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several disti Ncfy ﬁggﬁgﬁ“ ted Art In an exenpl ary CDVA
system each base Statton transmrts o pi | ot si gnal having a common
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than one base station. Signals occupying the common frequency band are
discriminated at the receiving station through the spread spectrum CDMA
20 waveform properties based on the use of a high rate pseudonoise (PN) code.
The high rate PN code is used to modulate signals fransmitted 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
received at the receiving station. The high rate PN modulation also allows
25 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
the pilot signal of other base stations. During system operation, the mobile

30 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
strength of the pilot signal from a group of base stations including the

* 35 neighboring base stations.

A method and a system for providing a communication link 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
"MOBILE STATION ASSISTED SOFT HANDOFF IN A CDMA CELLULAR

40 COMMUNICATIONS SYSTEM,” assigned to the assignee of the present



searching recei ver or elenent that allows the mobile unit to track the

st gnal strength of the pilot signal froma group of base stations
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system for providing a communication link with the nobil e unit
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20 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
communicates a message to the first base station identifying the new base
25 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
controller sends a message to the new base station with identifying

30 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

for the new base station transmitted information signal and communication

35 is established with the new base station without termination of
communication through the first base station. This process can continue
with additional base stations. _
When the mobile unit is communicating through multiple base

stations, it continues to monitor the signal strength of the base stations of
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20 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
end user. A soft handoff provides significant benefits in its inherent "make
before break" handoff technique over conventional "break before make"

25 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
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

30 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 facilitate

. continuous communication. The process of mobile unit assisted soft
handoff as described above is not possible between the CDMA system and

» 35 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.



nmessage identifying a new Active Set of base stations. The new Active Set
does not contain the base station through which communication is to be
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PCT/ US967 13009 border b tation, it the pilot signal from éle border base station.
order base station, it receives the pi gn
Just as the mobile unit would do upon reception of a pilot signal
20 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
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
25 with the system controller of the second system and negotiate the
" availability of resources for the mobile unit in the second system. The
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
30 handoff to the second system.

The pilot signal in the border base station in the present system is
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

35 operxtion, configuration, and fault detection. The pilot box may also
transmit a synchronization signal. The pilot box uses the pilot signal from
surrouriding base station to obtain system time in a time division duplex
‘manner.

40 BRIEF DESCRIPTION OF THE DRAWINGS
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information  CUCUHFY %’%‘E)S‘?‘ﬁf? TESePHRN SEEYHY- system to the nobile unit and
order the nobile unit to handoff to the second system The nobile unit
t hen perfor]|5s a hard 30 handoff to the second system The pil ot
signal in the border ﬂE‘FAsﬂﬁDdBESCREBTM)N@F'FE‘EPREBERREDpr oduced by
a sinple box which can be easily angn IBQP faf led in exi sting
base stations. The pilot box requires only povver to operate. The pi | ot
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manner. © 40 within the covdragdarddoi-ond of e Hasel SRR Fxample, mobile
unit 10 is located within the coverage area of base station 20. In a code
division multiple access (CDMA) cellular or personal communication
25 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
30 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

35 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
40 area boundaries defining coverage area shapes different from the ideal
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5- The features, objects, and advantages of the present invention
will beconme nore apparent fromthe detail ed description set forth bel ow
when taken in conjunction with the drawings in which |Iike reference
characters wieario7éag cor r espondi ngly thrgughout and wher ei PCTBIS96/13009
FIG 1 illustrates an exenplary base station coverage area structure;

FIG 2 illustrates an exenpl ary base station coverage area structure
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coverage area struct Bage stafior060 6£FIG.aN r SRt dh iﬁdaliﬁédllﬂ&eel‘@&ﬁﬂ@@aias@ase
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L1151 2550 8 SHRL 26 ihe's Qe PRI e vl g
base stations i ﬁeatosﬁﬁtaésn averiagisnthesieaior t8@nbaviggya covarage areaiasrindicated by
bet ween a nobi | Qhé”fiﬂe ééﬂlleﬂq{r%stéba@&r@( *ilﬂfl@ ﬁcﬁﬁbﬁ@ﬂ Qﬂ)ﬁidfaték![”l{y thd XSs
| ocat ed very clg? (g 6*?‘1 atlorn 20 anog her B receLves a rong
si gnal fro I, pQ COBETRRT AT tsFGtQF'g B I?e%tf’ﬁ l's from
surroundi ng base In general a base station is sectorized to reduce the total interference
15 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
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
20 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
and from base stations20 and 120. A mobile unit at location 90 may
51multaneously be in soft handoff with base stations 20 and 120 and
sectors 50 and 70.
25 A method for providing communication with a mobile unit through
more than one base station during the handoff process is disclosed in U.S.
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
30 terminated. '
‘New CDMA systems are typically initially deployed in areas with
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
35 where coverage areas Cl, - Clg have base stations that are capable of CDMA
operation. A typical deployment of a new CDMA system places the higher
capacity CDMA capable coverage areas Cl, - Clg 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




30 stations. However nobile 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 simlarly sized signals frombase stations 100 and 110.
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unit located i r]tec:}'urlology system as controlled by original system controller 200. (Typically

20 the original technology will use hard handoff techniques for all handoffs
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
Cl, - Clg, a hard handoff from the CDMA system to the original technology
system is required to sustain uninterrupted communication. .

25 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. When performing a hard handoff, it is
especially important to ensure that the handoff will be successful because a

30 failed hard handoff typically results in a dropped call. .

Border 170, indicated as a thickened black line in FIG. 2, represents the

boundary between the CDMA capable base stations corresponding to

- coverage areas Cl - Cls and the original system operation only base stations
| corresponding to adjacent coverage areas C25 - C2g. In FIG. 2, mobile

35 unit 100 initiates a CDMA call with base station 120 of coverage area Cla and
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 Clp 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



sector 80 is significantly interfered with by the comunication of a nobile
20 unit at location 90 with base station 60. For a nobile unit positioned
at | ocation 90, the total interference has contributions fromsectors
5Q and 70 and from base stations 20 and 120. A nobile unit at |ocation
90 may si nMaBAEE6s| y be in soft handgff with base stati B&3/US/EIMRE 120
and sectors 50 and 70. 25 A hod for providing communi cation
with a nobile unit. through nore than one base station during the
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t echnol ogy. Li kboxdes covieragetaxeasosuch as adjacent coverage areas C24 - C2g 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

20 stations where each base 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

25 zero function which is also all zeroes. Summer 310 sums the two zero

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

30 potential or logical '0' level.) The pilot sequence output of summer 310 is

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

35 from Q channel short code generator 334 is impressed upon the pilot

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 acquired as described below. The output of




correspondi ng to border coverage areas C2[err] - C2[err] cannot use the
reserved 10 CDMA spectrum for conmunication using the original technol ogy
because of mutual interference with the CDVA system In a
typi cal depl oynent, the base stations within coverage areas Cllerr] -
CI[err] may al wo9®7&dpabl e of conmuni catign usi ng the ori gi NRGT/USIE/13009
technol ogy. Thus a nobile unit wth an established original technol ogy call
15 in coverage areas C2[err] - C2[err] can continue to comrunicate as it
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WD 97/ 0764@0 list of short code phase offsets corresponding to neighboringdmse)st@tiaen09
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.



8 station 150, base station 160 of coverage Cl[err], and base station

1420 of coverage area Cl[err]. As nobile unit 100 crosses border 170 and
enters coverage area C2[err], a hard handoff to base station 130 and to
operation in the original technol ogy is perfornmed. The present
i nvention is anwomopEeasi ve and 5 reliable nethod of ensuri n@CFRS6/1309i | e
unit 100 is securely within coverage ea C2A and within range of base
station 130 before a hard handoff is per f or med. As
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signal. In the preferred embodlment the pﬂot 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 synchronization
(sync) signal generation capability. 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
30 synchronization and 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
35 the base 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 pilbt box
comprises circuitry to produce a sync channel shown as sync channel option
box-300 of FIG. 3. The sync channel bits are first convolutionally encoded by



time fromone another. To properly align the time of fset, the pi | ot box
needs the universal tinme input acquired as described bel ow. The output of
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9 sumers 336 and 338 are filtered by baseband filters 340 and 342
réspectivel y. woorBasseband filters 340 anﬂg342 may al so set tRCI/GPAMBBT t he
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as described alamde 3M trhspdttfully and from there follow the same path as the pilot

sequence to the transmit antenna.
Sync channel option box 300 can be used to prevent a stranded mobile
20 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
such that each and every mobile unit has a revision number lower than the
25 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
mobile unit is unable to communicate with this base station in CDMA mode
30 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
to either original system controller 200 or CDMA system controller 202 (as
35 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
major functions of such a connection would be to monitor for faults within



regard to the fact that sone of the Nei ghbor Set nenbers nmay be ori ginal

t &chnol ogy only base stations. - When a pilot signal of a border
base station in the Neighbor Set 30 exceeds a qualifying |level, the
cqQrrespondi ng base station is added to the Candi date Set and renoved
from t he Nei ghbwo B®7646t the nobile unit. Ref erri ng agai RCREISH/IP092,
the pilot signal from base station 130 is dét ect ed by nobil e unit 100
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reception of the common pilot signal the system must use other methods to

20 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.

In yet an alternative embodiment, to implement a very highly

25 reliable 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
should be small with respect to the standard offset between neighboring base

30 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
that if one pilot box fails, the other continues to provide the pilot signal for

35 detection by the mobile unit.

It is apparent from the discussion above and FIG. 3 that the pilot box
requires a universal time sync input to align the I and Q channel short code
generators to the appropriate pilot offset. Because in the preferred
embodiment each base station transmits the same pilot sequence at a unique




uni nterrupted by the hard handoff. If a nobile unit located in
ohe of the border coverage areas C2[err] - C2[err] 20 is initially powered
up, the nobile unit nmay first seek to find a CDVA pil ot signal. The
mobile unit finds the pilot box signal and .then attenpts to find a

syst em i nf or matwos/dyemr i ng synchroni zati on_channel signal, i.RCT/US643098
signal. In the preferred enbodi nent, the|53cn box does not transmt a sync
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fol | owed by 32 needsoteche alighed chtresparidsubnlyf tos thatepredison sequiredt td ensure

summer 312 suchyfpafe pilot signal reaches a mobile unit within the window of time in
which the mobile unit searches for the pilot signal.

20 'Upon noticing that the pilot signal need not be generated with fine
precision, it becomes advantageous to find a manner of eliminating the
expensive. and bulky GPS circuitry. One manner of doing so is by the
implementation of a time-division-duplex, time tracking circuitry shown in
FIG. 4. Note that just as a mobile unit once having acquired a pilot signal

25 from the base station is able to track the pilot signal as the delay between the
mobile unit and the base station changes, a base station can track the pilot
signal of neighboring base stations.

For example, in FIG. 2 note that base station 140 transmits a
continuous pilot signal for use in the CDMA system and is equipped with a

30 GPS receiver or other equipment which provides base station 140 with
accurate absolute time. Base station 145 is equipped with a time division
duplex (TDD) pilot box of the present invention. Distance 135 and the

’ corresponding delay between base station 140 and base station 145 are
. measurable quantities and can be determined in a calibration procedure at
- 35 the time of deployment.

FIG. 4 illustrates the time division duplex pilot technique of the
present invention. As noted above each base station in a CDMA system
transmits a pilot sequence using a common frequency band. Therefore for
base station 145 to track the pilot sequence of base station 140 in order to



the I channel short code from| channel short code generator 328 is

i npressed upon the pilot sequence. The pilot sequence output of 10 sunmer
308 is also input into sunmer 314 such that the Q channel short code
from Q channel short code generator 330 is inpressed upon the pil ot
sequence. |n thwopretasred enbodi nent the I and Q channel shoPCTAISEH30Mr €
the same as the sequences used to nodul ate it he pi |l ot sequence. The out put
of summers 312 and 314 are filtered by baseband filters 316 and 318 15
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does not need to be precisely aligned with system time. Thus a small time
"20  offset error in the pilot signal from a base station are naturally-tracked by the
same mechanism in the mobile unit uses to track changes in the pilot signal
due to path delays in the terrestrial environment.
Thus the pilot generation method and apparatus of the present
invention contemplates the use of a time division duplex (TDD) scheme in
25 which a border base station comprising a TDD pilot generation box alternates
long periods of transmission of the pilot signal with short periods of
reception of neighboring base station's pilot signals. FIG. 4 illustrates a block
diagram in accordance with the present invention. Antenna 400 provides
for reception and transmission of CDMA pilot signals. TDD switch 402 is
30 wused to connect antenna 400 to pilot generator 414 during times of
transmission and to searcher and demodulator 404 during times of
reception. Searcher and demodulator 404 tracks the pilot signal of at least
one neighboring base station. As noted above, searcher and
demodulator 404 needs the PN offset corresponding to the neighboring base
35 station and it needs to know the terrain delay so that it can adjust for the
delay. Searcher and demodulator 404 outputs a signal indicative of absolute
time to comparator 406. Comparator 406 compares the measured absolute
time with the time sync input currently being generated by stable
oscillator 412. During the time when TDD switch402 is connected to




12 pilot box 350 to facilitate the rapid detection and corrections of
any fault condition which may ari se. The systemin FIG 2
assunes that the border base stations, . corresponding to coverage areas
C2[err] - C2[err] are single sectored base stations. 5 1In a standard
situation, thiwopneaealization is probablﬁ true. The border FEFEIS96/13009
stations are typically located in nore su ¥rban areas where base station
sectorization is not needed to accommbdate the anticipated traffic | oad.
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have its own philel geRErarsioumner Filbtageddratoe! Ut rigpliespis cpilerl sigtaboiorent
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FIG 3 that theapitheh Heassed to dmm]lalplasahiymfl differaait pilotegenyaration mircuitey .

align the | an%a%%%?ﬁ]an%%ﬁ\g%%e frequency on which the pilot signal from the
25 neighboring base station is to be received may need to stop transmitting
during reception of the neighboring pilot signal. This technique may be
especially beneficial in those instances where one of the sectors receives only

weak pilot signals from neighboring base stations.
Note that the ratio of the time spent transmitting a pilot signal to the
30 time spent receiving a pilot signal can be high, such as on the order of 50
to 1. Note that at initial deployment, the TDD pilot box may need to remain
in recsive mode for some extended period of time to initially acquire the
. pilot signal. However, once having acquired the signal, the TDD feature can
be used to track the pilot signal in the steady state. Also note that it may be
35 advantageous to randomly or pseudo-randomly dither in time the reception
times to avoid any beating pattern which might occur with any periodic

operation within the mobile units.

It may be possible to align the TDD boundaries with other system
operation boundaries to conserve signal processing power. For example, if



generators to the appropriate pilot offset. Because in the preferred
ehbodi nent each base station transmts the sane pilot sequence at a unique

WD 97/ 07646 PCT/ US96/ 13009
13 of fset and the offset in the pilot sequence used to discrimnate
and identify WOWB#BM4&t ati on pil ot signal i@ the pil ot gener aP€CDESYS130MPBS S
has no neani ng unl ess it is time align in relation to the other base

stations in the system The pilot box in FIG 3 is an inexpensive item

On the other hagd, 1 S&ﬁﬁdﬁrﬁésy are @dt Quibh Ogﬁ Ikkﬁ.}x{'éﬂh\égr Yathih' e

i nput can be ex ensi ve ,an q‘a Jequir an addi tiqna antenna at each
the base stati %e@m %B’é‘ig ﬁ%j%%ﬁ?ﬂ?tma)’?‘@%ﬁe s used.
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expensive and bl Ry® PETViES, derhiamism o0 echiyes pnessagsy frpm the
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FIG 4. Not g5t h@intidiftk, 3PI 5TRkOWS aUTDD 6E H&Véd}ﬂ?ﬁ&ﬂ i oauﬂLio% ﬁagna'
25 fromthe base statjon.,js megltra | O e

bet ween t he megage decading Iﬂﬁg’éo’ést ag%s gﬁ%ﬂiﬁ H@ﬁeon
can track the pithidon supplying the pilot signal. Messages which mxght be transmitted to

the TDD pilot box include operation, administration, and maintenance
(OA&M) messages. Further information on slotted mode can be found in
20 US. Patent No. 5293,287, entitled "APPARATUS AND METHOD FOR
REDUCING POWER CONSUMPTION IN A MOBILE COMMUNICATION
RECEIVER," issued February 21, 1995, assigned to the assignee of the present
-invention, and incorporated herein by this reference.
In the '287 patent, each mobile unit is assigned a mobile unit
25 identification number. Upon registering with the system the mobile unit
transfers information to the system controller including the mobile unit
identification number. From the mobile unit identification number and the
time of day, both the system controller and the mobile unit can independent
determine a pseudo-random active slot time set during which the mobile
30  unit monitors for pages. The base station only attempts to send messages to
the mobile unit during the active time slots. In this case, the TDD pilot box
can be assigned an analogous mobile identification number based on which
an active set of time slots can be determined both by the system controller
(or base station) and the TDD pilot box such as by usmg a hash function. The
35 active slots are also used as the pilot reception times.

There are many obvious variations to the present invention as
presented including simple architectural changes such as replacing TDD
switch 402 with a simple isolation circuit. The previous description of the
preferred embodiments is provided to enable any person skilled in the art to



signal of neighboring base stations. For exanple, in FIG 2 note
that base station 140 transmts a continuous pilot signal for use in
the CDVA systemand is equipped with a 30 GPS receiver or other equi prment
whi ch provi des base station 140 with accurate absolute tinme. Base
station 145 is wqay/ptsésl with a tinme division dupl ex ( TDDpcpiusedn3m9ex of
the present invention. Distance 135 and t he? correspondi ng del ay

bet ween base station 140 and base station 145 are nmeasur abl e

uantities and tern i i brat | nrocedut 35 e tine
gf depl oynent . shike l?,ﬁ e &g@%@é{}lﬂ p?‘fieﬁlgx?)r at e@lié[ &gnﬁlgremﬂ’?\ﬁ%ai%ﬁ‘sd%}tﬁ €
pi | ot techni quergpodiments will be zeadily appamnt & those skilled inbthecanriaend hee

station in a Clgdhesiysprtmiples defirfednbetdif mafi bObppRa 26CEtHES | EXbBdHRBRERN
frequency band to track the pjl ot

o re forg . se station 145 he pj
sequence’ of bas‘,"é;%&gﬁh%n&fzfg t!hﬁ I%Y%t}% %Cuﬁy‘ This, ée\meﬁto‘%ﬁ%tmn 1s not
PCT/ US96/ 13§09 intended to be limited to the embodiments shown lkerein butaisqto rbe
system time forackerletlthe veidesiRopé chhsisted watH e ptist on
145 nust transnit ,and ﬁ%:ei ve onﬁt he s%rre frequeengy g?rllecf Qﬁ&?\ov%\{%a&é?%s
constructing e%ﬁ‘f}ﬂ%‘?ﬂ. f%h is able to sinultaneousl y receive and to
transmt on thw i‘mquency band with sufficient isolation to 5 operate

A >

is adfficult process of creating the pilot signal can be
simplified by taking note of sonme of the characteristics of system

operati on. ’ Note that when a nobile unit is searching for the

pi l ot signal of menbers of the Nei ghbor Set of base stations, the
nobil e unit searches sequentially through a set of correspondi ng pil ot
sequence offsets. If a pilot 10 sequence at a given offset is not :
encountered, the correspondi ng base station remai ns as a nmenber of the
Nei ghbor Set of base stations and another search at the correspondi ng
offset is nmade at sone later tine by the nobile unit. Thus if a base

station were to tenporarily termnate transm ssion of its pil ot

signal, for nobile units newy approaching the coverage area of that base
15 station a delay in perception of that base station's pilot signal my
resul t. However ultimately the pilot signal would be acquired by the
nmobil e units



when the base station resuned transmn ssion of t he pil c““mmml“"lllllulm

Al so note that as described above, the pilot signal

does not need to be precisely aligned with systemtinme.” Tus"a el | “tine
20 offset error in the pilot signal froma base station are naturall _
ttacked by the WO97/07646me mechani smin the jpbile unit uses to"‘t"‘?"éi?ﬁ’li‘%%mges
in the pilot signal . due to path del ay]?ln the terrestrial environnent.
Thus the pilot generation method and apparatus of the present

invention contenplates the use of a ting Won dupl ex (TDD) schenme in 25
whi ch a border base station corrprl Si ra{‘r&q | | ot, generation .box
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and derodul at orbosger Pg pse Séa'é‘?‘b‘rféa”f getcefi said seqo Py “of asefs'ga,pgnp
conpar at or HD6. wEH@hareatchrbaﬁkﬁE‘ststdmpanemd herdensetr hak absnierdge area withne

W t h the time s b

oscillator 412 ﬁshﬂﬂ%ﬁg SN s el ﬁtﬁ%ﬁﬁ@%ﬁ%ﬁ?m station of

WO 97/ 0764612  said first plura ity of base statlons, a method for providing ha nt:Mffc:ﬁrggg@g@ 3009
15 sear cheCDMW cdﬁtmduicahm tdl Gdidagiternetieptaccass ebninveniehtion tetigniguei s

occurring, qggng p 408 connects the error signal output of
conpar at or 31406 c[% % con |nput gf stabl e oscil|ator 412, CapaC| tor

410 hol ds the error tEnFRifting r%‘\‘eﬁa‘g'b gitdstations i tsaid At plesad
periods of 16 anstaticss anidehkifying pdloit gigrel and QDM cadl sighdsmalﬂrhiafreqmﬂ:?
drives the univgrsal tine input of pi |l ot ~generator 414. Pil ot generator

414 supplies the prlot sjgnal to
PP 18 P rece1v1ngg mterm1ttently at each base station in said border set of -base

stations an identifying pilot signal transmitted by one of said first plurality of
20 Dbase stations;
determining from said received identifying pilot s1gnal an estimate of
22  absolute system time;
transmitting intermittently from each base station in said border set of
24 base stations an identifying pilot signal aligned to said estimate of absolute
time in said first frequency band and alternative access communication
26  technique call signals in a different frequency band wherein each base station
in said border set of base stations receives said identifying pilot signal only
28 during those time when transmission of sald identifying pilot signal has

been paused;
30 measuring at a first mobile unit a pilot signal strength of each of said
identifying pilot signals corresponding to a neighboring set of base stations
32 wherein said neighboring set of base stations comprises base stations having
coverage areas in proximity to said first mobile unit;
34 ‘receiving at said first mobile unit a first pilot signal corresponding to a
' target base station wherein said target base station is a member of said border
36 set of base stations and wherein said target base station is a member of said
. neighboring set of base stations;



antenna 400 through TDD switch 402. Note al so ”IMILHEH I " Im
145 could easily obtain tinme by tracking systemtine il .

of base stations. For exanple, in the ideal 10 hexagon cOrffiguration ase

station 145 would receive simlarly sized signals from both base
station 140 anwowa®w4et ati on 155. Base stg%i on 145 coul d easiAGIUSI6N300% 501
the pilot signal received frombase stati 155 as well as base station 140
and filter together the two absolute tinme indications to generate the input
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CDMA frequency bands are allocated, only one sector or one of the
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then be used to dr%e@eﬁ%gipgflwg%ﬁféggggﬁg#?%%%‘g%ge atlfgn circuitry.
Each sector2transni ¢cammgpnacatinige frogyueaidy abiernaiiven ageesspi teghnigugnAysterym
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the sectors recei vesornmunicating \waizk ipforotationg et operagierinin giaidralfeanptive
stat | ons. 6  access c xa%ﬁcﬁtfiﬁ{ felenigak! © &fid st hidPleSRRt vinl AeAt bheg a
pil ot signa tg t he % b ngf;sgte%r cei |ng %Q‘Blnl ot si g_nal can be high,
such as on t hePasegption mypaid rst p a]it.y%&aé £ %t initial deployment, the
TDD pil ot box nmay need to remain In receive node for sone extended
period of time to igitpal hE%WH CRithEfurther coftpr¥ing HiENStep dfav@nittiagce
havi ng acquired the sjgnal, the TDD, ga}t:fgqr:e cag1 .be used-to traflk t he
pil ot signaP i Iﬁfqlhee%}i‘g’éﬁils?f@{‘é?‘ said borlRrsef pY base stations, & SYIChINZANSEe ous
to randomly or charwelGigread dwshid fikist frequemcyt bared.t he reception tinmes to

avoi d any beating pattern which m ght occur with any periodic
operation within the npbile ynits

. -t be possi.ble 1o al,ign
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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 coverage area boundary with a
coverage area corresponding to a base station of said first plurality of base

8 stations. '

' 6. The method of Claim 1 wherein one of said base stations in said
2 border set of base stations which comprises multiple sectors having a
contiguous boundary with a coverage area corresponding to a base station of
4 said first plurality of base stations and wherein said one of said base stations
" in said border set of base stations determines only one estimate of absolute

6 system time. o
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16 the TDD boundaries are aligned with franme bounda
transmtted signal, a single processor interrupt may be usedS

sonme systems, sone nobile units may operate in a slotted node whereby
the nobil e uni twoarersintermttently avail abl e for comruni cat i BEI/BS96AM0N t he
base station. The base stations are aware & the slotted node operation
and onIy attenpt to contact the nobile unit during those "active time

L e o L TS o1 ERSRUSRfk Rppe
nobi | e i tmtmﬁgrrtahﬁasa r§§§°BTP%'E?r|“ve slots, the TDD pil.ot box can
noni tor for 10 inconing messages intended for it during those tine slots.
The active tine 8sI o-tfﬁec tﬂgdaldfg@%zﬁ 04t %JQR pgﬁk]&)t\ * nc%pt {.%%@B,td)}ges
thus the active tine | OUS serve al “purpose. e 1

coul d use tHe a@tﬂmﬂmﬂﬁéhﬁ stpseudo-randamspafiernnessage ser vi ce rrechanl smto
recei ve nmessages fromt he nei ghbori ng base st at [ on as forward fromthe

CDNVA or ori gi nal syt co FlG. 5 s ni | ot . box
conpri sing denmodul at’t f%@&%‘g&“ﬁl&&%ﬂﬁﬁ njiging e faid

i ncom ng nesxs agsesenfzed)mdehaf)bngepﬂot sigretli am ssimatyl rm@ abmlmel systeingtixhe
Messages whi ch 1sel€hd 5 § tted to t he TDD pil ot box include
operation, admnistration, aaﬁ 1\9 rT{assa es., Further

i nf or mat i on %n sl ot rEEFIYBESR 'E%’F'P%é“?% Yl‘HP'Ebm‘BC@ epgt & Afangrission gime g7,
entitled APPAmé[h#anéNDsd\EBaIEDsﬁﬁEn corresPERIBENG said/\EReRESIdARTFGh Ipilo

MOBI LE COWMN MNnd said Rﬁgﬁlﬂggasebt%ﬁklﬁd February 21, 1995 assigned to
t he assignee of resent ,Anventlon and, i ncq or at S%tEI n by this
reference.  demarlulaing 28 peredypd 1 ingoprlet signe te gIREd2a

nobil e unit 85 cirgdenttdstiiragdé o absvlatectimel)pon regi stering with the systemthe

mobile unit tr%ﬁtﬁi—%@é&ﬁ&@%&?& n{) ﬂﬁe%ﬂﬁ% WR}FQA@)& BHSEE eliifibedfeno

the nobile unit I catTon nu
i denti ficat1®n aksebie timeta generate an errar 6‘8’“@&?“ both the system controller

and the nobile unit aijustingcaidpetebted identifiihgrpilotsignad secutdingtrsdid aeiorve
slot tinme Sfs %lghg'l? Whl ch the nmobile 30 wunit nonitors for pages. The base
station onIy at s to send nessages to the nobile unit during the
active time slots. In this case, the TDD pil ot box can be assigned an
anal ogous nobi | e i detdt i The ahéthodnofriilsinb dswtiersin Wiichhof said Wientiftihg epikst of

time slots P‘?&éh %1 Eé}ge SH&&?LBI E% E'chips and @hePa3®
station) an?t h%@:r%%tc glllpéitggga %ibg’ n a h 1 ? gctﬁsan Q’E‘e i%
active slots ar@ t‘&l‘% gholf W f.'ﬂq‘\ﬁtu‘ 3314 sa1 identifying pilot
4 signals and wherein said estimate of absolute time is used to align said
identical series of pseudo-noise code chips transmitted from said each base
6 station in said border set of base stations with relation to said identical series

of pseudo-noise code chips transmitted from said first set of base stations.

11. 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; and

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



There are many obvious variations to the present inventio [
presented including sinple architectural changes such as uﬁmmll “IH'm””“l
switch 402 with a sinple isolation circuit. The previous déscfi p'tldh df the
preferred enbodi nents is provided to enable any person skilled in the art
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the present invention. The various nodifications to these enbodi ment s
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t he use of ‘;Ehesa‘il‘?l qr 58t EORApYiSSs: Thus the present invention is not 5
Intengeg to be Idl m ted tseaicher eatbdiemodalabonwande fiien bittuiny tforbe
accorded t wi dest i st e A I NCI d vgql features
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PCT/ US96/ 13009 identifying pilot signials transmitted by each baspgstation of

CLAIMS 18 1. sdia fﬁestsymﬁﬁyfo@ baftf SMiighd'@ SETRIEN editaibrvof @ at | east

one'nmobile 2 wunit, said rising a first plurality of base
stations providing c'dﬂ’é’ers "HF'\/?%‘FBn mul tipl e access (CDMA) communi cati on,

wherein sa2@ first 4 plaipibt ggnerhtdyafor proyidingsa dramsolit pilot exdgptlysi cal | y

together, said systefyuring time when said searcher and demodulator and filter
22 circuitry are paused.
12. The cellular communication system of Claim ‘11 wherein said
2 pilot generator for providing a transmit pilot signal apparatus comprises:
I channel short code generator means for receiving said universal
4 time and creating an I channel spreading sequence at a time offset; '
a first baseband filter for receiving said I channel spreading sequence
6 and providing a filtered I channel spreading sequence;
a first mixer for modulating said filtered I channel spreading sequence
8 and producing a modulated I output signal;
Q channel short code generator means for receiving said universal
10 time and creating a Q channel spreading seqtence at said time offset;
a second baseband filter for receiving said Q channel spreading
12 sequence and providing a filtered Q channel spreading sequence;
a second mixer for modulating said filtered Q channel spreading
14 sequence and producing a modulated Q output signal; '
a summer for summing said modulated I output signal and said
16 modulated Q output signal to produce a summed modulated signal; and
upconversion and amplification means for receiving said summed
18 modulated signal and producing said transmit pilot signal.
13. The cellular communication system of Claim 11 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 and wherein at least one base
. station of said border set comprises multiple sectors and wherein each sector

6 of said at least one base station of said border set transmits an identical one
of said transmit pilot signal.



further conprising a second plurality of base stations prOVLIHIIIFWI““""N”'" '
comruni cation wusing an alternative access comuni cation ;
wherein said second plurality of base stations surrounds said fir&t " E
plurality 8 of base stations thereby creating a border set of base

st ati ons wher ei wooaktsde border set of base stations is a sebosws6aBs0sai d
second plurality of base stations 10 wheréZn each base station in said
border set has a coverage area with a contiguous boundary with a

coverage area correSﬂop}q{{ d&flﬁ&ara &g g%lﬁ%g?ﬁe 14¢ Cfaai d Wﬁe&ex%ﬁast

of base stations row [ Fom sal
communi cati ch tone Bree satiep rﬂitﬁ%ba s%ﬁtcsemﬁnﬁem sesﬁnsleem geweraipr for

conprising the icﬁ)@&m(gfa second transmit tpilotsigndl i logring QMifRC bfffasshifiédifie@ i n
said first p ur%éd eggfff?e?z)? ?&fﬁt?&engraﬁoﬁn identifying pilot signal and

CDVA cal | si band; 18 recei ving
intermttently at each base station in said border set, of base

stations an identify{sITRE |cefiufl RhmidraEt b tsgskem/ oprtg?ﬁﬁ PRiyhdrbinS said
plurality of_20 %se st.a rom sal-d recelved

n
P denti fyi ng i | SeRaIE A damerbilathg andfiltencinaiay T bR g gRbes e
transmitting interma tdentidduldtos nfaracémbirting sh adalibration slelay konstant smid af 24

base stati onp aturBebidodBsiRl A0lmah! 40 Hod sl leithlt BENON of

absol ute trme I n sai rst requency alternati ve access
communi cati on 28psolwteriMgue call signals in a different frequency band

wher ei n eachg base statémparator for Rofrgpa aﬁi&ﬁmﬁ&tnm‘oﬁmmxﬁéaime)mtm eaidi ves
said identifyi NgniVe L-é%ﬁ egg] r(qucé AT 91 tdggse ti me when transm ssion

of said |dent|fy|ng p| eﬁ paused; 30 measuri ng
at a first ndbile urd ffaiaa ?It’é‘t‘e gﬁ@ﬁatwgﬂréﬁgtfﬁr adwéaag sgid yniversal time in

i dentifying pil adcosdarivelwitle saidespareigig. t o a nei ghboring set of base
stations 32 wherein said neighboring set of base stations conprises base
stations having coverage areas in proximty to said first nobile unit;
34 recei vi ngltat 18 §ysters dorgpyiding; eormunicatiosy | withsagdeast one

correspondi ny tmobile unit, afja@@tsysm sémprisingvae figstn phiratityt acﬁfgev‘aséiaéiﬁlons
0 SO S g s €S AL
stati ons: 4 said first plurality of base stations are clustered p ysmally together, said
system further comprising a second plurality of base stations providing
6 communication using an alternative access communication 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 said
border set of base stations is a subset of said second plurality of base stations
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 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 receiving intermittently at each base station in said border set of base
" stations an identifying pilot signal transmitted by one of said first plurality of
20  base stations; : '
determining from said recelved identifying pilot signal an estimate of
22 absolute system time; and
transmlttmg intermittently from each base station in said border set of
24 'base stations an identifying pilot signal aligned to said estimate of absolute




\1/\8 97gg7646 transmtting a nessage fromsaid first mdl“mmwmﬂntwml

CDMVA system controller via at |east one base station i'n Sai 8 f¥rst
plurality of base stations 40 wherein said message indicates receipt of

said first pil wowiogeéal ; and ipitiating by said CHRRASII0M
control |l er a handoff procedure for 42 sard first nobile unit with an

alternative access techni que systemcontroller. 2. The net hod

of Gaiml furghar; conpy h?éttnﬂﬁ%m?lcgtﬁﬂﬁi QI\d algematlve accl‘e?igrwghﬁﬁﬁicg from

said alternative acces sal
syst em con?é ol teghnigue sakkgigragls i lF‘oﬁf %ff%?%?tﬁ“%ﬁ?qnﬁY ?&Fé wherg;rt eachclase étaé’é’@ess

conmuni cation ineé‘éid& |b6]gl@erf5ét of bhdz §taﬁ6ﬁs reebivies suid idenﬂlﬁﬁng pilot signal only
communi cat inhg sai.d_infor t| o 4 on, i e V. cess
conmmuni_cat ?% a‘é’éﬂ%.tﬁﬁ%‘* a%f&% %E)é e%fusirgill1 ?‘JXE égﬁt& % a(i }?acs
base station ibeepepatiseds st pI ural | ty of base stati ons 3. The
nmet hod of Claiml further conprising the step of transmitting 2 from each

bace SUSLI 00 11 90h ULt AT RS o LSLMRH S i o
d ai m 3 whe2 ei bosler cbeswfchasanstahonmrwhhhnnmhpnaesylgnktiplcoﬁprrw@ehamg a
i ndi cation of J{H% 'Bo'iﬁlﬁh ¥l @E@er%%ﬁ%ﬁe?ﬂondm tosaabéielé?a?t%nséfit I on

and wherei n_sal notes si,on .| evel atibl.e with
said first ﬁDbF?‘@fHﬁiE rahtyo ase Stah"%s ‘ﬁ%@’}??é?lﬁoﬁ“apnél%f ‘gg%ﬁegrt%'i 1% ach
base station iin saidddrdersset of base pliations ideterofinésm onlys on¢ iestimatwhiof labsalape i ses

mul tiple segtwé&m gits a different identifying pilot signal from
each of said tIple sectors and 4 wherein each base station in said
border set of base stations which conprises mul tiple sectors

transnmts an identitfl THenmethodgopi Chaimsilgnarhereineasalid oftepaotl rec@ving

mul ti pl e segt ok 0, diR¥Rrage area boundary with a

cover age arga Ezlo&rreg%oonal ng %ltééa 8 3’ station of said first plurality of
base 8 stations. 6. The nmethod of Caim1l wherein one of
sai d base stations 19 sThd method of Claim 16 wherein said step of receiving

2  intermittently has a pseudo-random pattern.

20. The method of Claim 16 wherein said step of determining from
2  said received identifying pilot signal an estimate of absolute system time
comprises the steps of:
4 receiving a terrain time delay input indicative of a transmission time
delay from said base station corresponding to said received identifying pilot
6 signal and said receiving base station; '
demodulating said received identifying pilot signal to determine a
8 current estimate of absolute time;
K comparing said estimate of absolute time with said current estimate of
10  absolute time to generate an error signal; and
adjusting said received identifying pilot signal according to said error
12 - signal. '

' 21. The method of Claim 16 wherein said etep of receiving
2  intermittently has a deterministic pattern based on said estimate of absolute
time and an identifying number assigned to each base station in said border

4 set of base stations. '

22. The method of Claim 16 further comprising the step of receiving
2  at at least one base station in said border set of base stations a message signal



2 border set of base stations which conprises nultiple s II'IIEIME“IIHH'HJ“L
conti guous boundary with a coverage area corresponding t f.

4 said first plurality of base stations and wherein said one of “sal'd base

stations in said border set of base stations determ nes only one
estimate of abwwiaawessse 6 systemtine. WO 97/ 0764 &®CT/US96/13009
PCT/ US96/ 13009 24 20 7.

The nmethod of Claim1 wherein said step of receiving 2 internmttently has a
randon1pattern i tep
of receiving 27 H?Ig%trt‘ﬁq ?}éﬁ?? gf ﬁaalyh%tg@ égﬂﬂyrogfr? Qljag'?f& vymg ‘?éé&wﬁg sglds )
The met hod &f @ﬂqitqumgmpdweisxgnghﬂsamnutte@fb)den@rqﬁ ?ﬁlﬂgfllfslt ophugality of base
recei ved ident isfa¢iond. pi | ot signal an estimate of absolute system tinme

conprises the steps of: 4 receiving a terrain time delay input

i ndi cat.ive of a transm ssion tine delay fromsaid base station
corresponding to said received identifying pilot 6 signal and said
recei ving base station; denodul ati ng said received identifying

pilot signal to determne a 8 current estimte of absolute tineg;
conparing said estimate of absolute time with said current estimate of 10
absolute tine to generate an error signal; and adj usting said
received identifying pilot signal according to said error 12 signal

10. The method of Claim1l wherein each of said identifying pilot 2
signals conprises an identical series of pseudo-noise code chips and

wher ei n atinme offset is used to distinguish between each of said
identifying pilot 4 signals and wherein said estinmate of absolute tine
is used to align said



i dentical series of pseudo-noise code chips'transnitted fromsaid each base
6- station in said border set of base stations with relation to said

i dentical series of pseudo-noi se code chips transmtted from said
first set of base stations. 11. A cellular comuni cation system
for providing oxmeamTsasati on 2 with at | east one nobile unit,PCEUsS$cA38s em
conpri si ng: ' a first plurality of base stations clustered
physically together for 4 provi di ng code division multiple access

(CDWVR) . commruni cation signals wherein each base station of said first
plurality of base stations transnmits an 4 identifying pilot signal; and

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

comuni cation . using an alternative access comuni cati on techni que
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 WO 97/ 07646

PCT/ US96/ 13009 2l station of
said first plurflity of basf stations and mher-' h ba%y station of 14

sai d border sgf conprises: ﬁc er and d&podul at or and
filter circuigfry for 16 intermttey Iy\¢-hndu Btlns and pausing at
| east one offsaid dentifying gl 70y siguah& t Lae¥qni tted by each
base statiofof 18 @ S Qi Jiefpmperimenpiell | | | V0oL @lytrSa st o ghtain
an indicatiomof a i t Ne; and P a pilot
generator for roviding a trgfismt pilot si§nal &5 during time

when said sear 8§er and denodffl ator and filteNSdy
paused. 12. The ceIIuIarMigﬁﬂun|c.
wherein said 2 at or for vi di ng
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rcuitry are
nt§§en1af Claim1ll
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| channel short code generator neans for receiving said universal 4 tine

and creating an | channel spreadi ng sequence at a tine offset; _ a
first baseband filter for receiving said | channel spreading sequence 6
and providing a filtered I channel spreadi ng sequence; a first
ni xer for nodulwasdmeessai d filtered | channel spreadi ng sequerREI/USSS/EBPY
produci ng a nodul ated | output signal; Q channel short code
generator neans for receiving said universal 10 tinme and creating a Q
channel spreadi ng sequence at said tinme offset; a second =z
baseband filter for receiving said Q gpannel spreading 12 sequenEe ang o
providing a filtered Q channel spreadi ng sequence; avseqo.i:l:da
m xer for nodulating said filtered Q channel spreading 14 sequen ang
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said nodul ated | output signal and said 16 nodul ated Q output sighal O
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15. The cellular comuni cation systemof Caim1l wherein said 2 searcher
and denodul ator and filter circuitry further conprises:: a

denodul ator for conmbining a calibration delay constant and a 4 current
pil ot signal offset nmeasurenent to produce a current indication of
absolute tinme; 6 a conparator for conparing said indication of

absol ute tine wddro36sd uni versal tinme to produce an err ACTISHHENS and
8 a varipple tine generation ciqguit for adjusting said universal
tine in accey gance W t lr=s#i-c—error—srgmat 16. 1n a system
for providing c [ ' ' | east one 2 |nobile ugit, said sysftem
conprising a fi e ptations proviiEng code divifion

mul ti pl e access
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23" time in said first frequency band and alternative access
comuni-cati on 26 technique call -signals in a different frequency band
wherei n each base station .in said border set of base stations

recei ves sai d i 6N ng pilot signal only 28 during thoserdriusesiseen
transm ssion of said identifying pilot signal has been paused.

17. The method of Claim 16 wherein one of said base stations in said 2
border set of base stations which conprises nultiple sectors having a
contiguous boundary with a coverage area corresponding to a base station of
4 said first plurality of base stations and Hherein said one of said base

stations in said border set of base stations determ nes only one
esti mate of absol ute 6 systemtime. ,—414 18. The nethod of
Claim 16 wherein 00 step of recdiving mrermytently has a random
pattern. 19. T t hod 1P iml6 W [ d step of
receiving intermttenfly has SCENERATORndon pattern

20. The *net ho Claim 16 wherein Said Step ofr daere 2 said
received identiYying pilot 0§| nal an estimate of absolute systemtinme
conprises the sfteps of: g;; . receiving a terrhin tine y iEput

i ndi cative of trans i me del ay from shid bas f
correspondi ng t i rfiiﬁ: d identifying pilot 6 si gnal Xnd/sai g,
recei ving base station;t - denodul atjng sai f received

i dentifying pﬁKHYT%anaI to determne a ,/S'égfrent est i mat e dT‘égﬁbWute
tine; SIGNALconpari ng| sai d [estTnate of absol it b t e 5 dOINTROL
current estinmate of 10 abs t | SBARCHERNDe ‘ ' ; SMGNAL
adj usting said received identifyind pDEMOBUINSTORCC g0g or

12 signal. 21. The nethod of Cjaim 16 wherein recei vi ng

2 intermittently has a deterninistic pgtefn pased on said 496 mate of
absol ut e
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(S7) Abstract

A method and apparatug for providing a reliable means to perform handoff from a code division multiple hr.cess (CDMA) s;«uem

* | using a pilot signal to an alternative access techmque system. Simple pilot box circuitry (350) is added to a set of border base stations
» | (C24-C2r). The border base stations are base stations (C24-C2r) which operate only in the alternative access technique and which have
coverage areas which are contiguons with coverage areas of CDMA. operation base stations (C1-Cls). The mobile unit (10) monitors for
the pilot signal from the border base stations (C24-C2g) in the same manner as it monitors for pilot signals from the CDMA. operation
base stations (C15-Cls). When the mobile unit (10) detects the pilot signal comresponding to a border base station (C24-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 and thus triggers a hard handoff process to the alternative access technique system in response thereto. The border
base stations (C24-C2R) use a time division duplex technique to monitor a pilot and synchronization sequence from a neighboring one of
the CDMA operation base stations to obtain an estimate of absolute gystem time.




