurality of base stations are }
ntroll a t ntr l
8 a border set of base statxons lled an_alt tiv

ller in inte , C , I
10 wherem said border set of base stations is a subset of a second plurahty of base
stations for providing communication using an alternative access
12 communication technique wherein said second plurality of base stations
surrounds said cluster of said first plurality of base stations and wherein each
| | This is the replacement shee‘

303\‘..?:_‘993
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-surroun(m said first plurality of base stations and wherein
each mm, " ML}HH i,on in said border set has a cover a§EPLACEMENT tSHEET
conti guods Bouhdas a coverage area corresponding to a base station of
said first pl urallty of 16 base stations and wherein each base station of
sai d border i&@ao¥p i ses a sel f contained pilot generator for providing a

transm't p| I ot si gnal appar atus 18 comggl sing: | channel short code

gener at or f wver sal ' n |
channel pr ea ?sﬁgﬁé%é daql% rge%’ F#ehﬁfﬁ 5%%&5% %pea as e%&?rg &ﬁe% ‘?a
recei vi ng sai with smmagesgsaa:@mgpgaqmgmmam St&'i@npﬂf)ﬁaldl firgt pluralityrafd |

channel 9y eaghdiistiQONERRE witerbin ééd%i%rstﬁt%n rm%uicﬁbg{%é%a gcd{n ot & géﬁg
et

channel spreadl ‘_g se ce 24 an &
'Q channel shof®® H&é{ Q’éﬂ’ér&?’tﬁmma PERVI E&S’e@ﬁ‘??d‘%“ﬁn? | fRPargtus
I nput and&rewm?gls&m@ channel spreadl ng sequence at said tine offset a

second baseband TiyLgln{gr shatt eéo:?' ggecxiegﬁ%%%ggx@ l‘ reddi ﬂl%g%vﬁrsal tung

-sequence and providrng a fi Spreadi ng se
m xer foRGhodunputiang ereatingian behanrel spreading m@r@?rﬁé a@mne offsgtience and

pr oduci ng a nodul aa%&asébw At fr; re'éeﬁhﬁ?%xd chaniel Rpreaiifg HRgiibmieed
out put gnal ,and s | at eii ut signal to pr oduce a summed
m)dul at e&is gfad prgx éo@ﬁegoﬂﬂ‘% SRPRAME BT EAFeans for receiving
sai d sumed a first nuxer for modulating said filtered I channel spreading sequence -
24  and producing a modulated I output signal;
Q channel short code generator means for receiving a universal time
26  input and creating a Q channel spreading sequence at said time offset;
a second baseband filter for receiving said Q channel spreading
28 sequence and providing a filtered Q channel spreading sequence; i
a second mixer for modulating said filtered Q channel spreading
30 sequence and producing a modulated Q output signal; |
a summer for summing said modulated I output signal and said
32 modulated Q output signal to produce 2 summed modulated signal; and
upconversion and amplification means for receiving said summed
34 modulated signal and producing said transmit pilot signal. 1

36

7. The cellular communication system of Claim 6 wherein at least
2 one base station of said first plurality of base stations comprises multiple
sectors and wherein each sector of said at least one base station transmits a
4 unique one of said identifying pilot signal. '

8. The cellular communication system of Claim 7 wherein at least
2 one base station of said border set comprises multiple sectors and wherein
each sector of said at least one base station of said border set transmits an

4 identical one of said transmit pilot signal.

9. The cellular communication system of Claim 6 wherein at least
2  one base station of said border set comprises a second self contained pilot

This is the replacement. sheet
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ff;’é I u[rgmumm"]mﬂ”ﬂybgw produci ng said traném’t pilot signal. 36 7.

6 The
stem of Claim'6 wherein at |east ZAEPHAGEMENTeSHEET
station 6f Said fars urality of base stations conprises nmultiple sectors
and wherein each sector of said at | east one base station transmts a 4
uni que one (QpaS@h ek dentifying pilot signal. 8. The cellular conmmunication
syst em of (‘:l aim7 erein at least 2 on 7base station of said border set

conprises multiple sectors;.and wherej ach s ot of .sai.d at ] east,.one
base. st at i BPBFAOR(0F ESPHIBe? Sroangh FRRSIilh ot SigHAl RAYing & tie LoffeFt
transm ¢ pidifferentdirain s&id tihe offset of said seifroontainedpiloy genevatdr. Gl ai m 6
.wWherein at least 2 one base station of said border set conprises a second
sel f contained pil ot 17 generator for providing a second transmit pilot
si gnal havi ng a ¥0- nfOnger Amendled) dAf ¢edludan cammunieation systemsqosaprisad efipd

sel f coptain ::%Qﬂ Ndseistationd and A %ﬁ%r%t‘l)iy E%hobile elihits AvhesdugHigat i on
Hyeph

wobi Lo uni MERGYePhmchils priiecmayy bandeBLopersBRn, Eamyona st S 4Pi on
from ond baawthérbaserstaiort durigoan aktibeeall,daid ispstetucomprisingicti ve cal |,
R I e
units u€i ngctivepealhdiigmals eyitbnsaidt plunality sofe mehile atnits aising | a sspyradingand
for transmgpt],Bcd th3RBdulate said active call signals and for transmitting a base .
8 . station reference signal;
a first mobile unit for monitoring said base station reference signals to
10 assist in handoff from a first base station of said first - ; group of said
plurality of base stations to a subsequent base station and for transmitting an
12 indication signal based on said base station reference signal to said first base
station; _
14 a first system controller for controlling said first . = group of said
' plurality of base stations and for receiving from said first base station said
'16 indication signal from said first mobile unit; and
asecond . group of gaid plurality of base stations for communicating
18 active calls with said plurality of mobile units using an alternative
modulation technique and for transmitting a base station reference signal
20 analogous to said base station reference signals transmitted by said first _ -

group of said g;ur_g_;;g of base stations;

22 wherein said subsequent base station may be a member of said first
group or said second %of said plurality of base stations.

11. (Once Amended) A method of communicating with at least one
" 2 remote unit using a cellular communication system comprised of a first
plurality of base stations for communication using a first modulation
4 technique and a second plurality of base stations for communication using a

second modulation technique, said method comprising the steps of:
6 transmitting according to said first modulation technique an
identification signal from each base station in said first plurality of base

8 stations;

12
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S[a[IOI’l reference signal; a first nobile unit for nmonitoring said base

stat nals to 10 assist in handoff from ZREPLAGEMENT SHEET
Stat“lﬂlHﬂ]“]“ﬂ:ﬂ““W group of said plurality of base stations to a
"subsequent Lbase station and for transmitting an 12 i ndi cation signal
‘based on said base station reference signal to said first base station; 14
a first systeawmasogol l er for controlling said first group of said
plurality of base stations and for receilging fromsaid first base station
said 16 indication signal fromsaid first pobile unit; and a second
group of said pl dransmijting lsgeerding:t fonsriflofitsbnmedwationy teshnigue | said

O ariQh defuntatioh dynd! bR Eh bust batien 19 sail seeli® pIataley of base
o Al oo tatans Which 1 adiacent i 3 pese.pBfioh a aid, Bistse? Pt hate pebiaRearih, o
first ggpup of sa;lgieﬁhhﬁngl fronof sdid sidlentification ; sighals whethenhéo cinitist @
subsequent bsié@ét ation nmfg;}g ArEiReateh @aéa?,&ﬂ&kﬁg‘%?g?o)& £a§§ s t.g)% ond

group of sai rallty of "base stati ons.
conmuni t4t i rig eomimupicatioasin sid second phurality of aggpiagioascel | ul ar

conmmuni cati on system conprised of a first plurality of base stations for

i t 1 t d t
of "base o ationg 12 a‘cﬂ‘%‘f’gﬁ oL ?‘”b%"h@? o %‘%’E‘CB”Q‘W‘%}& cRARE e B éﬁe *'_ ’
sai d net %od E%ﬁ?b‘f‘i“& Alysal apebilg .ungt ‘said SYHCNW@#QIH%MG cﬁé%ﬁ nendt o

said first mdcﬁﬁgla%odé%fmpe%t%nmrb%ﬁsefméﬁétbpn signal from each base
station in said first plurality of base 8 stations; 12

13. (New) The method of claim 12 wherein said step of transmitting a
2  message from said first mobile unit to a CDMA system controller includes the
step of indicating receipt of said first pilot signal at a signal level in excess of a

4  predefined qualifying signal level.
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18 transmtting according to said fitst rmdul ation techni quegsai d 10
identification signal fromeach base station in said second BEMEMENTCSHEET
base stations which is adjacent to a 'base station of said first set of base
stations; and 12 determining from said identification signals
‘whether to initiate a fromcommunication in said first plurality of base
stations 14 to communi cation'in said second plurality of base stations

12. (New) The nmethod of claim3 further including the step of 2 recei ving
at said first nobile unit said syncABSTERAGTchannel signal and sel ecting
a node of operation in response thereto. 13. (New) The nmethod of claim 12
wherein said step of transmtting a 2 nmessage fromsaid first nobile unit
to a CDVA system controller incl udes the step of indicating receipt of said

first pilot si ghaheﬂtodaand gystem dor lproviding aseeligble meangtoe peffiorsn handoff
qual iyl n%rSI ’a ¢ code <¥1v1s1on multiple access (CDMA) system using a pilot signal to an
alternative access communication technique system. Simple pilot box circuitry
(350) is added to a set of border base stations (C2, - C2p). The border base
stations (C2, - C2;) are base stations which operate only in the alternative
access communication technique and which have coverage areas which are
- contiguous with coverage areas of CDMA opei'ation base stations. The mobile
unit monitors for the pilot signal from the border base stations (C2, - C2p) in
the same manner as it monitors for pilot signals from the-CDMA operation base
stations (Cl, - Clg). When the mobile unit detects the pilot signal
corresponding to a border base station (C2, - C2;), it notifies a system
controller (202) in accordance with standard operation. The system controller
(202) is aware that the pilot signal corresponds to a border base station
(C2, - C2;) and thus triggers a hard handoff process to the alternative access
communication technique system in response thereto.
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