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SOFT HANDOFF IN A CDMA

CELLULAR TELEPHONE SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to cellular telephone systems. More
specifically, the present invention relates to a novel and improved system
for controlling handoff in communications of cell-site stations with a
10 mobile unit in a code division multiple access (CDMA) cellular telephone
system.

Il. Description of the Related Art
The use of code division multiple access (CDMA) modulation
15 techniques is but one of several techniques for facilitating
communications in which a large number of system users are present.
Although other techniques such as time division multiple access (TDMA),
frequency division multiple access (FDMA) and AM modulation schemes
such as amplitude companded single sideband (ACSSB) are known,
20 CDMA has significant advantages over these other modulation
techniques. The use of CDMA techniques in a multiple access
communication system is disclosed in U.S. Patent Application Serial
No. 06/921,261, filed October 17, 1986, entitled “SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM USING SATELLITE
25 OR TERRESTRIAL REPEATERS”, now U.S. Patent No. 4,901,307, assigned
to the Assignee of the present invention, the disclosure thereof

incorporated by reference.
In the just mentioned patent, a multiple access technique is

. disclosed where a large number of mobile telephone system users, each
30 having a transceiver, communicate through satellite repeaters or
terrestrial base stations (also known as cell-site stations, or for short, cell-
sites) using code division multiple access (CDMA) spread spectrum
. . communication signals. In using CDMA communications, the frequency
spectrum can be reused multiple times thus permitting an increase in
35 system user capacity. The use of CDMA techniques results in a much
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specifically, the present invention relates to a novel and inproved system
for cont ro‘l‘h ?fd”?&&doff in conmuni cations of cell-site stati oRET/AIS4/06416
nebile unit in a code division nultiple access (CDMA) cellul ar tel ephone
system Il. Description of the Related Art The use of code division
mul ti pl e access (CDMA) nodul ati on techniques s but one of several

techni ques for facilitating comrunications i ® which a | arge nunber of
system users are present. Although other techniques such as tine division

rrultipleaccess(EA@ b VS | |
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known, CDMA has sﬁP@hﬂlﬂPG&-nt advant ages over these other nodulation .
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systemis discl Osfgquerx]\cy' l?anclD % %?wt/idbe‘%p{nltga Ia(r)\rr]tefsewr?ilcally 30 KHz in bandwidth
5 while analog FM modulation techniques are used. The system service

area is divided geographically into cells of varying size. The available

frequency channels are divided into sets with each set usually containing

an equal number of channels. The frequency sets are assigned to cells in

such a way as to minimize the possibility of co-channel interference. For

10 example, consider a system in which there are seven frequency sets and
the cells are equal size hexagons. A frequency set used in one cell will not
be used in the six nearest or surrounding neighbors of that cell.
Furthermore, the frequency set in one cell will not be used in the twelve
next nearest neighbors of that cell. '

15 In the conventional cellular telephone system, the handoff scheme
implemented is intended to allow a call to continue when a mobile
telephone crosses the boundary between two cells. The handoff from one
cell to another is initiated when the cell-site receiver handling the call
notices that the received signal strength from the mobile telephone falls

20 below a predetermined threshold value. A low signal strength indication
implies that the mobile telephone must be near the cell border. When the
signal level falls below the predetermined threshold value, the cell-site
asks system controller to determine whether a neighboring cell-site
receives the mobile. telephone signal with better signal strength than the

25 current cell-site.

The system controller in response to the current cell-site inquiry
sends messages to the neighboring cell-sites with a handoff request. The
cell-site neighboring the current cell-site employs special scanning
receivers which look for the signal from the mobile unit on the specified

30 channel. Should one of the neighboring cell-sites report an adequate
signal level to the system controller, then a handoff will be attempted.

Handoff is then initiated when an idle channel from the channel
set used in the new cell-site is selected. A control message is sent to the
mobile telephone commanding it to switch from the current channel to

35 the new channel. At the same time, the system controller switches the call
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i nvention, the disclosure thereof incorporated by reference. In the
j ust nentloned patent, a nmultiple access technique is disclosed where a

| ar ge nunber of nobile tel ephone systenluseﬁ% each having a transceiver,
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results ina rrucm handoff may occur. Handoff can fail if there is no idle channel
5 available in the neighboring cell for communicating the call. Handoff can
also fail if another cell-site reports hearing the mobile telephone in
question, when in fact this cell-site actually hears a different mobile unit
using the same channel in a completely different cell. This reporting error
will result in the call being switched to a wrong cell, typically one in which
10 signal strength is insufficient to maintain communications. Furthermore
should the mobile telephone fail to hear the command to switch channels,
the handoff will fail. Actual operating experience indicates that handoff
failures occur frequently which questions the reliability of the system.
Another common problem in the conventional telephone system
15 occurs when the mobile telephone is near the border between two cells. In
this situation the signal level tends to fluctuate at both cell-sites. This
signal level fluctuation results in a ping-ponging situation in which
repeated requests are made to hand the call back and forth between the two
cell-sites. Such additional unnecessary handoff requests increase the
20 possibility of the mobile unit incorrectly hearing the channel switch
command or fail in hearing the command at all. Furthermore, the ping-
ponging situation raises the possibility that the call will be discontinued if
it is unnecessarily transferred to a cell in which all channels are currently
in use and thus unavailable for accepting the handoff.
25 It is therefore an object of the present invention to provide in a
cellular telephone system improvements in call handoff between cell-sites
and thus provide greater service reliability.

SUMMARY OF THE INVENTION
30

In a CDMA cellular telephone system, the same frequency band is
used for all cells. The CDMA waveform properties that provide
processing gain are also used to discriminate between signals that occupy
the same frequency band. A mobile telephone or unit thus need not

35 switch frequencies when handoff of the call is made from one cell-site to
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2 higher efficiency than can be achieved using other nulti

access tecﬁﬁ%ﬁhbgh) In the conventional cellular teIephoﬁgT@§¥WZHE‘Qhe
avai |l abl e frequency band is divided into channels typically 30 KHz in
bandw dt h whil e anal og FM nodul ati on techni ques are used. The system
service area is divided geographically into |l's of varying size. The
avai |l abl e frequency channels are divided into sets with each set usually
cont ai ni ng

another. Furthermore, the probability that the call will be discontinued if
the handoff command is received in error is substantially reduced.

In a CDMA cellular telephone system, each cell-site has a plurality
of modulator-demodulator units or spread spectrum modems. Each

5 modem consists of a digital spread spectrum transmit modulator, at least
one digital spread spectrum data receiver and a searcher receiver. Each
modem at the cell-site is assigned to a mobile unit as needed to fadlitate
communications with the assigned mobile unit. Therefore in many
instances many modems are available for use while other ones may be

10 active in communicating with respective mobile units.

In the present invention a handoff scheme is employed for a CDMA
cellular telephone system in which a new cell-site modem is assigned to a
mobile unit while the old cell-site continues to service the call. When the
mobile unit is located in the transition region between the two cell-sites,

15 the call can be switched back and forth between cell-sites as signal strength
dictates. Since the mobile unit is always communicating through at least
one cell-site, no disrupting effects to the mobile unit or in service will
occur. .

When mobile unit communications are firmly established with the

20 new cell-site, e.g. the mobile unit is well within the new cell, the old
cell-site discontinues servicing the call. The just described handoff
techniques can be considered as a “soft” handoff in communications
between cell-sites with the mobile unit. The soft handoff is in essence a
make-before-break switching function. In contrast, conventional cellular

25 telephone systems can be considered as providing a break-before-make
switching function.

In a CDMA cellular telephone system of the present invention, a
soft handoff technique is implemented which also permits the mobile
unit to initiate a handoff. The mobile unit is also permitted to determine

30 the best new cell-site to which communications are to be transferred to
from an old cell-site.

Although it is preferred that the mobile unit initiate the handoff
request and determine the new cell-site, handoff process decisions may be
made as in the conventional cellular telephone system. As discussed

35 previously with respect to conventional systems, the cell-site determines
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an equal nunber of channels. The frequency sets are assigned to cells in
such a wayWe&?¥W® 0P ni ni ze the possibility of co-channel i nter PETéLUSH/06NR
exanpl e, consider a systemin which there are seven frequency sets and the
cells are equal size hexagons. A frequency set used in one cell will not be
used in the six nearest or surroundi ng nei ghlors of that cell. Furthernore,
the frequency set in one cell will not be used in the twelve next nearest
nei.ghbors of that cell. In the conventional cellular telephone

system the hand heiRao 32”86'% opriatetay] aysem dofebllef,
conti nue when a %ﬁ?’?g t. el gég% croggr Pl %ﬁahﬁe 9 liet, Fequest

. es. th ry between,t cells. .
The handof f 1 omTERERIING; el dpresarel far; the, TRAbUlR Pt BEal - dheccell-site
recei ver handl i ngetéigingathe swongest sigwdl dshdeteemined: Bysthersyistarnr corgidllerr thien
t he nobil e tel ephaone f IZ'AB Ig/v a predeterm ned threshold value. A |low
signal strength iSRS A ﬁﬁ es that the nobile tel ephone nmust be near
the cell bordbr. Wen InnthesCRIMA cehhalar ftelephonel systeme epch ceellesite trahsmits a

threshol d value, ifitCElrlied lsfgnal. This pilot signal is used by the mobile units to
obtain initial system synchronization and to provide robust time,
frequency and phase tracking of the cell-site transmitted signals.

Each cell-site also transmits a “setup” channel comprised of spread

10 spectrum modulated information, such as cell-site identification, system
‘timing, mobile paging information and various other control signals.
The pilot signal transmitted by each cell-site is of the same spreading code
but with a different code phase offset. Phase offset allows the pilot signals
to be distinguished from one another resulting in distinguishment

15 between cell-sites from which they originate. Use of the same pilot signal
code allows the mobile unit to find system timing synchronization by a
single search through all pilot signal code phases. The strongest pilot
signal, as determined by a correlation process for each code phase, is
readily identifiable. The identified pilot signal corresponds to the pilot

20 signal transmitted by the nearest cell-site.

Upon acquisition of the strongest pilot signal, i.e. initial
synchronization of the mobile unit with the strongest pilot signal, the
mobile unit searches for the appropriate setup channel of that cell-site.
The setup channel is transmitted by the cell-site using one of a plurality of

25 different predetermined spread spectrum codes. In an exemplary
embodiment of the present invention, twenty-one different codes are
used. However, it should be understood that more or less codes could be
used in the setup channel as determined by system parameters. The
mobile unit then begins a search through all of the different codes used in

30 the setup channel. '

When the mobile unit identifies the appropriate setup code for that
cell-site, system information is received and processed. The mobile unit

. further monitors the setup channel for control messages. One such
| control message would indicate a call is waiting for transfer to this mobile

35 unit.
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asks systemcontroller to determ ne whether a neighboring cell-site

recei ves t OO, t el ephone signal with better signal streREWUSRMI6S e
current cell-site. The system controller in response to the current
cell-site inquiry sends nessages to the neighboring cell-sites with a
handof f request. The cell-site nei ghboring thg current cell-site enploys
speci al scanning receivers which | ook for the signal fromthe nobile unit
on the specified channel. Should one of the neighboring cell-sites report
an adequate signal | eviie heobile unjtstamtimoest twktan the receised gitistl Earviek Isigeal

Channbl set used TG Retcepde BlsdtF cb b BEndi f RelgiBrinlE I Esue fpfshlfed
sent to the nobilpiloebignalse Thisrseanning is domesin tarder tondeteemine ritthe pilot
g\r/]\natngﬁlast fhtehgalnleé’i’gﬁglagﬂ\ealn'atﬁtg b3t SRIEABOMTRg deiR RYBE&I Y stANgEF than the
5 pilot signal first determined to be strongest. If, while in this call inactive

mode, a neighbor cell-site pilot signal becomes stronger than that of the

initial cell-site transmitted pilot signal, the mobile unit will acquire the

stronger pilot signal and corresponding setup channel of the new cell-site.

When a call is initiated, a pseudonoise (PN) code address is

10 determined for use during the course of this call. The code address may be
either assigned by the cell-site or be determined by prearrangement based
upon the identity of the mobile unit. After a call is initiated the mobile
unit continues to scan the pilot signal transmitted by cell-sites located in
neighboring cells. Pilot signal scanning continues in order to determine if

15 one of the neighboring cell-site transmitted pilot signals becomes stronger
than the pilot signal transmitted by the cell-site the mobile unit is in
communication with. When the pilot signal transmitted by a cell-site
located in a neighboring cell becomes stronger than the pilot signal
transmitted by a cell-site in the current cell, it is an indication to the

20 mobile unit that a new cell has been entered and that a handoff should be
initiated. In response to this pilot signal strength determination, the
mobile unit generates and transmits a control message to the cell-site
presently servicing the call. This control message, indicative that a new
cell-site transmitted pilot signal is now stronger than the current cell-site

25 transmitted pilot signal, is provided to the system controller. The control
message further contains information identifying the new cell-site and PN
code. The control message as relayed to the system controller is
interpreted that a handoff in mobile unit communications to the
identified new cell-site is to begin. .

30 The system controller now begins the handoff process. It should be
understood that during handoff the PN code address of the particular
mobile unit which is to undergo the handoff process need not change.
The system controller begins the handoff by assigning a modem located in
the new cell-site to the call. This modem is given the PN address

35 associated with the call in communications between the mobile unit and
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fromty %]‘;'6 cell-site to the second cell-site. (}f
convent I ona em acall wll be discontinued if the hando1P {bStaeHs
cell-site is unsuccessful There are nany reasons that a failure in handoff
may occur. Handoff can fail if there is no idle channel available in the
nei ghboring cell for communicating the call.7 Handoff can also fail if
another cell-site reports hearing the nobile tel ephone in question, when in

fact this cell-site actually hears a different nobile unit
the current cell-site modem. The new cell-site modem assigned to service

the call searches for and finds the mobile unit transmitted signal. The
cell-site modem also begins transmitting outbound signals to the mobile
unit. The mobile unit searches for the outbound signals in accordance

5 with the signal and setup channel information provided by the new cell-
site.

When the new cell-site modem transmitted signal is acquired, the
mobile unit switches over to listening to this signal. The mobile unit then
transmits a control message indicating that handoff is complete. The

10 control message is provided by either or both of the old and new cell-site
modems to the system controller. In response to this control message the
system controller switches the call over to the new cell-site modem alone
while discontinuing the call through the old cell-site modem. The old
cell-site modem then enters a pool of idle modems available for

15 reassignment.

As an additional improvement, the handoff process can introduce a
second mode of operation. This second mode is referred to herein as the
cell-site diversity mode. The subject matter on the cell-site diversity mode
is further Jisclosed in copending U.S. Patent Application entitled

20 “DIVERSITY RECEIVER IN A CDMA CELLULAR TELEPHONE SYSTEM”,
Serial No. 07/432,552 , filed November 7, 1989, by the inventors hereof and
assigned to the Assignee of the present invention.

In the cell-site diversity mode the call is allowed to linger in the
in-between state as described above with reference to the call being

25 processed by two cell-sites. In the exemplary embodiment described herein
with reference to the mobile telephone of the present invention, a total of
three demodulator processors or receivers are utilized. One of the
receivers is used for the scanning function, while the two other receivers
are used as a two channel diversity receiver. During operation in a single

30 cell, the scanning receiver attempts to find the cell-site transmitted signal
travelling upon multiple paths to the mobile unit. These multi-path
signals are typically caused by reflections of the signals from terrain
buildings, and other signals obstructions. When two or more such
reflections are found, the two receivers are assigned to the two strongest

35 paths. The scanning receiver continues to evaluate the multiple paths to

This Sheet Has Been Replaced




usi ng the sane channel in a conpletely different cell. This reporting error
will resul t WWOVA®2al | being switched to a wong cell, typicaPGI/bR0/ed16
whi:ch signal strength is insufficient to nmaintain comunications.

Furthernore should the nobile tel ephone fail to hear the conmand to switch

channel s, the handoff will fail. Actual operatjng experience indicates that
handoff failures occur frequently which questi®ns the reliability of the
system Anot her conmon problen1|n t he conventional tel ephone system

occurs when the mopj] gna‘le F:Bce iv a%ch??ﬁ:zgﬂrqfﬂh 9%%&}(&?@5 §troh%est

this situation the Si t uctuate at sites
signal level fluctpaths@s pathgrndi WW}EWSQ pongi ng situation in which
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cell-sites. Such ad tlonal unnece%&%% tp\andoff re uests
t

possibility of theCalisBite ds determin § sRarFh g FW«?’chﬁ\?erQV\f‘fc@ﬁvers are
command or fail§ i nadsiggriedt temodulatertheadignals. orFthé bironpgest, Mchpathmqf the four

ponging situation pay35%aiie’AoR thé bhiginddett-Hife GRd frW IndRed E828HE VA%
data demodulation process uses information from both of these receivers
in a diversity combining operation. The result of this diversity combining
operation is a greatly improved resistance to deleterious fading that may
10 occur in the multipath cellular telephone environment.

Although different types of diversity combining techniques are
known in the art, the present invention uses diversity combining to
significantly advance the quality and reliability of communications in a
mobile cellular telephone system. In the present invention a form of

15 maximal ratio combining is utilized. The signal-to-noise ratio is
determined for both paths being combined with the contributions from
the two paths weighted accordingly. Combining is coherent since pilot
signal demodulation allows the phase of each path to be determined.

In the path from the mobile unit to the two cell-sites, path diversity

20 reception is also obtained by having both cell-sites demodulate the mobile
unit transmitted signals. Both cell-sites forward their demodulated data
signals to the system controller along with an indication of signal quality
in the cell-sites receiver. The system controller then combines the two
versions of the mobile unit signal and selects the signal with the best

25 quality indication. It should be understood that it is possible to transmit
the undecoded or even the undemodulated signals to the system
controller in order to allow a better diversity combining process to be
utilized.

The. handoff process in the cell diversity mode is initiated as

30 previously discussed. The mobile unit determines that a neighboring
cell-site transmitted signal is of a signal strength great enough to allow
good quality demodulation of the signal. The mobile unit transmits a
control message to the current cell-site indicating the identity of this new
cell-site and a request for the cell diversity mode. The cell-site then relays

35 the cell-site identity and request to the system controller.
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it is unngcﬁﬁ@r_b%&y transferred to a cell in which all channels are
currently \ d9%nd thus unavail able for accepting the handdf§T/US90/06816 j s
t herefore an object of the present invention to provide in a cellular

t el ephone systeminprovenents in call handoff between cell-sites and thus
provide greater service reliability. 9 SUMMVARY CF THE

| NVENTI ON In a COMA cellular tel ephoné system the sanme frequency
band is used for all cells. The CDVA waveform properties that provide
processing gain are alThe systesh tconticllerirespotds bgtcorectngniblescalhad aormdeyn

e sare rCavery i FURNLE, ToE P b 550 By o
combining of the signals received by the two cell-sites while the mobile
unit performs diversity combining of the signals received from the two

5 cell-sites. The cell diversity mode continues as long as signals received
from both cell-sites are of a level sufficient to permit good quality
demodulation.

The mobile unit continues to search for signals transmitted from
other cell-sites. If a third cell-site transmitted signal becomes stronger than
10 one of the original two cell-site signals, the control message is then
transmitted by the mobile unit via at least one current cell-site to the
system controller. The control message indicates the identity of this
cell-site and a request for handoff. The system controller then
discontinues the call being communicated via the weakest cell-site signal
15 of the three while providing the call through the two strongest cell-sites.
Should the mobile “units be equipped with additional receivers, such as -
three receivers, a triple cell-site diversity mode may be implemented.
The cell-site diversity mode is terminated when the mobile unit
determines that only one cell-site is providing adequate signals for quality
20 demodulation. The mobile unit then sends a control message indicative
of the cell-site to remain in communication upon termination of the cell-
site diversity mode. The cell-site diversity mode may also be terminated
by the system controller if the system were to become overloaded with an
insufficient number of modems available to support all mobile unit
25 requests for this mode of operation. The cell-site diversity mode as
discussed is implemented by decisions being made at the mobile unit to
operate in the cell-site diversity mode. However, it should be understood
that the cell-site diversity mode can be implemented with the decisions for
operation in this mode being made at the system controller.
30 The present invention provides a substantial improvement over
present cellular telephone systems with respect to mobile unit handoff.
The make-before-break handoff mechanism of the present invention is a
significant improvement in overall system reliability with lower service
disruption. The implementation of a cell-site diversity mode provides
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comrand is received in error is substantially r

In-a CDVA cel lul ar tel ephone system each cell-site has a plurality of
nodul at or - denodul ator units or spread spectrum nodens. Each nodem consi sts
of a digital spread spectrumtransnit nodul atygr, at |east one digital
spread spectrum data receiver and a searcher receiver. Each nodem at the
cell-site is assigned to a nobile unit as needed to facilitate
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providing additional system reliability and quality in communications.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention will become
more apparent from the detailed description set forth below when taken
in conjunction with the drawings in which like reference characters
correspond throughout and wherein:

Figure 1 is a schematic overview of an exemplary CDMA cellular
telephone system in accordance with the present invention;

Figure 2 is a block diagram of a mobile unit telephone configured
for COMA communications in a CDMA cellular telephone system;

Figure 3 is a block diagram of a cell-site equipment in a CDMA
cellular telephone system; and

Figure 4 is a block diagram of a mobile telephone switching office
equipment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An exemplary telephone system in which the present invention is
embodied is illustrated in Figure 1. The system illustrated in Figure 1
utilizes CDMA modulation techniques in communication between the
system mobile units or mobile telephones, and the cell-sites. Cellular
systems in large cities may have hundreds of cell-site stations serving
hundreds of thousands of mobile telephones. The use of CDMA
techniques readily facilitates increases in user capacity in systems of this
size as compared to conventional FM modulation cellular systems.

In Figure 1, system controller and switch 10, also referred to as
mobile telephone switching office (MTSO), typically includes interface and
processing circuitry for providing system control to the cell-sites.
Controller 10 also controls the routing of telephone calls from the public
switched telephone network (PSTN) to the appropriate cell-site for
transmission to the appropriate mobile unit. Controller 10 also controls
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|r;stances ens are avail able for use while other ones may be active
in commnl“ﬁlgx/ﬂgg th respective mobile units. In the d’r(@%éb'ﬁ?ﬂ/“(ﬂlﬁ

i nvention a handoff schene is enployed for a CDVA cel lul ar tel ephone system
in which a newcell-site nodemis assigned to a nobile unit while the old
cell-site continues to service the call. Wh the nobil'e unit is located in
the transition region between the two cell-sites, the call can be sw tched
back and forth between cell-sites as signhal strength dictates. Since the

mobile unit is a[heamtﬁfgmﬂ@anﬁhdm thhrmuwhe ainitscada adrieastadre aéll-gite no the

di srupting effec o] no. u [ I

nobi | 2 unigt comﬁ%ﬁ‘r@at trgﬁ ﬁlor {écg faei &’%&r\@ﬁh %ocbﬁgewuégﬁ vg V\Bg

e.g. the nobil e appropriateetdll-site tﬂtammﬁe singe suth mobileougitsedb- sot eypxcauy

di sconti nues Serl’éxﬁbﬂﬂy{'&@ Cﬁ?#ﬂfy m bh'éta g&&q.rl bed handof f techni ques can
SO f

be consi dered as in cormunl cati on? between cell-sites wth
the nobile ufit. The Centrollemidmay; ke rouple I-sites by various means such

as dedicated telephone lines, optical fiber links or by microwave
communication links. In Figure 1, three such exemplary cell-sites, 12, 14
and 16 along with an exemplary mobile unit 18, which includes a cellular
telephone, are illustrated. Arrows 20a-20b define the possible
10 communication link between cell-site 12 and mobile unit 18.
" Arrows 22a-22b define the possible communication link between cell-site
14 and mobile unit 18. Similarly, arrows 24a-24b define the possible
communication link between cell-site 16 and mobile unit 18.
The cell-site service areas or cells are designed in geographic shapes
15 such that the mobile unit will normally be closest to one cell-site. When
the mobile unit is idle, i.e. no calls in progress, the mobile unit constantly
monitors the pilot signal transmissions from each nearby cell-site. As
illustrated in Figure 1 the pilot signals are respectively transmitted to
mobile unit 18 by cell-sites 12, 14 and 16 respectively upon communication
20 links 20b, 22b and 24b. The mobile unit then determines which cell it is in
by comparing pilot signal strength transmitted from these particular
cell-sites.
In the example illustrated in Figure 1, mobile unit 18 may be
considered closest to cell-site 16. When mobile unit 18 initiates a call, a
25 control message is transmitted to the nearest cell-site, cell-site 16. Cell-site
16 upon receiving the call request message, signals system controller 10
and transfers the call number. System controller 10 then connects the call
through the PSTN to the intended recipient.
Should a call be initiated within the PSTN, controller 10 transmits
30 the call information to all the cell-sites in the area. The cell-sites in return
transmit a paging message to the intended recipient of mobile unit. When
the mobile unit hears a page message, it responds with a control message
that is transmitted to the nearest cell-site. This control message signals the
system controller that this particular cell-site is in communication with
35 the mobile unit. Controller 10 then routes the call through this cell-site to
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make- bef ore‘,- break' switching function. In contrast, conventional cellular

t el ephone E%?Hﬂﬁoz@an be consi dered as providi ng a break- bef orRCH&IS20/06416
swi t ching function. In a CDVA cel lul ar tel ephone system of the
present invention, a soft handoff technique is inplenmented which also
permts the nobile unit to initiate a handoffu The nobile unit is also
permtted to determ ne the best new cell-sité to which comuni cations are
to be transferred to froman old cell-site. Al though it is preferred
that the nobile YRetmbbileiwdiie t he handoff request and determ ne the new

Col 1oLt handoflpr Eeaatesk e U TR TA%oLing foddises e b s
conventional systcelissite, eellsitel 165 anatttmpt isi mage to continue the call by routing the
call through another cell-site. In the handoff process there are two
5 different methods of initiating the handoff of the call or routing through

another cell-site.

The first method, called the cell-site initiated handoff, is similar to
the handoff method employed in the original first generation analog
cellular telephone systems currently in use. In the cell-site initiated

10 handoff method, the initial cell-site, cell-site 16, notices that the signal
transmitted by mobile unit 18 has fallen below a certain threshold level.
Cell-site 16 then transmits a handoff request to system controller 10.
Controller 10 relays the request to all neighboring cell-sites, 14, 12 of cell-
site 16. The controller transmitted request includes information relating

15 to the channel, including the PN code sequence used by mobile unit 18.
Cell-sites 12 and 14 tune a receiver to the channel being used by the mobile
unit and measure the signal strength, typically using digital techniques. If
one of cell-sites 12 and 14 receivers report a stronger signal than the initial
cell-site reported signal strength, then a handoff is made to this cell-site.

20 The second method of initiating a handoff is called the mobile
initiated handoff. The mobile unit is equipped with a search receiver
which is used to scan the pilot signal transmission of neighboring cell-sites
12 and 14, in addition to performing other functions. If a pilot signal of
cell-sites 12 and 14 is found to be stronger than the pilot signal of cell-site

25 16, mobile unit 18 transmits a control message to the current cell-site, cell-
site 16. This control message contains information identifying the cell-site
of greater signal strength in addition to information requesting a handoff
of this cell-site. Cell-site 16 transfers this control message to controller 10.

The mobile initiated handoff method has various advantages over

30 the cell-site initiated handoff method. The mobile unit becomes aware of
changes in paths between itself and the various neighboring cell-sites
much sooner and with less effort than the cell-sites are capable of doing.
However, to perfbrm a mobile initiated handoff, each mobile unit must be
provided with a searching receiver to perform the scan function.

35 However, in the exemplary embodiment described herein of a mobile unit
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5 when ayyl tf,nmay be appropriate and, via the systemcontgrQller

request nt\a\r}gﬁg@r’ézﬁ‘g %:/el l's ltog sgarch for the nobile ﬁnit si gnaﬁ;&’*@"’““““
cell-site receiving the strongest signal as determ ned by the system
controll er then accepts the handoff. In the CDVA cel lul ar tel ephone
system each cell-site transmts a "pilot cagrier" signal. This pilot

signal is used by the nobile units to obtain initial system synchronization
and to provide robust tinme, frequency and phase tracking of the cell-site
transmtted si gfdDMA communications capability, the search receiver has additional

functions which require its presence.
Figure 2 illustrates in block diagram form an exemplary mobile unit
cellular telephone. The mobile unit includes an antenna 30 which is
5 coupled through diplexer 32 to analog receiver 34 and transmit power
amplifier 36. Antenna 30 and diplexer 32 are of standard design and
permit simultaneous transmission and reception through a single
antenna. Antenna 30 collects transmitted signals and provides them
through diplexer 32 to analog receiver 34. Receiver 34 receives the RF
10 frequency signals from diplexer 32 which are typically in the 850 MHz
frequency band for amplification and frequency downconversion to an IF
frequency. This frequency translation process is accomplished using a
frequency synthesizer of standard design which permits the receiver to be
tuned to any of the frequencies within the receive frequency band of the
16 overall cellular telephone frequency band.
The IF signal is then passed through a surface acoustic wave (SAW)
bandpass filter which in the preferred embodiment is approximately
1.25 MHz in bandwidth. The characteristics of the SAW filter are chosen
to match the waveform of the signal transmitted by the cell-site which has
20 been direct sequence spread spectrum modulated by a PN sequence clocked
at a predetermined rate, which in the preferred embodiment is 1.25 MHz.
This clock rate is chosen to be an integer multiple of a number of common
data rates such as 16 Kbps, 9.6 Kbps, and 4.8 Kbps.
Receiver 34 also performs a power control function for adjusting
25 the transmit power of the mobile unit. Receiver 34 generates an analog
power control signal that is provided to transmit power control circuitry
38. The control and operation of the mobile unit power control feature is
disclosed in copending U.S. Patent Application entitled “METHOD AND
APPARATUS FOR CONTROLLING TRANSMISSION POWER IN A
30 CDMA CELLULAR MOBILE TELEPHONE SYSTEM”, Serial
No. 07/433,031, filed November 7, 1989, by the inventors hereof and
assigned to the Assignee of the present invention.
Receiver 34 is also provided with an analog to digital (A/D)
converter (not shown) for converting the IF signal to a digital signal with
35 conversion occurring at a 9.216 MHz clock rate in the preferred
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Each cell-site also transmts a "setup" channel conprised of read
spect rumWeAMEOMY i nfornmation, such as cell-site identifi caf)&gﬁs(@{/‘%ﬁ‘éh
timng, nobile paging information and various other control signals. The
pilot signal transmitted by each cell-site is of the sane spreadi ng code
but with a different code phase offset. Phaig of fset allows the pil ot
signals to be distinguished fromone another “resulting in distinguishnment
between cell-sites fromwhich they originate. Use of the same pilot signal

C_Odel al | ows Lhteﬁmé iﬁ\%}}?i&h;&lﬁi Hactl Sélgg't HHg&S"ﬂ’@Y’fhﬁhhq{Iiﬂet | Dhve kdygitized
single searc rough, a j]op sign ode_phases, - pi.L o

signal, as detersi§ d‘-"o)P"QBBJ&qt' é?a% OErt(%%s%r m?reegli“aéoég&%ﬁgérg, bll. sél‘ata
readi |y identifijakdiQersihond 8ewhicheid piseatcher greakivesr withpthedsemaindes being

signal transm ttéd bé t.he nearest cell-site. Upon acqui sition of the
strongest pil ot t@;ﬁ fel #TSe. initi al synchroni zation of the nobile unit

with the str@ngest pilnoFigarg@athe digitiredisignal qutputromdecqiver 84 ds provided

appropriate setyg GBA0Nhta"feckRRts §6'ahd™4Z &nd to searcher receiver 44. It should be
understood that an inexpensive, low performance mobile unit might
have only a single data receiver while higher performance units may have
two or more to allow diversity reception.

10 The digitized IF signal may contain the signals of many on-going
calls together with the pilot carriers transmitted by the current and all
neighboring cell-sites. The function of the receivers 40 and 42 are to
correlate the IF samples with the proper PN sequence. This correlation
process provides a property that is well-known in the art as “processing

15 gain” which enhances the signal-to-interference ratio of a signal matching
the proper PN sequence while not enhancing other signals. Correlation
output is then synchronously detected using the pilot carrier from the
closest cell-site as a carrier phase reference. The result of this detection
process is a sequence of encoded data symbols.

20 A property of the PN sequence as used in the present invention is
that discrimination is provided against multipath signals. When the
signal arrives at the mobile receiver after passing through more than one
path, there will be a difference in the reception time of the signal. This
reception time difference corresponds to the difference in distance divided

25 by the speed of light. If this time difference exceeds one microsecond, then
the correlation process will discriminate against one of the paths. The
receiver can choose whether to track and receive the earlier or later path.
If two receivers are provided, such as receivers 40 and 42, then two
independent paths can be tracked and in parallel.

30 Searcher receiver 44, under control of control processor 46 is for
continuously scanning the time domain, around the nominal time of a
received pilot signal of the cell-site, for other multi-path pilot signals from
the same cell-site and for other cell-site transmitted pilot signals. Receiver
44 will measure the strength of any reception of a desired waveform at

35 times other than the nominal time. Receiver 44 compares signal strength
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The setup channel is transmtted by the cell-site using one of a plurality
of differdHP I er ni ned spread spectrum codes. In an exenpP@FALS90/06416
enbodi ment of the present invention, twenty-one different codes are used.
However, it should be understood that nore or |ess codes could be used in
the setup channel as determ ned by system paraneters. The nobile unit then
begins a search through all of the different’™¥codes used in the setup
channel . When the nobile unit identifies the appropriate setup code

for that cell-sijfne fifE SiErAe™! ReGeil rugﬁio;o?d’esamiﬁacggrggﬁgh 38fa) to

mobil e unit further nonitors e setup chann or contY ol ges:
such control nesenisel RROCessOr 46 indicative.qfi thejsirangest SigMAY: transfer to this

nobile wunit. Processor 46 provides signals to digital data receivers 40 and 42 for
each to process a different one of the strongest signals. On occasion

5 another cell-site transmitted pilot signal is of greater signal strength than

the current cell-site signal strength. Control pfocessor 46 then would

generate a control message for transmission to the system controller via

the current cell-site requesting a transfer of the cell to-the cell-site

corresponding to the stronger pilot signal. Receivers 40 and 42 may

10 therefor handle calls through two different cell-sites.

The outputs of receivers 40 and 42 are provided ‘to diversity
combiner and decoder circuitry 48. The diversity combiner circuitry
contained within circuitry 48 simply adjusts the timing of the two streams
of received signals into alignment and adds them together. This addition

15 process may be proceeded by multiplying the two streams by a number
corresponding to the relative signal strengths of the two streams. This
operation can be considered a maximal ratio diversity combiner. The
resulting combined signal stream is then decoded using a forward stream
error detection decoder also contained within circuitry 48.

20 In the exemplary embodiment convolutional encoding is utilized.
The convolutional encoding has a constraint length 9 and a code rate 1/3,
i.e. three encoded symbols are produced and transmitted for every
information bit to be transmitted. The optimum decoder for this type of
code is of the soft decision Viterbi algorithm decoder design. The resulting

25 decoded information bits are passed to the user digital baseband circuitry
50. |

Baseband circuitry 50 typically includes a digital vocoder (not
shown). Baseband circuitry 50 further serves as an interface with a
handset or any other type of peripheral device. Baseband circuitry 50

30 accommodates a variety of different vocoder designs. Baseband circuitry
50 provides output information signals to the user in accordance with the
information provided thereto from circuitry 48.

User analog voice signals typically provided through a handset are
provided as an input to baseband circuitry 50. Baseband circuitry 50

35 incudes an analog to digital (A/D) converter (not shown) which converts
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é h [le unit continues to scan the received pil ot
si gnal cog‘e(?g?})"?h%’ code offsets correspondi ng to nei ghbori ng céﬁllsgpf“é‘"“

transmtted pilot signals. This scanning is done in order to determne if
the pilot signal emanating from neighboring cells is becom ng stronger than
the pilot signal first determned to be stroggest. I[f, while in this call

I nactive node, a neighbor cell-site pilot signhal becones stronger than that
of the initial cell-site transmtted pilot signal, the nobile unit wll

acquire the strogeanaidgosighabnal digital dormes Foecdigital cxignalcisaprosided tohthe
new cell-site. digital vocoder where it is encoded. The vocoder output is provided to a
forward error correction encoding circuit (not shown) for error correction.
This voice digitized encoded signal is output from baseband circuitry 50 to

5 transmit modulator 52.

Transmit modulator 52 modulates the encoded signal on a PN
carrier signal whose PN sequence is chosen according to the assigned
address function for the call. The PN sequence is determined by control
processor 46 from call setup information that is transmitted by the cell-site

10 and decoded receivers 40 and 42. In the alternative, control processor 46
may determine the PN sequence through prearrangement with the
cell-site. Control processor 46 provides the PN sequence information to
transmit modulator 52 and to receivers 40 and 42 for call decoding.

The output of transmit modulator 52 is provided to transmit power

15 control circuitry 38. Signal transmission power is controlled by the analog
power control signal provided from receiver 34. Furthermore, control bits
are transmitted by the cell-sites in the form power adjustment command
and are processed by data receivers 40 and 42. The power adjustment
command is used by the control processor in setting the power level in

20 mobile unit transmission. In response to the power adjustment
commands, control processor 46 generates a digital power control signal
that is provided to circuitry 38. Further information on the
interrelationship of the receivers 40 and 42, control processor 46 and
transmit power control 35 are also further described in the

25 above-mentioned copending patent application.

Transmit power control circuitry 38 outputs the power controlled
modulated signal to transmit power amplifier circuitry 36. Circuitry 36
amplifies and converts the IF signal to an RF frequency by mixing with a
frequency synthesizer output signal which tunes the signal to the proper

30 output frequency. Circuitry 36 includes an amplifier which amplifies the
power to a final output level. The intended transmission signal is output
from circuitry 36 to diplexer 32. Diplexer 32 couples the signal to antenna
30 for transmission to the cell-sites.

Control processor 46 is also capable of generating control messages

35 such as cell-diversity mode requests and cell-site communication
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Wien a calo bfrohdat | at ed, a pseudonoi se (PN) code address is ﬁﬁ BAEHf O
e

use during the course of this call. The code address may be er aSS|gned
by the cell-site or be determ ned by prearrangenent based upon the identity
of the nmobile unit. After a call is initiated the nobile unit continues to

scan the pilot signal transmtted by cell-silfes | ocated in neighboring
cells. Pilot signal scanning conti nues in order to determne if one of the
nei ghboring cell-site transm tted E?SI ghal s begcones stronger than the
pi |l ot signal tramm:ma@enbyomae 3' g€ (GUMMANGS: afk; prowided to transmit

lCOffmtmijcat ion w Hﬁgdﬂm 521R>rptrhﬁ§m$35m1?| Gdh@liﬂf’pﬁdcetskr??ywlls:féslpoﬁsivi@ to the
ocat e in a nei orin e nes Stro e n 110 S a

et o by adat Techived tram At teceiiers 2042 SRE sealh Peceliverd4BR maxing.
nmobi | e unit that decisions xeldtiveato hamdofé andrdiversity combimingandof f shoul d be

ni tiated. 11 responsgy f g 1 syRidilees! gRabisiy eag aqﬁt?pg&n f CBxerhffary

nobil e unit dener ates S a cont ro mess I =S
present|y servi cempodimenslof thicellesite equipmentgeAti the caltl-usv«e, ttWe recehvey

systems are utilized with each having a separate antenna and analog
receiver for space diversity reception. In each of the receiver systems the
signals are processed identically until the signals undergo a diversity
10 combination process. The elements within the dashed lines correspond to
"elements corresponding to the communications between the cell-site and
one mobile unit. . The output of the analog receivers are also provided to
other elements used in communications with other mobile units.
In Figure 3, the first receiver system is comprised of antenna 60,
15 analog receiver 62, searcher receiver 64 and digital data receiver 66. This
receiver system may also include an optional digital data receiver 68. The
second receiver system includes antenna 70, analog receiver 72, searcher
receiver 64 and digital data receiver 66. Also utilized in signal processing
and control for handoff and diversity is cell-site control processor 78. Both
20 receiver systems are coupled to diversity combiner and decoder
circuitry 80. Digital link 82 is utilized to communicate signals to and from
the MTSO (Figure 4) with cell-site transmit modulator 84 and circuitry 80
under the control of control processor 78.
Signals received on antenna 60 are provided to analog receiver 62.
25 Received signals amplified by an amplifier in receiver 62 are translated to
an IF frequency by mixing with a frequency synthesizer output signal. The
IF signals are bandpass filtered and digitized in a process identical to that
described with reference to the mobile unit analog receiver. The digitized
IF signals are provided to digital data receiver 66, optional data receiver 68
30 and searcher receiver 64 and are processed respectively in a manner
similar to that as disclosed with reference to the digital data receivers and
searcher receiver of the mobile unit in Figure 2. However, the processing
by the digital data receivers and searcher receivers are different for the
mobile to cell-site link from that used in the cell-site to mobile link in
35 several respects.
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cell-site transmtted pilot signal is now stronger than the current
cell-site WRRWH920d pilot signal, is provided to the systemRGHLSINMIEHI6
The control nessage further contains information identifying the new
cell-site and PN code. The control nessage as relayed to the system
controller is interpreted that a handoff in ile unit comunications to
the identified newcell-site is to begin. The systemcontroll er now
begi ns the handoff process. It should be understood that during handoff the

PN code address of thelpahé isbdaid,Gromodileninitwbicell-site link Whdemabile it does

handof f process need not change. The sgerr;1 ont rglfl el ReY! Qsl‘e} he handof f es

by assigning a no&ehimagsmka Hqﬁttsllﬂa“ﬂnga £34 -%gl‘{s@ t'87 €R %&I FeteTiie® RBTRM

i s given the PN agdsiaml grocesshigadt the tellisttec aThus,theamobile antit 0o cellesiteelink

the mobile unit anky,es a non-coherent modulation and demodulation scheme using
5 64-ary orthogonal signalling.

Searcher receiver 64 is again used to scan the time domain about the
receiver signal to ensure that the associated digital data receiver 66, and
data receiver 68 if used, are tracking and processing the strongest available
time domain signal. This tracking process is identical to that described

10 with reference to the mobile unit. Searcher receiver 64 provides a signal
to cell-site control processor 75 which provides control signals to digital
data receivers 66 and 65 for selecting the appropriate received signal for
processing.

In the 64-ary orthogonal signalling process, the mobile unit

15 transmitted symbols has one of 64 different possibilities. A 6 bit symbol is
encoded into one of 26, i.e. 64, different binary sequences. The set of
sequences chosen are known as Walsh functions. The optimum receive
function for the Walsh function is the Fast Hadamard Transform (FHT).
In searcher receiver 64 and digital data receivers 66 and 68, the input

20 signal is correlated as discussed with reference to the mobile unit
receivers, with the correlator output fed to a FHT processor. The FHT
processor produces a set of 64 coefficients for every 6 symbols. The 64
symbols are then multiplied by a weighting function generated in the
receiver. The weighting function is linked to measured signal strength.

25 The weighted data is then provided as an output to diversity combiner
and decoder circuitry S0.

The second receiver system processes the received signals in a
manner similar to that discussed with respect to the first receiver system
of Figure 3. The weighted 64 symbols output from receivers 66 and 76 are

30 provided to diversity combiner and decoder circuitry 80. Circuitry 80
includes an adder which adds the weighted 64 symbols from receiver 66 to

' the weighted 64 symbols from receiver 76. The resulting 64 coefficients are
compared with one another in order to determine the largest coefficient.

The magnitude of the comparison result, together with the identity.or the

35 largest of the 64 coefficients, is used to determine a set of decoder weights
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7 the cugy, efJgl -Site nodem The new cell-site rmdemassig‘;te'd Lyl ce
the call é\;(g?g/ﬁégof or and finds the nobile unit transmtted si gn/é}sgoé‘ﬁéy
cell-site nodem al so begins transmtting outbound signals to the nmobile
unit. The nobile unit searches for the outbound signals in accordance with
the signal and setup channel information proygded by the new cell- site.
When the new cell-site nbdemtransmtted signal is acquired, the nobile
unit switches over to listening to this signal. The nobile unit then

and symbols for use within a Viterbi algorithm decoder implemented in

drcuitry 80.

The Viterbi decoder is preferably of a constraint length 9, and of a

code rate 1/2. The Viterbi decoder is utilized to determine the most likely

5 information bit sequence. For each vocoder data block, nominally 15

msec. of data, a signal quality estimate is obtained and transmitted as a

mobile unit power adjustment command along with data to the mobile

unit. Further information on the generation of this quality estimate is

discussed in further detail in the co-pending application mentioned above.

10 This quality estimate is the average signal-to-noise ratio over the 15 msec.
interval.

In Figure 3, optional digital data receiver 68 may be included for
improved performance of the system. This additional data receiver alone
or in combination with additional receivers can track and receive other

15 possible delay paths of mobile unit transmitted signals. The structure and
operation in this receiver is similar to that described with reference to the -
digital data receivers 66 and 76. Receiver 68 is utilized to obtain additional
diversity modes. Optional additional digital data receivers providing
additional diversity modes are extremely useful in those cell-sites which

20 are located in dense urban areas where many possibilities for multipath
signals occur.

Signals from the MTSO are coupled to the appropriate transmit
modulator via digital link 82 under control of control processor 78.
Transmit modulator 84 spread spectrum modulates, according to a

25 predetermined spreading function as assigned by control processor 78, the
data for transmission to the intended recipient mobile unit. The output of
transmit modulator 84 is provided to transmit power control circuitry 86
where under the control of control processor 78 the transmission power

. may be controlled. The output of circuitry 86 is provided to transmit

30 power amplifier circuitry 88. '

Circuitry 88 includes a summer for summing the output of transmit
modulator 84 with the output of other transmit modulators at the cell-site.
Circuitry 88 further includes a summer for summing the pilot signal
output from pilot signal generator 90 with the summed transmit

35 modulator output signals. Circuitry 88 also includes a digital to analog
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transmts &é n} 9&0 message indicating that handoff is conplete. The
control ne Séq provi ded by either or both of the old and f&W/&8P0/LLedk6e
nodens to the systemcontroller. In response to this control nessage the
systemcontroller switches the call over to the new cell-site nodem al one
whi | e di scontinuing the call through the old ell-site nodem The old
cell-site nodemthen enters a pool of idle ens avail able for

reassi gnment . As an additional inprovenent, the handoff process can

i ntroduce a secongonvatter)f fregalenicyonupcotiversirordrduitls | #nd eafr fagsiplifier for
herein as the cell-sit '

di versity node i srqsﬂf"tt'%lg} ﬁé@%r&%\&”ﬁeﬁdé ﬁ%’%seg 9%?%582%E$P§§4'§4ﬁ96
entitled "Dl VERSI !II-YfRﬁGEhMEBig!NIIA mtﬁhlftdiMRh'éEUEﬁhﬁiErﬁYm:S SeraraRF
acsi gned 1o the ALSURy GY SmPHOIRE thePkp slfhd T SuipyEiSRh Gy, ge i
di versity nodedt hpravided te antannac®? whareitis radiated do mobile units within the cell-
- site service area. '

Cell-site control processor 78 has the responsibility for assignment
of digital data receivers and modulators to a particular call. Control
processor 78 also monitors the progress of the call, quality of the signals

10 and initiates teardown on loss of signal. The cell-site communicates with
the MTSO via link 82 where it is coupled by a standard telephone wire,
optical fiber, or microwave link.

Figure 4 illustrates in block diagram form the equipment utilized in
the MTSO. The MTSO typically includes a system controller or system

15 control processor 100, digital switch 102, diversity combiner 104, digital
vocoder 106 and digital switch 108. Although not illustrated, additional
diversity combiners and digital vocoders are coupled between digital
switches 102 and 108.

When the cell-diversity mode is active, or the MTSO is in the

20 handoff process with the call processed by two cell-sites, signals will arrive
at the MTSO from more than one cell-site with nominally the same
information. However, because of fading and interference on the inbound
link from the mobile unit to the cell-sites, the signal from one cell-site
may be of better quality than the signal from the other cell-site.

25 Digital switch 102 is used in routing the information stream
corresponding to a given mobile unit from one or more cell-sites to
diversity combiner 104 or the corresponding diversity combiner as
determined by a signal from system control processor 100. When the
system is not in the cell-diversity mode, diversity combiner 104 may be

30 either bypassed or fed the same information on each input port.

A multiplicity of serial coupled diversity combiners and vocoders
are provided in parallel, nominally, one for each call to be processed.
Diversity combiner 104 compares the signal quality indicators
accompanying the information bits from the two or more cell-site signals.

35 Diversity combiner 104 selects the bits corresponding to the highest quality
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i n- bet weenyet@i@osp described above with reference to the calp lﬂMlb
processed by two cell-sites. In the exenplary enbodi nent escrlbe herein
wi-th reference to the nobile tel ephone of the present invention, a total of
t hree denodul at or processors or receivers are utilized. One of the
receivers is used for the scanning function,2phile the two other receivers
are used as a two.channel diversity receiver. During operation in a single
cell, the scanning receiver atteppts o find the cell-site transmtted
Signal travel i ngelsise signali oh @ (AMes byframe bagt SLtheninformabas 1QUtPBALR
signals are typi Q&Me,cmlsed by reflections of the signals fromterrain
Dut 1l ngs and ot her Notager A0 bAoA IR 05t WOV B Sice signehto
paths. The scannistundatdet4 KbpsoRCN)telephone Viormat candlegiortamy ethert Santdard
5 format. The resultant signals are transmitted from vocoder 106 to digital
switch 108. Under the control of system control processor 100, the call is
routed to the PSTN.
Voice signals coming from the PSTN intended for the mobile unit
are provided to digital switch 108 to an appropriate digital vocoder such as
10 vocoder 106 under control of system control processor 100. Vocoder 106
encodes the input digitized voice signals and provides the resulting
information bit stream directly to digital switch 102. Digital switch 102
under system control processor control directs the encoded data to the cell-
site or cell-sites to which the mobile unit is communicating. If the mobile
15 unit is in a handoff mode communicating to multiple cell-sites or in a cell
diversity mode, digital switch 102 routes the calls to the appropriate cell-
sites for transmission by the appropriate cell-site transmitter to the
intended recipient mobile unit. However, if the mobile unit is
communicating with only a single cell-site or not in a cell diversity mode,
20 the signal is directed only to a single cell-site.
System control processor 100 provides control over digital switches
102 and 106 for routing data to and from the MTSO. System control
processor 100 also determines the assignment of calls to the cell-sites and
to the vocoders at the MTSO. Furthermore, system control processor 100
25 communicates with each cell-site control processor about the assignment
of particular calls between the MTSO and cell-site, and the assignment of
PN codes for the calls. It should be further understood that as illustrated
in Figure 4 digital switches 102 and 106 are illustrated as two separate
switches, however, this function may be performed by a single physical
30 switching unit.
: The previous description of the preferred embodiments are
: provided to enable any person skilled in the art to make or use the present
invention. Various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principles defined
35 herein may be applied to other embodiments without the use of the
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8 keep th®@QW07®%%i vers synchronized with signals on the twlPGIMS9IgaBEI6
pat hs as path conditions change. In the cell-site diversity node, the
strongest two paths fromeach cell-site is determ ned by the search
receiver. The two receivers are assigned to degnodul ate the signals on the
strongest two paths of the four paths avai | abf%e from the original cell-site
and fromthe new cell-site. The data denmpdul ation process uses information
L Thr e o oy s iy afiRle’ thculty. 2 TS the  BreBBRP iRVERIBR s hoPintdifed 3bE
limited to t}%e embodiment herein, but is to be accorded the widest scope

consistent with the principles as novel features disclosed herein.

<) WE CLAIM:
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oioeration I tly inproved resistance to del eterious f adi t
AR b5 PristffosTH

occur int I path cel lul ar tel ephone environnent.
different types of diversity conbining techniques are known in the -art;-the

present invention uses diversity conbining to significantl
quality and reliability of communications ipfa nobile cell n!ﬁmmﬂrﬂm‘mu |“‘
system In the present invention a formof nmaximal ratio corRbIpIinNg I s *
utilized. The signal-to-noise ratio is determ ned for both paths being
conbined with the contributions fromthe CLAIMSSs wei ghted accordingly.
Conbining is coherent since pilot signal denodul ation allows the phase of
each path to be determ ned. In the path fromthe nobile unit to the

two cell-sites, path 8iver i aycelldaptelephome systemoint wihiehi aosobilei sygtemtuser
Forvare che oo AR bt g Lttt kb e ey
an indication of mobjleitelgphpne setrcapable of compunicatinginformatiosy s ﬂg as
controller then ¢gdPidi¢sidSpredd spectrum signals with at least one of a plurality of
geographically separated cell-sites, each defining a geographic service area,
6 for coupling via a system controller to said other system user, a system for
directing communications between said mobile user and said cell-sites as
8 said mobile user changes service areas comprising:

' means for, while said mobile user is in a service area of one cell-site
10 and in communication with said another system user via said one
cell-site, determining a transition of said mobile user from said one
12 cell-site service area to a service area of another cell-site, and for providing

an indication identifying said another cell-site;
14 means responsive to said indication for coupling communications
between said mobile user and said another system user via said another
16 cell-site while said mobile user also remains in communication with said

another system user via said one cell-site; and
18 means responsive to said coupling of communications between said
mobile user and said another system user via said another cell-site for
20 terminating said communications between said mobile user and said
another system user via said one cell-site with communications
22 continuing between said mobile user and said another system user via

said another cell-site.

2. The communications directing system of Claim 1 wherein
2 each cell-site transmits a same pilot signal of a different phase than a
neighboring cell-site, said means for determining comprising:
4 scanning receiver means disposed at said mobile unit for, receiving
cell-site transmitted pilot signals, measuring signal strength of each of said
6 received pilot signals, comparing the relative signal strengths and
providing a signal strength signal indicative of received pilot signals of
8 greatest signal strength; and
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versi ons bile unit signal and selects the signal with the best
qual ity i ﬁ(ﬂégﬁ"@% 1t should be understood that it is possi bYETASNEA ¢

t he undecoded or even ngmﬂmﬂm signals to the systemcontroller in
order to allow a bette“'ﬂwm ning process to be utilized.

The. handof f process in*the cel I* difvefsity e is initiated as previously
di scussed. The nobile unit determ nes that a neighboring cell-site
transmtted signal is of a signal strength great enough to allow good

qual ity denodul ati on pfodelsing greans dis snxblaltGatdllmobdannmttfsra'eeeivﬁﬂglsaxd
Cel I sit 2%%2@"?%&82%&13% SgbsL éﬁ“?'fwe*ﬂ%% 08 sl shieheth shehal @ Wicpive
rel ays the cell - of saidi arother gelkaile trapsmnitted pilatsignal tis of @reatesisigmal strength
12 than said one cell-site transmitted pilot signal generating a handoff request
command, and wherein said handoff request command is indicative of

14 said another cell-site and communicated to said one cell-site.

3. The communications directing system of Claim 2 wherein
2 said one cell-site couples said handoff request command to said system
controller and wherein said means for coupling comprises:
4 system processing means located at said system controller for
receiving said one cell-site coupled handoff request command and
6 responsive thereto for generating a first switch command; and
switching means located at said system controller for coupling
8 communications between said mobile user and said system user via said
one cell-site and responsive to said first switch command for directing
10 communications between said mobile user and said other system user via
said another cell-site.

4 The communications directing system of Claim 1 wherein
2 said means for terminating comprises:

additional processing means located at said mobile unit and
4 responsive to communications between said mobile user and said another
cell-site for generating a handoff complete command, said mobile unit
6 communicating said handoff complete command to said system controller
via at least one of said one cell-site and said another cell-site, said system
8 processing means responsive to said handoff complete command for
generating a second switch command, said switching means responsive to
10 said second switch command for terminating communication between

said mobile unit and said other system use via said one cell-site.
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9 The system control I'er responds by connecting the call

the new ceMQEW/PPD0The i t hen perfornms di ver siPCI/csabiesiing
of- the signals recei vetJff*Hﬂlﬁm(lmlﬂﬂllmm tes. while the nobile unit
perforns diversity conbi’hifg &f fhe®signal séeceived fromthe two

cell-sites. The cell diversity node continues as |long as signals received
fromboth cell-sites are of a | evel gafrrcceEkiMst 0 permit good quality

denodul ati on.

[ receivedenyabi| fhudphdtiondlt bates & 22eapah 1991 $2pmalsl);

transmtted fromgriginal claims 1-4 amended; new claims 5-23 added (13 pages)]
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1. In a cellular telephone system in which a mobile system user

and another system user communicate user information signals
therebetween via at least one of a plurality of geographically separated
cell-sites each defining a respective geographic service area, a system for
directing communications between said mobile system user and said
another system user via said at least one of said plurality of cell-sites as
said mobile system user changes cell-site service areas, comprising:
_ means for, while said mobile system user is in a service area of one
cell-site and communicating user information signals with said another
system user via said one cell-site, determining a transition of said mobile
system user from said one cell-site service area to a service area of another
cell-site, and for providing a handoff request identifying said another
cell-site;

means responsive to said handoff request for coupling a
communication of said user information signals between said mobile
system user and said another system user via said another cell-site while
said mobile system user and said another system user con.inue in
communication of said user information signals via said one cell-site such
that said mobile system user and said another system user concurrently
communicate said user information signals through said one cell-site and
said another cell-site; and

means responsive to said coupling of communication of said user
information signals between said mobile system user and said another
system user via said another cell-site for terminating said communication
of said user information signals between said mobile system user and said
another system user via said one cell-site with said communication of said
user information signals continuing between said mobile system user and
said another system user via said another cell-site. '

2. The system of Claim 1 wherein each cell-site transmits a pilot
signal indicative of said transmitting cell-site, said means for determining
comprising:
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other cell-sites. If athird cell-site transmtted signal becomes stronger
t han one oWQ@br0MAOgi nal two cell-site signals, the control nEgIaE€ed/Beifaen
transmtted by the nobile unit via at |east one current cell-site to the

system control | er. The ﬂmmﬂu mﬂmﬂm di cates the identity of this

cell-site and a request system controller then

di scontinues the call being “cormuhi cat éd vi aﬂ]the weakest cell-site signal
g

of the three while providing the call throu the two strongest cell-sites.
Shoul d the nmopile units be eqU|pFed wi t h additional §CEI such as

three receivets, a trPEATUBE) TeceIMer MeaBs socytedhat s ﬁ';ﬁYe'ir'r%Wt wger for
12, o, St M ket o e tomn, St s
dordul at i on.® Theenvats peed, i 81, anOthaRl L EHE sBroRe Arencine?i\ipcshiv elite
the cell-site tot:raasmxttedrpltn:tmgmls,ameamnpgmgmlnsmmgthmfoéaqihseoee)dd piliot e
gly\s/1(:a refnI E:gn{nr) of | erI (fe#)m?a}?‘# Het §b’ié'galbeco overa? %ﬁaﬁér rgﬁraakggv@{nhhg
signal strength signal mdlcatlve of a received pilot signal of greatest
10 measured signal strength and cell-site of origin; and
processing means located at said mobile system user for receiving
12 said signal strength signal and for, when said signal strength signal
changes from indicating said one cell-site transmitted pilot signal is of a
14  greater signal strength than said another cell-site transmitted pilot signal
to indicating said another cell-site transmitted pilot signal is of a signal
16 strength greater than said one cell-site transmitted pilot signal, generatmg
said handoff request.

3. The system of Claim 2 wherein said mobile system user
2 communicates said handoff request to said one cell-site for coupling to a
system controller, wherein said system controller comprises said means
4 for coupling, and said means for coupling comprises:
system processing means for receiving said handoff request and
6 responsive thereto for generating a first switch command; and
switching means for, under control of said system processing
8 means, coupling said communication of said user information signals
" between said mobile user and said system user via said one cell-site and
10 responsive to said first switch command for coupling said communication
of said user information signals between said mobile system user and said
12 another-system user via said another cell-site.

4. The system of Claim 3 wherein said means for terminating

2 comprises:
said processing means being further responsive to said
4 communication of user information signals between said mobile system
user and said another system user via said another cell-site for generating
6 a handoff complete c?mmand, said mobile system user communicating

Tlns Sheet Has Bee

A ll! Illl




i nsuffici ag gi
for this no

¢ of nodens available to support all nobil €p ts
Q g?%gperatlon The cell-site diversity node as dlgg ls%dé’Z&F‘SE

i arpl enent ed by deCISIO H'&Hlthe nobile unit to operate in the
cell-site diversity nD houl d be understood that the
cell-site diversity nDde can e |nplenented;mnth t he decisions for
operation in this node being nade at the systemcontroller. The

present invention provides a substantial inprovenment over present cellular
t el ephone syst ersaidvhaRdbffs@itpleteocomipnarnd oisaid'apstehi corlta6ller via at least one

make- bef or e-

significant
di srupti on.

handof f. th
Bt AR AR o8 ahe; g apiFe DRI ¢y with | ower servi ce

The i npl eaidhtsysteaon pfocgssialg méares deirg futrthenosppnsisvedds said
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12

14

16

18

20

handoff complete command for generating a second switch command;
and

said switching means being further responsive to said second switch
command for decoupling communication of said user information signals
between said mobile system user and said another system user via said
one cell-site.

5. In a cellular radio communication system, a methoa for
handing off communications between a mobile system user and another
system user from one cell to another cell comprising the steps of:

directing by a system controller a relay of user information signals
between a mobile system user and another system user through one
cell-site;

determining, by said mobile system user while said mobile system
user and said another system user are communicating said user
information signals through said one cell-site, a transition of said mobile
system user from a service area of said one cell-site to a service area of
another cell-site;

generating, by said mobile user in response to said transition
determination, a first control signal identifying said another cell-site;

communicating said first control signal from said mobile system
user through said one cell-site to a system controller;

directing, by said system controller in response to said first control
signal, a communication of said user information signals between said
mobile system user and said another system user through said another
cell-site concurrently with said communication of said user information
signals between said mobile system user and said another system user
through said one cell-site.
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provi di ng addi'tional systemreliability and quality in comm

BRI EF DESCRI PTI ON OF THEW“W“H n‘ he features and advant ages of the
present invention wll nt fromthe detail ed description
set forth bel ow when takéen i‘n éonj unctlon wth the draw ngs in which |ike
ref erence characters

10 furthge tQyenents over conventional cellular tel ephon ys.égqr?gmb%

6. The method of Claim 5 further comprising the steps of: |
2 generating, by said mobile system user in response to said
communication of said user information signals between said another
4 system user and said mobile system user via said another cell-site, a
second control signal;
6 communicating said second control signal from said mobile system
user to said system controller via at least one of said one cell-site and said
8 another cell-site; and
terminating by said system controller a directing of said user
10 information signals to said one cell-site.

7. The method of Claim 5 wherein said user information
2 signals communicated by said mobile system user, said one cell-site and
said another cell-site are spread spectrum modulated according to a

4  predetermined spreading code.

8. The method of Claim 6 wherein said user information
2 signals communicated by said mobile system user, said one cell-site and
said another cell-site are spread spectrum modulated according to a

4 predetermined spreading code.

9. . In a cellular radio telephone system in which mobile users
2  are capable of initiating and receiving calls to and from other mobile users
and users in a public telephone system wherein said calls are relayed
4 through at least one of a plurality of cell-sites under the control of a system
controller, each of said calls comprised of user information signals which
6 are spread spectrum modulated according to a different predetermined
user information signal spreading code as communicated between said at
8 least one cell-site and a corresponding mobile user, and wherein each cell-
site transmits a pilot signal that is spread spectrum modulated according to
10 a same predetermined pilot signal spreading code and of a different
predetermined code phase with respect to a neighboring cell-site, a method
12 for directing the relay of communications between one mobile user and
another user through said cell-sites as said mobile user changes service

14 areas of said cell-sites, said method gomprising the steps of: '

This Sheet Has Been Replaced

THIS SHEET HAS BEEN
REPLACED




correspond t hr oughout and wherei n:
an exenpyari/

i_nvention;

configured for

cel lul ar tel ephone systemin accordance V\rgﬁ/lts?@’%“éSent
Fi gure 2 is a block diagram of a nobile unit tel ephone

m“mmllﬂ“ a CDVA cel lul ar tel ephone system
Figure 3 is a bl ock I" H”II 5| te eqw prment i'n a CDVA cel l ul ar
t el ephone system and ¢ Figure 44s a 1%ck di agram of a nobile

t el ephone switching of fice equi pnent.

PREFERRED

systemin which the presen 3
1. The syst@®m ahdiseid anethermser ghromgh a first cell-site;
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transmitting said pilot signals by said first cell-site and a second
cell-site;

receiving at said one mobile user said first and second cell-site
transmitted pilot signals;

determining at said mobile user relative pilot signal strength of said
pilot signals as received at said mobile user;

generating, at said mobile user in response to said determination of
relative pilot signal strength, a handoff request when said second cell-site
transmitted pilot signal is of a predetermined level with respect to said
first cell-site transmitted pilot signal;

communicating said handoff request to said system controller via
said first cell-site; '

assigning by said system controller said second cell-site to relay said
communication of user information signals between said mobile user and
said another user; and :

communicating said user information signals between said mobile
user and said another user through said second cell-site wherein said
mobile user and said another user concurrently communicates through
both said first and second cell-sites.

10. The method of Claim 9 further comprising the steps of:

detecting at said mobile user said communication of said user
information signals as relayed through said second cell-site;

generating a handoff complete command at said mobile user in
response to said detection of said second cell-site relayed communication
of said user information signals;

transmitting said handoff complete command to at least one of said
first and second cell-sites; and '

terminating in response to said handoff complete command said
communication of user information between said mobile user and said
another system user through said first cell-site.
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utilizes CDVMA modul ation techniques in communicati on between the system
mobi | e uni%Q % 078hi | e tel ephones, and the cell-sites. Cell ul BETSySMamsia6 n

large cities nmay have h H ite stations serving hundreds of

t housands of nobile tel mnm ﬂum nm:uunof CDVA techniques readily
facilitates increases in*usér kaphcisty*in systens of this size as conpared
to conventional FM nodul ation cellular sysfeps. In Figure 1, system

controller and switch 10, al so referred to as nobile tel ephone swi tching

of fice (MI'SO), typic |y I r P 'r ' for
provi di ng system con?rol lt.r(i:}%t € ce ?f&i{xﬂ\%f ﬂte?cﬁlg iﬁg ﬁ ?é:t%n%e(ol s the
routing of t2l ephonegerenating peli-diversity modarequestiat éaldrfﬁéhﬁeﬂﬂm{)rk
(PSTN) to the approp él @4;& éllt&ivéﬁitgtﬂléaé%ﬁﬁéﬂﬂotﬂxd REoIRPLSE: hade
nobile unit. Oontrol asoc

4 w erem said mo 1 e user is responsive to said cell-diversity mode
request for maintaining communication with said another through said

6 first and second cell-sites.

12. The method of Claim 9 wherein the .step of communicating
2 said user information signals through said first cell-site comprises the

steps of:

4 receiving at said system controller user information signals from
said another user;

6 coupling said another user information signals from said system
controller to said first cell-site;

8 receiving at said first cell-site from said system controller said
another user information signals ;

10 modulating at said first cell-site said another user information

signals according to a first predetermined user information signal
12 spreading code so as to provide a first spread spectrum signal;
transmitting by said first cell-site said first spread spectrum signal;
14 receiving at said mobile user said first spread spectrum signal;
despreading, at said mobile user according to said first
16 predetermined user information signal spreading code, said received first
spread spectrum signal so as to provide an output of said another user
18 information signals;
receiving an input of mobile user information signals;
20 modulating at said mobile user said mobile user information
signals according to said first predetermined user information signal
22 spreading code so as to provide a second spread spectrum signal;
transmitting by said mobile user said second spread spectrum
24 modulated mobile user information signals;
receiving at said first cell-site second spectrum signal;
26 despreading, at said first cell-site according to said first
predetermined user information signal spreading code, said received
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the routing of calls fromthe nobile units, via at

REPLACEMENT, S
| east oyg'}g%vmséﬁte to the PSTN. Controller 10 may direct cafCES8pipatie

nobil e users via the ' |1 -site stations since such nobile units
do not typically chﬁEm\mﬂ ﬂH!ﬂl y with one anot her. Control | er
may be coupled to e S By vario@s; neans such as dedicated

tel ephone lines, optical fiber links or by m crowave comrunication |inks.

In Figure 1,
28

30

32

34

three such exenplary cell-sites, 12, 14

second spread spectrum signal so as to provide said mobile user
information signals;

coupling said mobile user information signals to said system
controller from said first cell-site;

receiving at said system controller said mobile user information
signals from said first cell-site; and

providing an output of said mobile user information signals from
said system controller to said another user.

13. The method of Claim 9 wherein the step of determining
relative pilot signal strength comprises the steps of:

measuring pilot signal strength of said received pilot signals at said
one mobile user;

comparing at said mobile user said pilot signal strength
measurements; and

identifying one of said pilot signals of greatest signal strength.

14. The method of Claim 9 wherein the step of communicating
said handoff request comprises the steps of:

transmitting said handoff request to said first cell-site; and

relaying by said first cell-site said handoff request to said system
controller.

15. The method of Claim 9 wherein the step of assigning said
second cell-site to said communication of user information signals
comprises the steps of:

determining from said handoff request an identification of said
second cell-site;

communicating to said second cell-site an assignment of said second
cell-site in communicating said user information signals between said
mobile user and said another user; and

selecting at said second cell-site one of a plurality of modems at said
second cell-site for communication of said user information signals
between said mobile user and said another user.

10
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and 16 al Qrgoiotdrean exenpl ary nobile unit 18, which include
tel ephone, are illustrated. - Arrows 20a-20b define the poss?ﬁﬁéfg&dluéﬂa

comuni cation |ink be ' > and nobile unit 18. Arrows 22a-22b
define the possible cammmﬁ"ﬂm"mm between cell-site 14 and nobile unit
18. Simlarly, arrows Z4af24b d®&fihe *t he possi bl e communication |ink

between cell-site 16 and nobile unit 18. 32 The cell-site service areas

or cells are designed in geographic shapes such that the nobile unit wll
normal |y be closest t16.oneThelmhethiodeof Whaim Shevhenéin theisiep bf cotirunicatingno

calls in progyesg,;qt ' | <€ [:10k:S pl I_gnad;

transm ssi on?f r%%deg%%rnﬁgﬂg#@yaq@gf Is-?éﬁ:1 %%iéxgﬁfiugpr g‘? %td gﬁﬁ #%"Z c%ﬂta%%%es
pil ot signals areompg_pescthevs;eps of:ansni tted to nobile unit 18 by cell-sites
12, 14 and 1 respectfe\é;siryggg%pzﬁa%&?‘g&bm@ﬂxwl&see(mfora?ai&p@i s FOR

g}t)lr)lalngt ﬁn“am%’r‘ﬁqg&m W¥dse particul arI ie: In g?/t ggrrpan "o P >t gna!
6 coupling said another user information signals from said system
controller to said first and second cell-sites;
8 receiving at said first and second cell-sites from said system
controller said another user information signals ;
10 modulating at said first and second cell-sites said another user

information signals according to a first predetermined user information
12 signal spreading code so as to provide a first spread spectrum signal at each
of said first and second cell-sites;

14 transmitting by said first and second cell-sites said first spread
spectrum signals; '
16 receiving at said mobile user said first spread spectrum signals;

despreading, at said mobile user according to said first
18 predetermined user information signal spreading code, said received first

spread spectrum signals;

20 combining said despread first spread spectrum signals so as to
provide an output of said another user information signals

22 receiving an input of mobile user information signals;

modulating at said mobile user said mobile user information
24 signals according to said first predetermined user information signal
spreading code so as to provide a second spread spectrum signal;

26 transmitting by said mobile user said second spread spectrum
modulated mobile user information signals;

28 receiving at said first and second cell-sites said second spread
spectrum signal;

30 despreading, at said first and second cell-sites according to said first

predetermined user information signal spreading code, each first and
32 second cell-site received second spread spectrum signal so as to provide an

output from each of said first and second cell-sites said mobile user
34 information signals;
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Ih the e l.Lblustrated in Figure 1, nobile unit 18 may be consi dered
cl osest ;‘g@éﬁ?%é{)te 16. When nobile unit 18 initiates a cal (I?’,(Té‘-é‘ﬂ’d?‘rﬂf'
nmessage is transmtted to the nearest cell-site, cell-site 16. Cell-site 16

upon receiving the ﬂﬂlﬂ!“ﬂ“gl Hmﬁ‘j ge, signals systemcontroller 10 and
transfers the call nHaaclINISFBLIEmINt rol | er 10 then connects the call
t hrough the PSTN to the 5 ntended’r eci pi ent3 3 Should a call be

initiated within the PSTN, controller 10 transmits the call information to

all the cell-sites hﬂuﬁgﬁga!éﬁﬁi mobile chderS inRImdtioS! sighals 26SEil 3%9@% ng
reci

nessage t he i nt epde i ent of,.nmobile unit,. en the nobile uhit
hearsga p nEQRHEgHer from ga ﬂﬁ§a\%i fl‘%?énéoﬁ?@ﬁ ‘W\Y)\g‘gﬁféé that is

transnmitted to the neceieitig aelshidisystenTrdomtrasilér saidrescbife wegiaferrigon
The mobi 1 & i serelfont PR B3 EREMELHFEC (N Cai T through thi o ool ite
to combining said at said system controller said mobile user
40 information signals received from said first and second cell-sites so; and
providing an output of said combined mobile user information
42 signals from said system controller to said another user.

17.  The method of Claim 10 wherein the step of terminating said
2 communication of user information between said mobile user and-said
another system user through said first cell-site comprises the steps of:

4 relaying by said at least one of said first and second cell-sites said
handoff complete command to said system controller;
6 decoupling by said system controller a communication of said user
information signals between said another user and said first cell-site;
8 discontinuing by said first cell-site a communication of said user
information signals from said another user to said mobile user;
10 generating a termination command at said first cell-site;
transmitting said termination command to said mobile user; and
12 discontinuing by said mobile user a communication of said user

information signals from said mobile user to said first cell-site.

18. In a mobile radio telephone system in which mobile users are

2 capable of initiating and receiving calls comprised of user information

signals to and from other mobile users and users in a public telephone

4 system wherein said calls are relayed through at least one of a plurality of

cell-sites under the control of a system controller and wherein each cell-

6 site has a corresponding service area, a system for directing the relay of

communications between one mobile user and another user through said

8 cell-sites as said mobile user changes cell-site service areas, said system

comprising:

10 means at each cell-site of said plurality of cell-sites for generating

and transmitting a pilot signal indicative of each cell-site of origin;
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12 the nobile unit. Shoul d nobile unit 18 nove out of the coverage
area Of t NEOPHO929 cell-site, cell-site 16, an attenpt is nmR4E/L8I¥6ntINUE
the call by routing the call through another cell-site. In the handoff

process there are t u“ods of initiating the handoff of the
call or routing thr ‘ ‘ﬂnm I‘I:IE Si te The first nmethod, called
t he ceII-S|te|n|t|at*e andoff,Si¢ sinmladd

12 means at said system controller for, receiving user information
signals from a user and coupling said user information signals to a first
14 cell-site;
means at said first cell-site for, receiving said user information
16 signals from said system controller, spread spectrum modulating said user
information signals according to a first predetermined user information
18 signal spreading code and transmitting said spread spectrum modulated
user information signals to an intended recipient mobile user;
20 means at said mobile user for receiving and despreading said first
cell-site transmitted spread spectrum modulated user information signals
22 according to said first spreading code, and for providing an output of said
user information signals;
24 means at said mobile user for receiving an input of mobile user
information signals, spread spectrum modulating said mobile user
26 information signals according to said first spreading code and transmitting
said spread spectrum modulated mobile user information signals to said
28 first cell-site;
means at said mobile user for, receiving pilot signals transmitted by
30 said first cell-site and a second cell site, determining relative pilot signal
strength of each received pilot signal, generating a handoff request when
32 said second cell-cite transmitted pilot signal is of a predetermined level
with respect to said first cell-site transmitted pilot signal, and transmitting
34  said handoff request to said first cell-site;
means at said first cell-site for, receiving said handoff request and
36 said spread spectrum modulated mobile user information signals,
despreading said spread spectrum modulated mobile user information
38 signals according to said first spreading code, and for coupling said handoff
request and said mobile user information signals to said system controller;
40 means at said system controller for, receiving said handoff request
and said mobile user information signals from said first cell-site, coupling
42 said mobile user information signals to said user, responsive to said
handoff request for coupling said user information signals to said second
44 cell-site;
means at saxd second cell-site for, receiving said user information
46 signals from said system controller, spread spectrum modulating said user
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the handof f met hod enployed in the original first generation anal og

cel | ul ar W@I%MBHe systens currently in use. In the cell-si tRCT/RiSONMIOELH
handof f method, the initial cell-site, cell-site 16, notices that the
signal transm tted by nobi I ﬂm\! has fallen below a certain threshold

| evel. Cell-site 164““‘\“““ handof f request to systemcontroller
10. Controller 10 r est to aI2I nei ghboring cell-sites, 14, 12.

of cell- site 16. The' controller transmtt" request i ncl udes inforrration

relating to the annel udi n de, se nce nobile unit
18. Cell-sites T %0:{‘45183#3 agcp 353&“3%?1’5‘55 %éﬁ ‘i? A LE%’EF“ESV“Pﬁe
nobi | e uni 4 8andaikkapread spectmimnmiodsdatedguser inforroatibn signalg toi said anobile
techni ques. If . of cell-sites 12 and 14 receivers report a stronger
signal than thenitial cell-site reported signal strength, then a handoff
i s made todPhis cel Isaifd means at saidaobie giser for Fecpiving nnd.@s&mga@naamdff

s called the notiellidite tAimmibRadspiead  SBectPli Modulatdd B! MRGHNILiLH 2
sear ch recglzver i r hgge&)rt ?ecsexvm ang gst rsela ?1? sai ngéncgns s lPsue
nei ghbori ng<celd g%‘?‘?egu t g P g
transmitted spread spectrum modulated user information signals
54 according to said first spreading code, combining said user information
signals despread from said first and second cell-site transmitted spread
56 spectrum modulated user information signals, and providing a combined
6utput of said user information signals wherein said user
58 contemporaneously communicates with said mobile user through both
said first and second cell-sites;
60 said means at said mobile user for receiving and spread spectrum
modulating said input mobile user information signals further for
62 transmitting said spread spectrum modulated mobile user information
signals to said second cell-site;
64 means at said second cell-site for, receiving said spread spectrum
modulated mobile user information signals, despreading said spread
66 spectrum modulated mobile user information signals according to said
first spreading code, and for coupling said said mobile user information
68 signals to said system controller; and
said means at said system controller for receiving said mobile user
70 information signals from said first cell-site further for receiving said
mobile user information signals from said second cell-site further
72 combining said first and second cell-site received mobile user information
signals and coupling said combined mobile user information signals to
74 said user, wherein said mobile user contemporaneously communicates
with said user through both said first and second cell-sites.

19.  The system of Claim 18 further comprising:
2 said means at said mobile user for generating said handoff request
further for detecting a coupling of communications between mobile user
4 and said user, generating a handoff complete command and transmitting
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12 and 14, ition to performng other functions. If a pilot signal of
cel | -si tes“l(g‘)%gdzh i's found to be stronger than the pilot siP&T4LSH/06416

cell-s uni t n mts a nmessage to the current
cell-srte ceII- srtH Lm I"I IE ! massage contar ns i nformation

i dentifying the cell si gnal strength in addition to

I nformati on requestrngahandoff of this cébl-site. Cell-site 16 transfers
this control nmessage to controller 10. The nobile initiated handof f

met hod has vari C%l?d ?\‘ilﬁaﬁﬁ&ﬁ‘rﬁpﬁf@ "cdmifiafl to §t tlﬁas't Urie 8t ngd‘?i?%?&g% BQEEQRQ-

The nobile unit becones aware an es in between itse
vari ous nei gﬁborqeﬂgﬂ@él | -sites much sooner and with less effort than the

cell-sites are capablsaa&f m‘i@h?gat rﬁ\reveirrst ta@eyefc@hal Tellditds fbr" recligthg,
handof f, eacB ile u t be rovr a_seay chi nqmae er to
perform the eSprea ‘BS ane \ﬁ\?\‘)’é” & ﬁa t‘nﬂF%Fr P%‘Fﬂ@(ﬁt SBNRLE dpi tadd
herein of a nobidystemi tontroller further for recewmg and coupling said handoff
10 complete command to said system controller; and |
said means at said system controller for receiving and combining
12 said mobile user information signals from said first and second cell-sites
further for, receiving said handoff complete command from said at least
14 one of said first and second cell-sites decoupling said user information
signals to said first cell-site.

20. The system of Claim 18 wherein each cell-site spread
2 spectrum modulates each pilot signal according to a same predetermined
pilot signal spreading code and each pilot signal of a different

4 predetermined code phase with respect to each neighboring cell-site.

21. In a cellular radio telephone system in which mobile users
2 are capable of initiating and receiving calls to and from other mobile users
and users in a public telephone system wherein said calls are relayed
4 through at least one of a plurality of cell-sites under the control of a system
controller, each of said calls comprised of user information signals which
6 are spread spectrum modulated according to a different predetermined
user information signal spreading code as communicated between said at
8 least one cell-site and a corresponding mobile user, and wherein each cell-
site transmits a pilot signal that is spread spectrum modulated according to
10 a same predetermined pilot signal spreading code and of a different
predetermined code phase with respect to a neighboring cell-site, a method
12 for directing the relay of communications between one mobile user and
another user through said cell-sites as said mobile user changes service

14  areas of said cell-sites, said method comprising the steps of:
communicating user information signals between a mobile user

16  and said another user through a first cell-site;

determining at said first cell-site signal strength of said user
18 information signals as received at said first cell-site from said mobile user;
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13 CDMA communications capability, the search receiver has additional
functi ons‘\ﬂl?ﬂﬁ"?z@qui re its presence. Figure 2 illustratf&d/LROGN6EK
di-agram form an exenplary nobile unit cellular tel ephone. The nobile unit

i ncl udes an ant enna 32““] [w t hrough di pl exer 32 to anal og
receiver 34 and trans w lmm“ﬂr 36. Antenna 30 and di pl exer 32 are
of standard design and perfit" si*ulst aneouy ?ransmni ssion and reception
through a single

generating, at said first cell-site in response to said determination of
20 signal strength, a handoff request when said signal strength fall below a
predetermined level;
22 communicating said handoff request to said system controller;
assigning by said System controller each of a plurality of neighboring
24  cell-sites to said first cell-site to determine at each respective neighboring
cell-site said signal strength of said user information signals as received at
26 said each respective neighboring cell-site from said mobile user;
determining at each respective neighboring cell-site signal strength
28 of said user information signals as received at said each respective
neighboring cell-site from said mobile user; and
30 reporting to said system controller by each respective neighboring
cell-site signal strength of said user information signals as received at said
32 each respective neighboring cell-site from said mobile user;
communicating said user information signals between said mobile
34 user and said another user through at least one of said neighboring cell-
sites wherein said mobile user and said another user concurrently
36 communicates through both said first cell-site and said at least one of said
neighboring cell-sites.

22. The method of Claim 21 further comprising the steps of:

2 detecting said communication of said user information signals
through said at least one of said neighboring cell-sites; and
4 terminating said communication of user information between said

mobile user and said another system user through said first cell-site.

23.  The method of Claim 21 further comprising the steps of:

2 generating a cell-diversity mode request at said first cell-site;
relaying said cell-diversity mode request to said mobile user; and
4 wherein said mobile user is responsive to said cell-diversity mode

request for maintaining communication with said another through said
6 first cell-site and said at least one of said neighboring cell-sites.
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antenna. Antenna 30 collects transmtted signals and provi dq?,lﬂg%hm'}ugh
di pl exerwgr9t/07®8al og recei ver 34. Receiver 34 receives the frequency
signals fromdiplexer 32 which are typically in the 850 MHz frequency band
for anplification and frequency downconversion to an IF frequency. This
frequency transl ation process is accqrrph shed using a frequency synthesi zer
of standard design which permts the receiver to be tuned to any of the
frequencies within the receive frequency band of the overall cellular

t el ephone frequency band. The I F signal is then passed through a
surface acoustic wave (SAW bandpass filter which in the preferred

enbodi nent is approximately 1.25 MHz in bandw dth: The characteristics of
the SAWfilter are c 69@,-,-\& mat ch the waveform of the si ﬂlpﬁgwmﬁgﬂd
by the cell-site whi c en direct sequence spread spee@;1 ? gt ed
by a PN sequence clock a predetermined rlfxe, whichg e preferred
enbodi nent is 1.25 MHz. TNK rate i s c)@sen an integer multiple

of a nunber of common
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20b 220
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9.6 Kbps,

nmobile unit.
provided to transmt power contr ol

data rateg, suc 16 Kbps, and“4.8 Kbps.
perforns g‘q)bong?ﬂa@ontrol function for adjusting the transmt BOUIS90706d e

Recei ver 34 generates an anal og power control
circuitry 38. The control

Recei ver 34 al so

signal that is
and operation

of the nobile unit power control feat(®é.{s disclosed in copending U.S.
Patent Application entitled "METHOD AND APPARATUS FOR CONTROLLI NG

TRANSM SSI ON PONER | N A CDVA CELLULAR MOBI LE TELEPHONE SYSTEM',
1989, by the inventors Iqetteof and assi gned to

07/ 433,031, filed Novenber 7,

Serial No.

t he Assignee of the presd@t invention. ecel Vv i's al so provided
with an analog to _digit/al (A/D) converter “%Eﬁ@@ﬂkﬁ r converting the IF
signal to a digi ARlTesngaall with conversgiogabccurri \9 at a9 216 MHz cl ock
rate in the preferre RECEIVER
48
42 /
32 L DIVERSITY
y4 —d DIGITAL -
DIPLEXER .| _DATA o COMBINER
i RECEIVER 8 DECODER
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et et

14 enbodi ment which is exactly eight times the PN chip rate. The digitized
signal isYWPAHYEP to each of two or nore signal processors oPCHALS90/06316
receivers, one of which is a searcher .ch{: iver with the remai nder being
data receivers. In Figure 2, the- i&’fized si gnal output from

receiver 34 is provided to digital data receivers 40 and 42 and to searcher

receiver 44. It should be unc’eégtoord Lhat-anjqekpensive, ['ow performance
mobi | e unit m'%'lt “~oq DIGITAL e e m o2 -
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have only a single data receiver while.higher performance units may have
two or nnﬁﬁoﬁﬁﬂgps%m/diversity recepti on. The digiti zed PCR/ESYHasS1fay
cantain the signals of nany on-going calls together with the pilot carriers
transmtted by the current and all neighboring cell-sites. The function of
the receivers 40 and 42 are to correlate Ykl F sanples with the proper PN
sequence. This correlation process provides a property that is well-known
in the art as "processing gain" which enhances the signal-to-interference
ratio of a signal matching the proper PN sequence while not enhancing ot her
signals. Correlation output is then synchronously detected using the pil ot
carrier fromthe closest cell-site as a carrier phase reference. The result
of this detection process is a sequence of encoded data synbol s. A
property of the PN sequence as used in the present invention is that

e 0 Ao, 2% S2 b PHAMBTEROTS Ml B LR
A }

I(}O
SYSTEM TO/FROM
CELL~-SITE
| _CONTROL [« | DIGITAL
y | I . t
DIGITAL |
SWITCH
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VOCODER COMBINER SWITCH
T
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path, there will .be a difflerence in the reception tinme of the signal. This
reception tinme difference corresponds to the difference in distance divided

by the speed of light. If this time difference exceeds one

Lcraosecond,

then the correlation process will discrimnate against one JfBEF*ILﬁCEﬁENFSHEET

The receiver can choose whether to track and receive the eafl
path. If two receivers are provided, suchyas receivers 40 ahd}{4

i ndependent paths can be tracked and in parallel. Seaf

{i'me" domai . "ar ound t he nonBSaF 1t R NIPUFFINY, AGTIMA, STV ar “or the

cpe

B 61 g

cell-site, for other nmul tCEELUIPARITELERHONBSYST ENME

Joal. et P |
CCrr=sruve ama

for other cell-site transmtted pilot signals. Receiver 44 will nmeasure the
strength of any reception of a desired waveformat tinmes other than the

nominal time. Receiver ?AmmﬁﬁstfﬁquTION

I. Field of the Invention

The present invention relates to cellular telephone systems. More
specifically, the present invention relates to a novel and improved system
for controlling handoff in communications of cell-site stations with a

mobile unit in a code division multiple access (CDMA) cellular telephone
system.

II. Description of the Related Art
The use of code division multiple access (CDMA) modulation
techniques is but one of several techniques for facilitating
communications in which a large number of system users are present.
Although other techniques such as time division multiple access (TDMA),
frequency division multiple access (FDMA) and AM modulation schemes
such as amplitude companded single sideband (ACSSB) are known,
CDMA has significant advantages over these other modulation
techniques. The use of CDMA techniques in a multiple access
communication system is disclosed in U.S. Patent Application Serial
No. 06/921,261, filed October 17, 1986, entitled “SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM USING SATELLITE®
OR TERRESTRIAL REPEATERS”, now U.S. Patent No. 4,901,307, assigned
to the Assignee of the present invention, the disclosure thereof
incorporated by reference. |
In the just mentioned patent, a multiple access technique is

disclosed where a large number of mobile telephone system users, each
having a transceiver, communicate through satellite repeaters or
terrestrial base stations (also known as cell-site stations, or for short, cell- . -
‘sites) using code division multiple  access (CDMA) spread spectrum
communication signals. In using CDMA communications, the frequency
" spectrum can be reused multiple times thus permitting an increase in
system user capacity. The use of CDMA techniques results in a much



15 in the received signals. Receiver 44 provides a signal _sirength sig

nal

to control processor 46 indicative of the strongest signalgepiac
Processor 46 provides signals to digital data receivers 40
to process a different one of the strongest signals. On ¢c a%i Q[}[mgégfr
cell-site transmtted pilot signal is of greater signal $tijetg¥hthanit h
current cell-site signal strength. Control ,processor 46 {hén-
a control nmessage for transm ssion to the gystem controlfer via

IENT SHEET
gach

higher spectral efficiency than can be achieved using other multiple access
techniques. _

' In the conventional cellular telephone systems the available
frequency band is divided into channels typically 30 KHz in bandwidth
while analog FM modulation techniques are used. The system service
area is divided geographically into cells of varying size. The available
frequency channels are divided into sets with each set usually containing
an equal number of channels. The frequency sets are assigned to cells in
such a way as to minimize the possibility of cochannel interference. For
example, consider a system in which there are seven frequency sets and
the cells are equal size hexagons. A frequency set used in one cell will not
be used in the six -nearest or surrounding neighbors of that cell.
Furthermore, the frequency set in one cell will not be used in the twelve
next nearest neighbors of that cell.

In the conventional cellular telephone system, the handoff scheme
implemented is intended to allow a call to continue when a mobile
telephone crosses the boundary between two cells. The handoff from one
cell to another is initiated when the cell-site receiver handling the call
notices that the received signal strength from the mobile telephone falls

. below a predetermined threshold value. A low signal strength indication
implies that the mobile telephone must be near the cell border. When the
signal level falls below the predetermined threshold value, the cell-site
asks system controller to determine whether a neighboring cell-site
receives the mobile. telephone signal with better signal strength than the
current cell-site.

The system controller in response to the current cell-site inquiry
sends messages to the neighboring cell-sites with a handoff request. The.
cell-site neighboring the current cell-site employs special scanning
receivers which look for the signal from the mobile unit on the specified
channel. Should one of the neighboring cell-sites report an adequate
signal level to the system controller, then a handoff will be attempted.

Handoff is then initiated when an idle channel from the channel
set used in the new cell-site is selected. A control message is sent to the
mobile telephone commanding it to switch from the current channel to
the new channel. At the same time, the system controller switches the call



the current cell-site requesting a transfer of the cel
corresponding to the stronger pilot signal. Receivers

therefor handle calls through two different cell-sites
of receivers 40 and 42 are provided to diversity conbi
circuitry 48. The diversity conbiner circuitry contain
48 sinply adjusts the timng of the two streans of rec
al i gnment and adds them together. This addition proces
mul tiplying the two streans by a nunber corresponding
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the cell-site
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transmtted fgyaieatlelin the neighboring cell for communicating the call. Handoff can
also fail if another cell-site reports hearing the mobile telephone in
question, when in fact this cell-site actually hears a different mobile unit
using the same channel in a completely different cell. This reporting error
will result in the call being switched to a wrong cell, typically one in which
signal strength is insufficient to maintain communications. Furthermore
should the mobile telephone fail to hear the command to switch channels,
the handoff will fail. Actual operating experience indicates that handoff
failures occur frequently which questions the reliability of the system.
Another common problem in the conventional telephone system
occurs when the mobile telephone is near the border between two cells. In
this situation the signal level tends to fluctuate at both cell-sites. This
signal leve!l fluctuation results in a ping-ponging situation in which
repeated requests are made to hand the call back and forth between the two
cell-sites. Such additional unnecessary handoff requests increase the
possibility of the mobile unit incorrectly hearing the channel switch
command or fail in hearing the command at all. Furthermore, the ping-
ponging situation raises the possibility that the call will be discontinued if
it is unnecessarily transferred to a cell in which all channels are currently
in use and thus unavailable for accepting the handoff.
~It is therefore an object of the present invention to provide in a
cellular telephone system improvements in call handoff between cell-sites

and thus provide greater service reliability.

SUMMARY OF THE INVENTION

In a CDMA cellular telephone system, the same frequency band is
used for all cells. The CDMA waveform properties that provide
processing gain are also used to discriminate between signals that occupy

~ the same frequency band. A mobile telephone or unit thus need not
switch frequencies when handoff of the call is made from one cell-site to

streami s

by



rmformation bit to be transmtted. The opti mum decoder

code is of the soft decision Viterbi algorithm decoder | RERIGCEMENE SHEET
~Fesulting decoded information bits are passed to the uger—e+rgttat—basepa

circuitry 50. Baseband circuitry 50 typically-ingl ydgs b bzl
vocoder (not shown). Baseband circuitry 50 further seryes ;ﬁgﬂﬂ?ﬂ?%ﬁ

with a handset or any other type of peripheral device. |Basebanmdt-crrcurtr
50 accommpdates a variety of different voeoder desi gns{ Baseband circuitigy
50 provides output information signals to the user in ¢ '

o, PR RS IGH5h SO 530 B e s AIRIGE

baseband ci rcuei&@osmg BaHs pon gearche fior thesmabile yads signalnal Dhe tC@ﬁdsi@ﬁ? t al

(A/D) convert gicelvifif the Qohgebl §BnaPRY Fetérmined by the system controller then
accepts the handoff.

In the CDMA cellular telephone system, each cell-site transmits a
“pilot carrier” signal. This pilot signal is used by the mobile units to
obtain initial system synchronization and to provide robust time,
frequency and phase tracking of the cell-site transmitted signals.

Each cell-site also transmits a “setup” channel comprised of spread
spectrum modulated information, such as cell-site identification, system
“timing, mobile paging information and various other control signals.
The pilot signal transmitted by each cell-site is of the same spreading code
but with a different code phase offset. Phase offset allows the pilot signals
to be distinguished from one another resulting in distinguishment
between cell-sites from which they originate. Use of the same pilot signal
code allows the mobile unit to find system timing synchronization by a
single search through all pilot signal code phases. The strongest pilot
signal, as determined by a correlation process for each code phase, is
readily identifiable. The identified pilot signal corresponds to the pilot
signal transmitted by the nearest cell-site.

Upon acquisition of the strongest pilot signal, i.e. initial
synchronization of the mobile unit with the strongest pilot signal, the
mobile unit searches for the appropriate setup channel of that cell-site.
The setup channel is transmitted by the cell-site using one of a plurality of
different predetermined spread spectrum codes. In an exemplary
embodiment of the present invention, twenty-one different codes are
used. However, it should be understood that more or less codes could be
used in the setup channel as determined by system parameters. The
mobile unit then begins a search through all of the different codes used in
the setup channel.

When the mobile unit identifies the appropriate setup code for that
cell-site, system information is received and processed. The mobile unit
further monitors the setup channel for control messages. One such

control message would indicate a call is waiting for transfer to this mobile
unit.




16 the analog signal to digital form The digital sig s provided to
the digital vocoder where it is encoded. The vocoder OJtpmACEM@N?Véi_?ﬁq- to
a forward error correction encoding circuit (not shown) tar errqr
correction. This voice digitized. encoded signal is output from ba n
circuitry 50 to transmt nodul ator 52. Transm t mduoaé)c?ﬂ-&%jgﬁa
nodul at es the encoded signal on a PN carrier signal whpse-Rh.sequence §s
chosen according to the assigned 6

[ RN,

The mobile unit continues to scan the received pilot carrier signal
code at the code offsets corresponding to neighboring cell-site transmitted
pilot signals. This scanning is done in order to determine if the pilot
signal emanating from neighboring cells is becoming stronger than the
pilot signal first determined to be strongest. If, while in this call inactive
mode, a neighbor cell-site pilot signal becomes stronger than that of the
initial cell-site transmitted pilot signal, the mobile unit will acquire the
stronger pilot signal and corresponding setup channel of the new cell-site.

When a call is initiated, a pseudonoise (PN) code address is
determined for use during the course of this call. The code address may be
either assigned by the cell-site or be determined by prearrangement based
upon the identity of the mobile unit. After a call is initiated the mobile
unit continues to scan the pilot signal transmitted by cell-sites located in
neighboring cells. Pilot signal scanning continues in order to determine if
one of the neighboring cell-site transmitted pilot signals becomes s&onger
than the pilot signal transmitted by the cell-site the mobile unit is in
communication with. When the pilot signal transmitted by a cell-site
located in a neighboring cell becomes stronger than the pilot signal
transmitted by a cell-site in the current cell, it is an indication to the
mobile unit that a new cell has been entered and that a handoff should be
initiated. In response to this pilot signal strength determination, the .
mobile unit generates and transmits a control message to the cell-site
presently servicing the call. This control message, indicative that a new
cell-site transmitted pilot signal is now stronger than the current cell-site
transmitted pilot signal, is provided to the system controller. The control
'message further contains information identifying the new cell-site and PN
code. The control message as relayed to the system controller is
interpreted that a handoff in mobile unit communications to the
identified new cell-site is to begin.

The system controller now begins the handoff process. It should be
understood that during handoff the PN code address of the particular
mobile unit which is to undergo the handoff process need not change.
The system controller begins the handoff by assigning a modem located in.
the new cell-site to the call. This modem is given the PN address
assodiated with the call in communications between the mobile unit and



address function for the call. The PN sequence is def REPLABEMBNT @MEETO
processor 46 fromcall setup information that is trahsptted—by—the
.cell--site and decoded receivers 40 and 42. In the alfeln ten r@ﬁg?trol
processor 46 may determ ne the PN sequence through pfep m t hf t he
cell-site. Control processor 46 provides the PN sequ nvc +rf-orated tD
transmt nodul ator 52 and to receivers 40-and 42 for{ call decodi ng.
The output of transmit nodul ator 52 is provided to tramsnrt—powner—cottr ol
circuitry 38. Signal transmission power is controlled by the anal og power
control si gnathepcurrent deli-sitenmedemny eTh& sewFoell fsite modemcassigradd bo servite
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processor 46 Yener at'Ss % power. contr ol i's provil
ci rcui try 38. withithesignahfas nmwamlmneﬂ]en ormation’ provxded by the new cell-

site.

When the new cell-site modem transmitted signal is acquired, the
mobile unit switches over to liétening to this signal. The mobile unit then
transmits a control message indicating that handoff is complete. The
control message is provided by either or both of the old and new cell-site
modems to the system controller. In response to this control message the
systemn controller switches the call over to the new cell-site modem alone
while discontinuing the call through the old cell-site modem. The old
cell-site modem then enters a pool of idle modems available for
reassignment. '

As an additional improvement, the handoff process can introduce a
second mode of operation. This second mode is referred to herein as the
cell-site diversity mode. The subject matter on the cell-site diversity mode .
is further Jisclosed in copending U.S. Patent Application entitled
“DIVERSITY RECEIVER IN A CDMA CELLULAR TELEPHONE SYSTEM”,
Serial No. 07/432,552 , filed November 7, 1989, by the inventors hereof and
assigned to the Assignee of the present invention.

In the cell-site diversity mode the call is allowed to linger in the
in-between state as described above with reference to the call being
processed by two cell-sites. In the exemplary embodiment described herein
with reference to the mobile telephone of the present invention, a total of
‘three demodulator processors or receivers are utilized. One of the
receivers is used for the scanning function, while the two other receivers
are used as a two channel diversity receiver. During operation in a single
cell, the scanning receiver attempts to find the cell-site transmitted signal
travelling upon multiple paths to the mobile unit. These multi-path

~ _signals are typically caused by reflections of the signals from terrain
. buildings, and other signalé obstructions. When two or more such
reflections are found, the two receivers are assigned to the two strongest
paths. The scanning receiver continues to evaluate the multiple paths to
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cell-site is determined by the search receiver. The two receivers are
assigned to demodulate the signals on the strongest two paths of the four

paths available from the original cell-site and from the new cell-site. The °

data demodulation process uses information from both of these receivers
in a diversity combining operation. The result of this diversity combining
operation is a greatly improved resistance to deleterious fading that may
occur in the multipath cellular telephone environment.

Although different types of diversity combining techniques are
known in the art, the present invention uses diversity combining to
significantly advance the quality and reliability of communications in a
mobile cellular telephone system. In the present invention a form of
maximal ratio combining is utilized. The signal-to-noise ratio is
determined for both paths being combined with the contributions from
the two paths weighted accordingly. Combining is coherent since pilot
signal demodulation allows the phase of each path to be determined.

In the path from the mobile unit to the two cell-sites, path diversity
reception is also obtained by having both cell-sites demodulate the mobile
unit transmitted signals. Both cell-sites forward their demodulated data
signals to the system controller along with an indication of signal quality
in the cell-sites receiver. The system controller then combines the two
versions of the mobile unit signal and selects the signal with the best
quality indication. It should be understood that it is possible to transmit
the undecoded or even the undemodulated signals to the system
controller in order to allow a better diversity combinin'g'process to be
utilized. : |

The, handoff process in the cell diversity mode is initiated as
previously discussed. The mobile unit determines that a neighboring
cell-site transmitted signal is of a signal strength great enough to allow
good quality demodulation of the signal. The mobile unit transmits a
control message to the current cell-site indicating the identity of this new
cell-site and a request for the cell diversity mode. The cell-site then relays
the cell-site identity and request to the system controller.

32
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decisions relative to handoff and diversity conbining.
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havi ng a separate antenna and anal og

The system controller responds by connecting the call to a modem
in the new cell-site. The system controller then performs diversity
combining of the signals received by the two cell-sites while the mobile
unit performs diversity combining of the signals received from the two
cell-sites. The cell diversity mode continues as long as signals received
from both cell-sites are of a level sufficient to permit good quality
demodulation.

The mobile unit continues to search for signals transmitted from
other cell-sites. If a third cell-site transmitted signal becomes stronger than
one of the original two cell-site signals, the control message is then
transmitted by the mobile unit via at least one current cell-site to the
system controller. The control message indicates the identity of this
cell-site and a request for handoff. The system controller then
discontinues the call being communicated via the weakest cell-site signal
of the three while providing the call through the two strongest cell-sites.
Should the mobile ‘units be equipped with additional receivers, such as
three receivers, a triple cell-site diversity mode may be implemented.

The cell-site diversity mode is terminated when the mobile unit
determines that only one cell-site is providing adequate signals for quality
demodulation. The mobile unit then sends a control message indicative
of the cell-site to remain in communication upon termination of the cell-
site diversity mode. The cell-site diversity mode may also be terminated
by the system controller if the system were to become overloaded with an
insufficient number of modems available to support all mobile unit
requests for this mode of operation. The cell-site diversity mode as
discussed is implemented by decisions being made at the mobile unit to
operate in the cell-site diversity mode. However, it should be understood .
that the cell-site diversity mode can be implemented with the dedisions for
operation in this mode being made at the system controller.

The present invention provides a substantial im;}rovement over
present cellular telephone systems with 'respect to mobile unit handoff.
The make-before-break handoff mechanism of the present invention is a
significant improvement in overall system reliability with lower service
disruption. The implementation of a cell-site diversity mode provides

52 for transm ssion. Control processor 46 |scmgge%gﬁ:§ﬁis .
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for handoff and diversity is cell-site control processor 78. Both receiver
systens are coupled to diversity conbiner and decoder circuitry 80. Digital
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with cell-site transmt nodulator 84 and circuitry 80

The features and advantages of the present invention will become
more apparent from the detailed description set forth below when taken
in conjunction with the drawings in which like reference characters
correspond throughout and wherein:

Figure 1 is a schematic overview of an exemplary CDMA cellular
telephone system in accordance with the present invention;

Figure 2 is a block diagram of a mobile unit telephone configured
for CDMA communications in a CDMA cellular telephone system;

Figure 3 is a block diagram of a cell-site equipment in a CDMA
cellular telephone system; and .

Figure 4 is a block diagram of a mobile telephone switching office
equipment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An.exemplary telephone system in which the present invention is
embodied is illustrated in Figure 1. The system illustrated in Figure 1
utilizes CDMA modulation techniques in communication between the
system mobile units or mobile telephones, and the cell-sites. Cellular
systems in large cities may have hundreds of cell-site stations serving
hundreds of thousands of mobile telephones The use of CDMA
techniques readily facilitates increases in user capacity in systems of this
size as compared to conventional FM modulation cellular systems.

In Figure 1, system controller and switch 10, also referred to as
mobile telephone switching office (MTSO), typically includes interface and
processing circuitry for providing system control to the cell-sites.
Controller 10 also controls the routing of telephone calls from the public
switched telephone network (PSTN) to the appropriate cell-site for
transmission to the appropriate mobile unit. Controller 10 also controls
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communicate directly with one another.

Controller 10 may be coupled to the cell-sites by various means such
as dedicated telephone lines, optical fiber links or by microwave
communication links. In Figure 1, three such exemplary cell-sites, 12, 14
and 16 along with an exemplary mobile unit 18, which indudes a cellular
telephone, are illustrated. Arrows 20a-20b define the possible
communication link between cell-site 12 and mobile unit 18.

"Arrows 22a-22b define the possible communication link between cell-site
14 and mobile unit 18. Similarly, arrows 24a-24b define the possible
communication link between cell-site 16 and mobile unit 18.

The cell-site service areas or cells are designed in geographic shapes
such that the mobile unit will normally be closest to one cell-site. When
the mobile unit is idle, i.e. no calls in progress, the mobile unit constantly
monitors the pilot signal transmissions from each nearby cell-site. As
illustrated in Figure 1 the pilot signals are respectively transmitted to .
mobile unit 18 by cell-sites 12, 14 and 16 respectively upon communication
links 20b, 22b and 24b. The mobile unit then determines which cell it is in -
by comparing pilot signal strength transmitted from these particular
cell-sites.

In the example illustrated in Figure 1, mobile unit 18 may be
considered closest to cell-site 16. When mobile unit 18 initiates a call, a
control message is transmitted to the nearest cell-site, cell-site 16. Cell-site
16 upon receiving the call request message, signals system controller 10
and transfers the call number. System controller 10 then connects the call
through the PSTN to the intended recipient. o

Should a call be initiated within the PSTN, controller 10 transmits
the call information to all the cell-sites in the area. The cell-sites in return
transmit a paging message to the intended recipient of mobile unit. When
the mobile unit hears a page message, it responds with a control message
that is transmitted to the nearest cell-site. This control message signals the

- system controller that this particular cell-site is in communication with
the mobile unit. Controller 10 then routes the call through this cell-site to -

)
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Should mobile unit 18 move out of the coverage area aof the initial
cell-site, cell-site 16, an attempt is made to continue the call by routing the
call through another cell-site. In the handoff process there are two
different methods of initiating the handoff of the call or routing through
another cell-site.

The first method, called the cell-site initiated handoff, is similar to
the handoff method employed in the original first generation analog
cellular telephone systems currently in use. In the cell-site initiated
handoff method, the initial cell-site, cell-site 16, notices that the signal
transmitted by mobile unit 18 has fallen below a certain threshold level.
Cell-site 16 then transmits a handoff request to system controller 10.
Controller 10 relays the request to all neighboring cell-sites, 14, 12 of cell-
site 16. The controller transmitted request includes information relating
to the channel, including the PN code sequence used by mobile unit 18.
Cell-sites 12 and 14 tune a receiver to the channel being used by the mobile
unit and measure the signal strength, typically using digital techniques. If
one of cell-sites 12 and 14 receivers report a stronger signal than the initial
cell-site reported signal strength, then a handoff is made to this cell-site.

"~ The second method of initiating a handoff is called the mobile
initiated handoff. The mobile unit is equipped with a search receiver
which is used to scan the pilot signal transmission of neighboring cell-sites
12 and 14, in addition to performing other functions. If a pilot signal of
cell-sites 12 and 14 is found to be stronger than the pilot signal of cell-site
16, mobile unit 18 transmits a control message to the current cell-site, cell-
site 16. This control message contains information identifying the cell-site
of greater signal strength in addition to information requesting a handoff
of this cell-site. Cell-site 16 transfers this control message to controller 10.

The mobile initiated handoff method has various advantages over
the cell-site initiated handoff method. The mobile unit becomes aware of
changes in paths between itself and the various neighboring cell-sites
much sooner and with less effort than the cell-sites are capable of doing.
However, to perform a mobile initiated handoff, each mobile unit must be
provided with a searching receiver to perform the scan function.
However, in the exem_plary embodiment described herein of a mobile unit
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coupled through d)plexer 32 to analog receiver 34 and fransmit power

amplifier 36. Antenna 30 and diplexer 32 are of standard design and
permit simultaneous transmission and reception through a single
antenna. Antenna 30 collects transmitted signals and provides them
through diplexer 32 to analog receiver 34. Receiver 34 receives the RF
frequency signals from diplexer 32 which are typically in the 850 MHz
frequency band for amplification and frequency downconversion to an IF
frequency. This frequency translation process is accomplished using a
frequency synthesizer of standard design which permits the receiver to be
tuned to any of the frequencies within the receive frequency band of the
overall cellular telephone frequency band.

The IF signal is then passed through a surface acoustic wave (SAW)
bandpass filter which in the preferred embodiment is approximately
1.25 MHz in bandwidth. The characteristics of the SAW filter are chosen
to match the waveform of the signal transmitted by the cell-site which has
been direct sequence spread spectrum modulated by a PN sequence clocked
at a predetermined rate, which in the preferred embodiment is 1.25 MHz.
This dock rate is chosen to be an integer multiple of a number of common
data rates such as 16 Kbps, 9.6 Kbps, and 4.8 Kbps.

Receiver 34 also performs a power control function for adjusting
the transmit power of the mobile unit. Receiver 34 generates an analog
power control signal that is provided to transmit power control circuitry
38. The control and operation of the mobile unit power control feature is
disclosed in copending U.S. Patent Application entitled “METHOD AND
APPARATUS FOR CONTROLLING TRANSMISSION POWER IN A
CDMA CELLULAR MOBILE TELEPHONE SYSTEM”, Serial
No. 07/433,031, filed November 7, 1989, by the inventors hereof and
assigned to the Assignee of the present invention.

Receiver 34 is also provided with an analog to digital (A/D)
converter (not shown) for converting the IF signal to a digital signal with
conversion occurring at a 9.216 MHz clock rate in the preferred
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to deternine asignalols psevided t:@.@ﬁ so two or more signal processors or data
receivers, one of which is a searcher receiver with the remainder being
data receivers.

In Figure 2, the digitized signal output from receiver 34 is provided
to digital data receivers 40 and 42 and to searcher receiver 44. It should be
understood that an inexpensive, low performance mobile unit might
have only a single data receiver while higher performance units may have
two or more to allow diversity reception.

The digitized IF signal may contain the signals of many on-going
calls together with the pilot carriers transmitted by the current and all
neighboring cell-sites. The function of the receivers 40 and 42 are to
correlate the IF samples with the proper PN sequence. This correlation
process provides a property that is well-known in the art as “processing
gain” which enhances the signal-to-interference ratio of a signal matching
the proper PN sequence while not enhancing other signals. Correlation
output is then synchronously detected using the pilot carrier from the
closest cell-site as a carrier phase reference. The result of this detection
process is a sequence of encoded data symbois.

A property of the PN sequence as used in the present invention is
that discrimination is provided against multipath signals. When the
signal arrives at the mobile receiver after passing through more than one
path, there will be a difference in the reception time of the signal. This
reception time difference corresponds to the difference in distance divided
by the speed of light. If this time difference exceeds one microsecond, then
the correlation process will discriminate against one of the paths. The
receiver can choose whether to track and receive the earlier or later path,
If two receivers are provided, such as receivers 40 and 42, then two
independent paths can be tracked and in parallel.

Searcher receiver 44, under control of control processor 46 is for
continuously scanning the time domain, around the nominal time of a
received pilot signal of the cell-site, for other multi-path pilot signals from
the same cell-site and for other cell-site transmitted pilot signals. Receiver
44 will measure the strength of any reception of a desired waveform at
times other than the nominal time. Receiver 44 compares signal strength
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estimate is discussed in further detail in the co-pending application

nmenti oned above.

in'the received signals. Receiver 44 provides a signal strength signal to
control processor 46 indicative of the strongest signals.

Processor 46 provides signals to digital data receivers 40 and 42 for
each to process a different one of the strongest signals. On occasion
another cell-site transmitted pilot signal is of greater signal strength than
the current cell-site signal strength. Control processor 46 then would
generate a control message for transmission to the system controller via
the current cell-site requesting a transfer of the cell to-the cell-site
corresponding to the stronger pilot signal. Receivers 40 and 42 may
therefor handle calls through two different cell-sites.

The outputs of receivers 40 and 42 are provided ‘to diversity
combiner and decoder circuitry 48. The diversity combiner éircuitry
contained within circuitry 48 simply adjusts the timing of the two streams
of received signals into alignment and adds them together. This addition
process may be proceeded by multiplying the two streams by a number
corresponding to the relative signal strengths of the two streams. This
operation can be considered a maximal ratio diversity combiner. The
resulting combined signal stream is then decoded using a forward stream
error detection decoder also contained within circuitry 48. _

In the exemplary embodiment convolutional encoding is utilized.
The convolutional encoding has a constraint length 9 and a code rate 1/3,
i.e. three encoded symbols are produced and transmitted for every
information bit to be transmitted. The optimum decoder for this type of
code is of the soft decision Viterbi algorithm decoder design. The resulting
decoded information bits are passed to the user digital baseband drcuitry
50. :

Baseband circuitry 50 typically includes a digital vocoder (not
shown). Baseband circuitry 50 further serves as an interface with a
handset or any other type of peripheral device. Baseband circuitry 50
accommodates a variety of different vocoder designs. Baseband circuitry
50 provides output information signals to the user in accordance with the
information provided thereto from circuitry 48.

User analog voice signals typically provided through a handset are
provided as an input to baseband circuitry 50. Baseband circuitry 50
indudes an analog to digital (A/D) converter {(not shown) which converts
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control of control processor 78. Transmt dul at or., 84 spread, spectrum

transmit modulator 52. |

Transmit modulator 52 modulates the encoded signal on a PN
carrier signal whose PN sequence is chosen according to the assigned
address function for the call. The PN sequence is determined by control
processor 46 from call setup information that is transmitted by the cell-site
and decoded receivers 40 and 42. In the alternative, control processor 46
may determine the PN sequence through prearrangement with the
cell-site. Control processor 46 provides the PN sequence information to
transmit modulator 52 and to receivers 40 and 42 for call decoding.

The output of transmit modulator 52 is provided to transmit power
control circuitry 38. Signal' transmission power is controlled by the analog
power control signal provided from receiver 34. Furthermore, control bits

' are transmitted by the cell-sites in the form power adjustment command
and are processed by data receivers 40 and 42. The power adjustment
command is used by the control processor in setting the power level in
mobile unit transmission. In response to the power adjustment
commands, control processor 46 generates a digital power control signal
that is -provided to circuitry 38. Further information on the
interrelationship of the receivers 40 and 42, control processor 46 and
transmit power ‘control 35 are also further described in the
above-mentioned copending patent application.

Transmit power control circuitry 38 outputs the power controlled
modulated signal to transmit power amplifier circuitry 36. Circuitry 36
amplifies and converts the IF signal to an RF frequency by mixing with a
frequency synthesizer output signal which tunes the signal to the proper
output frequency. Circuitry 36 includes an amplifier which amplifies the
power to a final output level. The intended transmission signal is output
from circuitry 36 to diplexer 32. Diplexer 32 couples the signal to antenna
30 for transmission to the cell-sites. | '

Control processor 46 is also capable of generating control messages
such as cell-diversity mode requests and cell-site communication .
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igital to ana P Is responsive to the
data received from data receivers 40, 42 and search receiver 44 for making
decisions relative to handoff and diversity combining.

Figure 3 illustrates in block diagram form an exemplary
embodiment of the cell-site equipment. At the cell-site, two receiver
systems are utilized with each having a separate antenna and analog
receiver for space diversity reception. In each of the receiver systems the
signals are processed identically until the signals undergo a diversity
combination process. The elements within the dashed lines correspond to

“elements corresponding to the communications between the cell-site and
one mobile unit. . The output of the analog receivers are also provided to
other elements used in communications with other mobile units.

In Figure 3, the first receiver system is comprised of antenna 60,
analog receiver 62, searcher receiver 64 and digital data receiver 66. This
receiver system may also include an optional digital data receiver 68. The
second receiver system includes antenna 70, analog receiver 72, searcher
receiver 64 and digital data receiver 66. Also utilized in signal processing
and control for handoff and diversity is cell-site control processor 78. Both
receiver systems are coupled to diversity combiner and decoder
circuitry 80. Digital link 82 is utilized to communicate signals to and from
the MTSO (Figure 4) with cell-site transmit modulator 84 and circuitry 80
under the control of control processor 78.

Signals received on antenna 60 are provided to analog receiver 62.
Recejved signals amplified by an amplifier in receiver 62 are translated to
an IF frequency by mixing with a frequency synthesizer output signal. The
IF signals are bandpass filtered and digitized in a process identical to that
described with reference to the mobile unit analog receiver. The digitized'
IF signals are provided to digital data receiver 66, optional data receiver 68
and searcher receiver 64 and are processed respecti'vely in a manner
similar to that as disclosed with reference to the digital data receivers and
searcher receiver of the mobile unit in Figure 2. However, the processing
by the digital data receivers and searcher receivers are different for the
mobile to cell-site link from that used in the cell-site to mobile link in
several respects.

of



20 converter, frequency upconversion circuitry and

respectfully converting the digital signals to anal I ng
the I F frequency signals as output fromthe transni d hnl RF
frequency and anplifying the RF signal. The output {fr | ' 8|is
provided to antenna 92 where it is radiated to nobijl 387 n it He
cell- site service area. Cell-site cog%rol pr ¢c
responsibility for assignment of digital data recejvers and nodul atofs to a
particular call. Control .
and symbols for use within a Viterbi algorithm decoder implemented in
drcuitry 80.

The Viterbi decoder is preferably of a constraint length 9, and of a
code rate 1/2. The Viterbi decoder is utilized to determine the most likely
information bit sequence. For each vocoder data block, nominally 15
msec. of data, a signal quality estimate is obtained and transmitted as a
mobile unit power adjustment command along with data to the mobile
unit. Further information on the generation of this quality estimate is
discussed in further detail in the co-pending application mentioned above.
This quality estimate is the average signal-to-noise ratio over the 15 msec.
interval.

In Figure 3, optional digital data receiver 68 may be included for
improved performance of the system. This additional data receiver alone
or in combination with additional receivers can track and receive other
possible delay paths of mobile unit transmitted signals. The structure and
operation in this receiver is similar to that described with reference to the
digital data receivers 66 and 76. Receiver 68 is utilized to obtain additional
diversity modes. Optional additional digital data receivers providing
additional diversity modes are extremely useful in those cell-sites which
are located in dense urban areas where many possibilities for multipath
signals occur. _

Signals from the MTSO are coupled to the appropriate transmit
modulator via digital link 82 under control of control processor 78.
Transmit modulator 84 spread spectrum modulates, according to a
predetermined spreading function as assigned by control processor 78, the
data for transmission to the intended recipient mobile unit. The output of
transmit modulator 84 is provided to transmit power control circuitry 86
where under the control of control processor 78 the transmission power

i may be controlled. The output of circuitry 86 is provided to transmit
- power amplifier circuitry 88.

Circuitry 88 includes a summer for summing the output of transmit -
modulator 84 with the output of other transmit modulators at the cell-site.
Circuitry 88 further includes a summer for summing the pilot signal .
output from pilot signal generator 90 with the summed transmit
modulator output signals. Circuitry 88 also includes a digital to analog
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provided to antenna 92 where it is radiated to mobile units within the cell-
site service area. .

Cell-site control processor 78 has the responsibility for assignment
of digital data receivers and modulators to a particular call. Control
processor 78 also monitors the progress of the call, quality of the signals
and initiates teardown on loss of signal. The cell-site communicates with
the MTSO via link 82 where it is coupled by a standard telephone wire,
optical fiber, or microwave link. _ :

Figure 4 illustrates in block diagram form the equipment utilized in

. the MTSO. The MTSO typically includes a system controller or system
control processor 100, digital switch 102, diversity combiner 104, digital
vocoder 106 and digital switch 108. Although not illustrated, additional
diversity combiners and digital vocoders are coupled between digital
switches 102 and 108.

When the cell-diversity mode is active, or the MTSO is in the
handoff process with the call processed by two cell-sites, signals will arrive
at the MTSO from more than one cell-site with nominally the same
information. However, because of fading and interference on the inbound
link from the mobile unit to the cell-sites, the signal from one cell-site
may be of better quality than the signal from the other cell-site.

.. Digital switch 102 is used in routing the information stream
corresponding to a given mobile unit from one or more cell-sites to
diversity combiner 104 or the corresponding diversity combiner as
determined by a signal from system control processor 100. When the
system is not in the cell-diversity mode, diversity combiner 104 may be
either bypassed or fed the same information on each input port.

A multiplicity of serial coupled diversity combiners and vocoders
are provided in parallel, nominally, one for each call to be processed.
Diversity combiner 104 compares the signal quality indicators
accompanying the information bits from the two or more cell-site signals.
Diversity combiner 104 selects the bits corresponding to the highest quality

)
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cell-site signatacoder $8rsity conbi ner 104 selects the bits corresponding to
the highest quality yocoder 106 converts the format of the digitized voice signal to
standard 64 Kbps PCN telephone format, analog, or any other standard
format. The resultant signals are transmitted from vocoder 106 to digital
switch 108. Under the control of system control processor 100, the call is
routed to the PSTN.

Voice signals coming from the PSTN intended for the mobile unit
are provided to digital switch 108 to an appropriate digital vocoder such as
vocoder 106 under control of system control processor 100. Vocoder 106
encodes the input digitized voice signals and provides the resulting

" information bit stream directly to digital switch 102. Digital switch 102
under system control processor control directs the encoded data to the cell-
site or cell-sites to which the mobile unit is communicating. If the mobile
unit is in a handoff mode communicating to multiple cell-sites or in a cell
diversity mode, digital switch 102 routes the calls to the appropriate cell-
sites for transmission by the appropriate cell-site transmitter to the
intended recipient mobile unit. However, if the mobile unit is
communicating with only a single cell-site or not in a cell diversity mode,
the signal is directed only to a single cell-site.

System control processor 100 provides control over digital switches
102 and 106 for routing data to and from the MTSO. System control
processor 100 also determines the assignment of calls to the cell-sites and
to the vocoders at the MTSO. Furthermore, system control processor 100
communicates with each cell-site control processor about the assignment
of particular calls between the MTSO and cell-site, and the assignment of
PN codes for the calls. It should be further understood that as illustrated
in Figure 4 digital switches 102 and 106 are illustrated as two separate
switches, however, this function may be performed by a single physical
switching unit. :

The previous description of the preferred embodiments are -
provided to enable any person skilled in the art to make or use the present
invention. Various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principles defined
herein may be applied to other embodiments without the use of the
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inventive faculty. Thus, the present invention is not intended to be
limited to the embodiment herein, but is to be accorded the widest scope
consistent with the principles as novel features disclosed herein.

WE CLAIM:
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code division spread spectrum signals with at least one of a plurality of
geographically separated cell-sites, each defining a geographic service area,
for coupling via a system controller to said other system user, a system for
directing communications between said mobile user and said cell-sites as
said mobile user changes service areas comprising: '
' means for, while said mobile user is in a service area of one cell-site
and in communication with said another system user via said one
cell-site, determining a transition of said mobile user from said one
cell-site service area to a service area of another cell-site, and for providing
an indication identifying said another cell-site;
means responsive to said indication for coupling communications
between said mobile user and said another system user via said another
cell-site while said mobile user also remains in communication with said
another system user via said one cell-site; and
means responsive to said coupling of communications between said
mobile user and said another system user via said another cell-site for
terminating said communications between said mobile user and said
another system user via said one cell-site with communications
continuing between said mobile user and said another system user via
‘said another cell-site.

2. The communications directing system of Claim 1 wherein,
each cell-site transmits a same pilot signal of a different phase than a
neighboring cell-site, said means for determining comprising:

scanning receiver means disposed at said mobile unit for, receiving
cell-site transmitted pilot signals, measuring signal strength of each of said
received pilot signals, comparing the relative signal strengths and
providing a signal strength signal indicative of received pilot signals of
greatest signal strength; and
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of said another cell-site transmitted pilot signal is of greater signal strength
than said one cell-site transmitted pilot signal generating a handoff request
command, and wherein said handoff request command is indicative of
said another cell-site and communicated to said one cell-site.

3. The communications directing system of Claim 2 wherein
said one cell-site couples said handoff request command to said system
controller and wherein said means for coupling comprises:

system processing means located at said system controller for
receiving said one cell-site coupled handoff request command and
responsive thereto for generating a first switch command; and

switching means located at said system controller for coupling
communications between said mobile user and said system user via said
one cell-site and responsive to said first switch command for directing
communications between said mobile user and said other system user via
said another cell-site.

4. The communications directing system of Claim 1 wherein
said means for terminating comprises:

additional processing means located at said mobile unit and
responsive to communications between said mobile user and said another
cell-site for generating a handoff complete command, said mobile unit
communicating said handoff complete command to said system controller
via at least one of said one cell-site and said another cell-site, said system
processing means responsive to said handoff complete command for
generating a second switch command, said switching means responsive to
said second switch command for terminating communication betweer.
said mobile unit and said other system use via said one cell-site.
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AMENDED CLAIMS
[received by the International Bureau on 22 April 1991 (22.04.91);
original claims 1-4 amended; new claims 5-23 added (13 pages}]

1. In a cellular telephone system in which a mobile system user
and another system user communicate user information signals
therebetween via at least one of a plurality of geographically separated
cell-sites each defining a respective geographic service area, a system for
directing communications between said mobile system user and said
another system user via said at least one of said plurality of cell-sites as
said mobile system user changes cell-site service areas, comprising:

means for, while said mobile system user is in a service area of one
cell-site and communicating user information signals with said another
system user via said one cell-site, determining a transition of said mobile
system user from said one cell-site service area to a service area of another
cell-site, and for providing a handoff request identifying said another
cell-site;

means responsive to said handoff request for coupling a
communication of said user information signals between said mobile
system user and said another system user via said another cell-site while
said mobile system user and said another system user con.inue in
communication of said user information signals via said one cell-site such
that said mobile system user and said another system user .concurrently
communicate said user information signals through said one cell-site and
said another cell-site; and '

means responsive to said coupling of communication of said user
information signals between said mobile system user and said another
system user via said another cell-site for terminating said communication
of said user information signals between said mobile system user and said
another system user via said one cell-site with said communication of said
user information signals continuing between said mobile system user and
said another systém user via said another cell-site.

2.  The system of Claim 1 wherein each cell-site transmits a pilot
-signal indicative of said transmitting cell-site, said means for determining
comprising:
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scanning receiver means located at said mobile system user for
when said mobile system user is in a transition from said one cell-site
service area to said another cell-site service area, receiving said cell-site
transmitted pilot signals, measuring signal strength of each received pilot
signal, comparing pilot signal strength measurements, and providing a
signal strength signal indicative of a received pilot signal of greatest
measured signal strength and cell-site of origin; and

processing means located at said mobile system user for receiving
said signal strength signal and for, when said signal strength signal
changes from indicating said one cell-site transmitted pilot signal is of a
greater signal strength than said another cell-site transmitted pilot signal
to indicating said another cell-site transmitted pilot signal is of a signal
strength greater than said one cell-site transmitted pilot signal, generatmg
said handoff request.

3. The system of Claim 2 wherein said mobile system user
communicates said handoff request to said one cell-site for coupling to a
system controller, wherein said system controller comprises said means
for coupling, and said means for coupling comprises:

system processing means for receiving said handoff request and
responsive thereto for generating a first switch command; and

switching means for, under control of said system processmg
means, coupling said communication of said user information signals
between said mobile user and said system user via said one cell-site and
responsive to said first switch command for coupling said communication
of said user information signals between said mobile system user and said
another-system user via said another cell-site.

4.  The system of Claim 3 wherein said means for terminating
comprises: '

said processing means being further responsive to said -
communication of user information signals between said mobile system
user and said another system user via said another cell-site for generating
a handoff complete command, said mobile system user communicating

is Sheet Has Been Replaced

BT




di recting comuni cati ons between said nobile system user and said

anot her systemuser via said at |east one of said plurafi Q LL-S1LES
as sai d nobi+e-system-user--ehanges cell-site servicg @é&@g@génﬁﬁgﬁn

means for, while ' muser is in a servicpk area of one
cell-site and comlﬂuuﬂ)muﬁulﬁﬂll nformation signals wi hrsgiﬁi P ARER L
system user via sa& donk ctllssite, determining a transftjon of said no
systemuser fromsaid one cell-site serviae'area to a sprvice area of
anot her cell-site, and for providing a handoff requkst identifying sajd
anot her cell-site; means . responsi ve to said handoff request
for coupling &aid ia@éﬁ’%‘?ﬂ%ﬁ‘@%ﬁom%ﬁ‘ﬂdoﬁéﬁi sygtes faRITeHeE Vimat deaséonsen
said nobile of ay8 oA deliteand said hristRbhesll-sitst em user via said anot her

cell-site while said Erobi | e sgs.tem user ,and s igwanot her system _user
continue in consl‘?l.la1 | YAt PIRCeSSING MeAns ReRgHUr BT sTeSRANSiNA d0ssaid one
cel | -site sucthandoff himplatel comimhard sfort generatingaadsexand switcheeomysdd?
user concurrenfly

[\ ¥

Ije

said switching means being further responsive to said second switch
command for decoupling communication of said user information signals
between said mobile system user and said another system user via said
one cell-site.

- 5, In a cellular radio communication system, a met}}oa for
handing off communications between a mobile system user and another
system user from one cell to another cell comprising the steps of:

directing by a system controller a relay of user information signals
between a mobile system user and another system user through one
cell-site; .
determining, by said mobile system user while said mobile system
« user and said another system user are communicating said user -
information signals through said one cell-site, a transition of said mobile
system user from a service area of said one cell-site to a service area of
another cell-site;
generating, by said mobile user in response to said transition
determination, a first control signal identifying said another cell-site;
communicating said first control signal from said mobile system
user tlirough said one cell-site to a system controller; :
directing, by said system controller in response to said first control
signal, a communication of said user information signals between said -
mobile system user and said another system user through said another
cell-site concurrently with said communication of said user information
signals between said mobile system user and said another system user
through said one cell-site. |
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cel | -site, said mgeneratingdebyersdidi myobile coygtenrsiwger in response to said
communication of said user information signals between said another
system user and said mobile system user via said another cell-site, a
second control signal;
communicating said second control signal from said mobile system
user to said system controller via at least one of said one cell-site and said
another cell-site; and
terminating by said system controller a directing of said user
information signals to said one cell-site.

7. The method of Claim 5 wherein said user information
signals communicated by said mobile system user, said one cell-site and
said another cell-site are spread spectrum modulated according to a
predetermined spreading code.

8. The method of Claim 6 wherein said user information

- signals communicated by said mobile system user, said one cell-site and

said another cell-site are spread spectrum modulated according to a
predetermined spreading code.

9. . In a cellular radio telephone system in which mobile users
are capable of initiating and receiving’calls to and from other mobile users
and users in a public telephone system wherein said calls are relayed
through at least one of a plurality of cell-sites under the control of a system
controller, each of said calls comprised of user information signals which
are spread spectrum modulated according to a different predetermined
user information signal spreading code as communicated between said at '
least one cell-site and a corresponding mobile user, and wherein each cell-
site transmits a pilot signal that is spread spectrum modulated according to
a same predetermined pilot signal spreading code and of a different
predetermined code phase with respect to a neighboring cell-site, a method
for directing the relay of communications between one mobile user and’
another user through said cell-sites as said mobile user changes service
areas of said oell-sxtes, saxd method compnsmg the steps of:
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communicating user information signals between a mobile user
and said another user through a first cell-site;

transmitting said pilot signals by said first cell-site and a second

~ cell-site;

receiving at said one mobile user said first and second cell-site
transmitted pilot signals;

determining at said mobile user relative pilot signal strength of said
pilot signals as received at said mobile user;

generating, at said mobile user in response to said determination of
relative pilot signal strength, a handoff request when said second cell-site
transmitted pilot signal is of a predetermined level with respect to said
first cell-site transmitted pilot signal;

communicating said handoff request to said system controller via
said first cell-site; :

assigning by said system controller said second cell-site to relay said

communication of user information signals between said mobile user and

said another user; and

communicating said user information signals between said mobile
user and said another user through said second cell-site wherein said
mobile user and said another user concurrently communicates through
both said first and second cell-sites.

10.  The method of Claim 9 further comprising the steps of:

detecting at said mobile user said communication of said user
information signals as relayed through said second cell-site;

generating a handoff complete command at said mobile user in
response to said detection of said second cell-site relayed communication
of said user information signals; .

transmitting said handoff complete command to at least one of said
first and second cell-sites; and

terminating in response to said handoff complete command said

communication of user information between said mobile user and said

another system user through said first cell-site.
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wherein said mobile user is responsive to said cell-diversity mode
request for maintaining communication with said another through said
first and second cell-sites.

12.  The method of Claim 9 wherein the step of communicating
~ said user information signals through said first cell-site comprises the

steps of:

receiving at said system controller user information signals from
said another user;

coupling said another user information signals from said system
controller to said first cell-site;

receiving at said first cell-site from said system controller said
another user information signals ;

modulating at said first cell-site said another user information
signals according to a first predetermined user information signal-
spreading code so as to provide a first spread spectrum signal;

transmitting by said first cell-site said first spread spectrum signal;

receiving at said mobile user said first spread spectrum signal;

despreading, at said mobile user according to said first
predetermined user information signal spreading code, said received first
spread spectrum signal so as to provide an output of said another user
information signals;

receiving an mput of mobile user information signals;

modulating at said mobile user said mobile user information

_ signals according to said first predetermined user information signal

spreading code so as to provide a second spread spectrum signal;

transmitting by said mobile user said second spread spectrum
modulated mobile user information signals;

receiving at said first cell-site second spectrum signal;

despreading, at said first cell-site according to said first
predetermined user information signal spreading code, said received
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responsi ve thereto for generating a first swtch commandg—art
swit chi ng neans for, under control of said system procegsRhBLAGESENT, SHEET
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controller from said first cell-site;

receiving at said system controller said mobile user information
signals from said first cell-site; and

providing an output of said mobile user information signals from
said system controller to said another user.

13.  The method of Claim 9 wherein the step of determining
relative pilot signal strength comprises the steps of:

measuring pilot signal strength of said received pilot signals at said
one mobile user;

comparing at said mobile user said pilot signal strength

. measurements; and . :

identifying one of said pilot signals of greatest signal strength.

14. The method of Claim 9 wherein the step of communicatihg :
said handoff request comprises the steps of:

transmitting said handoff request to said first cell-site; and

relaying by said first cell-site said handoff request to said system
controller.

15. The method of Claim 9 wherein the step of assigning said
second. cell-site to said communication of user information signals
comprises the steps of: '

determining from said handoff request an identification of said
second cell-site; .

communicating to said second cell-site an assignment of said second
cell-site in communicating said user information signals between said
mobile user and said another user; and _

selecting at said second cell-site one of a plurality of modems at said

-second cell-site for communication of said user information signals
between said mobile user and said another user.
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16.  The method of Claim 9 wherein the step of communicating
said user information signals through said first and second cell-sites
comprises the steps of:

receiving at said system controller user information signals from
said another user;

coupling said another user information signals from said system
controller to said first and second cell-sites;

receiving at said first and second cell-sites from said system
controller said another user information signals ;

modulating at said first and second cell-sites said another user -
information signals according to a first predetermined user information
signal spreading code 5o as to provide a first spread spectrum signal at each
of said first and second cell-sites;

transmitting by sa1d first and second cell-sites said first spread
spectrum signals;

receiving at said mobile user said first spread spectrum signals;

despreading, at said mobile user according to said first
predetermined user information signal spreading code, said received first
spread spectrum signals;

combining said despread first spread spectrum signals so as to
provide an output of said another user information signals

receiving an input of mobile user information signals;

modulating at said mobile user said mobile user information
signals according to said first predetermined user information signal
spreading code so as to provide a second spread spectrum signal;

~ transmitting by said mobile user said second spread spectrum

modulated mobile user information signals;

receiving at said first and second cell-sites said second spread
spectrum signal; _ . .

despreading, at said first and second cell-sites according to said first
predetermined user information signal spreading code, each first and
second cell-site received second spread spectrum signal so as to provide an
output from each of said first and second cell-sites said mobile user
information signals; ' '
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and . said switching means being further responsive to

swi tch conmand for _deg ni cati on of said user i
si gnal s between s Ii‘iimﬂ “al g“i Wuser and sai d anot her
sai d one cell-sit na cellular radio co
a nethod for handi ng off cormunl cations between a nobile
anot her system user fromone cell to another cell conprisiing
directing by a systemcontroller a relayk f user informatifon signals

between a nobile system -user and anoth Qrgsystem user through one :
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controller from each or said first and second cell-sites;
receiving at said system controller said mobile user information
signals from said first cell-site; and _
combining said at said system controller said mobile user
information signals received from said first and second cell-sites so; and
providing an output of said combined mobile user information
signals from said system controller to said another user.

ai-d—seeend
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17. The method of Claim 10 wherein the step of terminating said
communication of user information between said mobile user and-said
another system user through said first cell-site comprises the steps of:

relaying by said at least one of said first and second cell-sites said
handoff complete command to said system controller;

decoupling by said system controller a communication of said user
information signals between said another user and said first cell-site;-

discontinuing by said first cell-site a communication of said user
information signals from said another user to said mobile user;

generating a termination command at said first cell-site;

transmitting said termination command to said mobile user; and

discontinuing by said mobile user a communication of said user
information signals from said mobile user to said first cell-site.

18.  In a mobile radio telephone system in which mobile users are
capable of initiating and receiving calls comprised of user information
signals to and from other mobile users and users in a public telephone
system wherein said calls are relayed through at least one of a plurality of
cell-sites under the control of a system controller and wherein each cell-
site has a corresponding service area, a system for directing the relay of
communications between one mobile user and another user through said
cell-sites as said mobile user changes cell-site service areas, said system
comprising:

means at each cell-site of said plurality of cell-sites for generating
and transmitting a pilot signal indicative of each cell-site of origin;
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i nformation signals through said one cell-site, a transi )

system user frgm a servi te area of said one cell-site to]: é-l“-@ﬂﬂéf\ﬁr%m'f
anot her cel | -si tjmullrmmlmmﬁ ﬁmg by said nobile user|ifi Tesponse~te
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anot her cell-site; comlni®cating said first control fkignal from's
nobi | e system user through said one cell-site to a systgmcontro ;
directing, by said systemcontroller in gegponse to sai irst_contro
signal, a conmunication of said user inforfation signals between sard
mobi | e system user and said another system user through said another
cel | -site concurredPednsyat paid systemnoanirallesnfosf receising arser rindormttion
si gnal s bet wegfgrals dromba higef ¥ndetdwsitng 38 tAeH IR MMorS Y8 ¥ Y first

[ n ell-site.
t hrough said Oceﬁ-sclte;

means at said first cell-site for, receiving said user information
signals from said system controller, spread spectrum modulating said user
information signals according to a first predetermined user information
signal spreading code and transmitting said spread spectrum modulated
user information signals to an intended recipient mobile user;

means at said mobile user for receiving and despreading said first
cell-site transmitted spread spectrum modulated user information signals
according to said first spreading code, and for providing an output of said
user inforrhation signals;

means at said mobile user for receiving an input of mobile user
information signals, spread spectrum modulating said mobile user
information signals according to said first spreading code and transmitting
said spread spectrum modulated mobile user information signals to said
first cell-site;

means at said mobile user for, receiving pilot signals transmitted by -
said first cell-site and a second cell site, determining relative pilot signal
strength of each received pilot signal, generating a handoff request when
said second cell-cite transmitted pilot signal is of a predetermined level
with respect to said first cell-site transmitted pilot signal, and transmitting
said handoff request to said first cell-site; ‘

means at said first cell-site for, receiving said handoff request and
said spread spectrum modulated mobile user information signals,
despreading said spread spectrum modulated mobile user information
signals according to said first spreading code, and for coupling said handoff
request and said mobile user information signals to said system controller;

means at said system controller for, receiving said handoff request
and said mobile user information signals from said first cell-site, coupling
said mobile user information signals to said user, responsive to said
handoff request for coupling said user information signals to said second
cell-site; -

means at said second cell-site for, receiving said user information
signals from said system controller, spread spectrum modulating said user
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information signals according to said first spreading code and transmitting
said spread spectrum modulated user information signals to said mobile
user;

said means at said mobile user for receiving and despreading said
first cell-site transmitted spread spectrum modulated user information
signals further for receiving and despreading said second cell-site
transmitted spread spectrum modulated user information signals
according to said first spreading code, combining said user information
signals despread from said first and second cell-site transmitted spread
spectrum modulated user information signals, and providing a combined
6utput of said user information signals wherein said user
contemporaneously communicates with said mobile user through both
said first and second cell-sites;

said means at said mobile user for receiving and spread spectrum
modulating said input mobile user information signals further for
transmitting said spread spectrum modulated mobile user information
signals to said second cell-site;

means at said second cell-site for, receiving said spread spectrum
modulated mobile user information signals, despreading said spread
spectrum modulated mobile user information signals according to said
first spreading code, and for coupling said said mobile user information
signals to said system controller; and

said means at said system controller for receiving said mobile user
information signals from said first cell-site further for receiving said
mobile- user information signals from said second cell-site further
combining said first and second cell-site received mobile user information
signals and coupling said combined mobile user information signals to
said user, wherein said mobile user contemporaneously communicates
with said user through both said first and second cell-sites.

19.  The system of Claim 18 further comprising:

said means at said mobile user for generating said handoff request
further for detecting a coupling of communications between mobile user
and said user, generating a handoff complete command and transmitting
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user to said systemcontroller via at | east one of said one-cell-site and
sai d anot her celt=site—and-— - termnating by said systeemmrﬁgmﬁpi\ﬁrsqg.‘.
-slte - e

directing of ' ion signals to said one cell

The net hod of Smmmmumymrsal d user information signalsjc nié: %g
by said nobile *system users said one cell-site and said angt eﬁnggﬂ'm 3 6
are spread spectrum nodul ated according to a predeterm nedjs | .
8. The method of Caim 6 wherein saig user information signals

comuni cated by said nobile systemuser, said one cell -site-arg-said

another cel|-site are spread spectrum nodul ated accordi n?. to a
pr edet er ni nedid panddffngoroplate command to at least one of said first and second

cell-sites; i

said means at said first and second cell-sites for receiving,
despreading and coupling said mobile user information signals to said
system controller further for receiving and coupling said handoff
complete command to said system controller; and

said means at said system controller for receiving and combining
said mobile user information signals from said first and second cell-sites
further for, receiving said handoff complete command from said at least
one of said first and second cell-sites decoupling said user information
signals to said first cell-site. -

20. The system of Claim 18 wherein each cell-site spread
spectrum modulates each pilot signal according to a same predetermined
pilot signal spreading code and each pilot signal of a different
predetermined code phase with respect to each neighboring cell-site.

21. In a cellular radio telephone system in which mobile users -
are capable of initiating and receiving calls to and from other mobile users
and users in a public telephone system wherein said calls are relayed
through at least one of a plurality of cell-sites under the control of a syste'm
controller, each of said calls comprised of user information signals which
are spread spectrum modulated according to a different predetermined
user information signal spreading code as communicated between said at
least one cell-site and a corresponding mobile user, and wherein each cell-
site transmits a pilot signal that is spread spectrum modulated according to
a same predetermined pilot signal spreading code and of a different
predetermined code phase with respect to a neighboring. cell-site, a method
for directing the relay of communications between one mobile user and
another user through said cell-sites as said mobile user changes service
areas of said cell-sites, said method comprising the steps of:

communicating user information signals between a mobile user
and said another user through a first cell-site; ' |

determining at said first cell-site signal strength of said user
information signals as received at said first cell-site from said mobile user;,
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9. In a cellular radio tel ephone systemin which nobil e_users_are capable
of- initiating and receiving calls to and from other nobi lRgpHsStNEs
in a public telephone sysiem—wherel n said calls are reljay

| east one of -sites under the contr
controller, ME mi“ Im*‘“g conpri sed of user infor
are spread s ated according to a different jpr
i nformati on signal spreadl ng code as co ni cat ed betwgen said at
cell-site and a corresponding nobile user, and wherein
transmits a pilot signal that is spread spectrum nodul ated according to a

sanme predet er ni ne@eperajing iagsaid Srateetirsite botespomde 06 saidddéteemenition oft hod
For i roct] ng G TR, H Ao R est ReRe SR MU Rl el GGl
anot her user RrRAeiegmingd det‘@F | -sites as said nobile user changes service
areas of said cel lcofirhficatingSaitehBREoFOFBRest RsdiBSySietR Soiroller;
assigning by said system controller each of a plurality of neighboring
cell-sites to said first cell-site to determine at each respective neighboring
cell-site said signal strength of said user information signals as received at
said each respective neighboring cell-site from said mobile user;
determining at each respective neighboring cell-site signal strength
of said user information signals as received at said each respective
neighboring cell-site from said mobile user; and
reporting to said system controller by each respective neighboring
cell-site signal strength of said user information signals as received at said
each respective neighboring cell-site from said mobile user;
communicating said user information signals between said mobile
user and said another user through at least one of said neighboring cell-
sites wherein said mobile user and said another user concurrently
communicates through both said first cell-site and said at least one of said -
neighboring cell-sites.

| east

22.  The method of Claim 21 further comprising the steps of:

detecting said communication of said user information signals
through said at least one of said neighboring cell-sites; and

terminating said communication of user information between said
mobilé user and said another system user through said first cell-site.

23.  The method of Claim 21 further comprising the steps of:

generating a cell-diversity mode request at said first cell-site;

relaying said cell-diversity mode request to said mobile user; and

wherein said mobile user is responsive to said cell-diversity mode
request for maintaining communication with said another through saxd
first cell-site and said at least one of sald neighboring cell-sites.
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SOFT HANDOFF IN A CDMA CELLULAR TELEPHONE SYSTEM

ABSTRACT

In a cellular telephone system a system for
directing communications between a mobile user (18)
and cell-gsites (12, 14, 16) as a mobile user (18)
changes cell-site service areas. The mobile user (18)
includes an apparatus (40, 46) for, while in.
communication with another system user via one cell-
site, determining a transition of the mobile user (18)
from the cell-gite service area to the service area of
another cell-gite. The system includes circuitry (78)
responsive to the indication for coﬁpling
communications between the mobile user and the other
system user via the new cell-site while the mobile
user also remains in commpnication with the system
user via the £first cell-site. The system fﬁrther
includes apparatus (78) responsive to the coupling of
the communications between the mobile user and the
other system wuser via the new cell-site for'
terminating the communications between the mobile user
and another system user via cell-site communications
continuing between the mobile user and the system user

via the new cell-site.
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nmobi | e user and said anot her user concurrently conmuni cates through both

said-first and second cell-sites.
further conprising the steps of:
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transmtting by said first cell-site said first spread spectrum mgr?a‘?o&‘&z "o

receiving at said nobile user said first spread spectrum signal;
despreadi ng, at said nobile user according to said first predetern1ned user
i nformati on signal spreading code, said Aecei ved first spread spectrum
signal so as to provide an output of said another user |nfornat|on si gnal s;

recei vi ng anahéihet. qféuW&eUiﬁé ArBpaBiltey kRAY el Will be discBRALEY'PY 2!

sai d nobil e use e user *in ion SI S accor o Said
first predet g?"ni‘ﬁ'é‘%’f semmangdisdereived iy RETordp su éﬁaﬁ@agb!d@ Slée s to provide

a second spread speatCDMAI &lRllar telephohé 3PS, tddtd &I1-5i8é RaiQb]

h & r
sai d second s rea ectyum ul at eg nobi r infornmation SP a.fl?e
recei ving at© BgFf£9f {eév?ggfacters\éﬁﬁﬁcprsﬁ%q PHPECHMAN - modems. " Each

despr eadi ng, masdesmicOnbists bf Qeﬂigaﬁlts@rmepmnt ﬁaﬁﬁhﬂ friodiflapredeleyst ned

user informai}g ndl%:tgf]gpresa%y eadctrgmcaa?d recexverraer? a'SShrcher receiver. Each
modem at the cell-site is assigned to a mobile unit as needed to fadilitate
communications with the assigned mobile unit. Therefore in many
instances many modems are available for use while other ones may be
active in communicating with respective mobile units.

In the present invention a handoff scheme is employed for a CDMA
cellular telephone system in which a new cell-site modem is assigned to a
mobile unit while the old cell-site continues to service the call. When the
mobile unit is located in the transition region between the two cell-sites,
the call can be switched back and forth between cell-sites as signal strength
dictates. Since the mobile unit is always communicating through at least .
one cell-site, no disrupting effects to the mobile unit or in service will
occur.

When mobile unit communications are firmly established with the
new cell-site, e.g. the mobile unit is well within the new cell, the old
cell-site discontinues servicing the call. The just described handoff
techniques can be considered as a “soft” handoff in communications
between cell-sites with the mobile unit. The soft handoff is in essence a
make-before-break switching function. In contrast, conventional cellular
telephone systems can be considered as providing a break-before-make
switching function.

In a CDMA cellular telephone system of the present invention, a
soft handoff technique is implemented which also permit§ the mobile
unit to initiate a handoff. The mobile unit is also permitted to determine
the best new cell-site to which communications are to be transferred to
from an old cell-site. '

Although it is preferred that the mobile unit initiate the handoff
request and determine the new cell-site, handoff process decisions may be
made as in the conventional cellular telephone system. As discussed
previously with respect to conventional systems, the cell-site determines

REPLACEMENT SHEET

0 6 MY 1997




second spread spectrum signal so as to provide said nobile user

I nformati on signals; coupling said nobile user information signals to
said system 18

In the inbound, or mobile unit to cell-site link, the mobile unit does
not transmit a pilot signal that can be used for coherent reference purposes
in signal processing at the cell-site. Thus, the mobile unit to cell-site link
utilizes a non-coherent modulation and demodulation scheme using
é4-ary orthogonal signalling.

Searcher receiver 64 is again used to scan the ime domain about the
receiver signal to ensure that the associated digital data receiver 66, and
data receiver 68 if used, are tracking and processing the strongest available
time domain signal. This tracking process is identical to that described
with reference to the mobile unit. Searcher receiver 64 provides a signal
to cell-site control processor 75 which provides control signals to digital
data receivers ‘66 and 65 for selecting the appropriate received signal for
processing.

In the 64-ary orthogonal signalling process, the mobile unit
transmitted symbols has one of 64 different possibilities. A 6 bit symbol is
encoded into one of 26, i.e. 64, different binary sequences. The set of
sequences chosen are known as Walsh functions. The optimum receive
functien for the Walsh function is the Fast Hadamard Transform (FHT).
In searcher receiver 64 and digital data receivers 66 and 68, the input
signal is correlated as discussed with reference to the mobile unit
receivers, with the correlator output fed to a FHT processor. The FHT
processor produces a set of 64 coefficients for every 6 symbols. The 64
symbols are then multiplied by a weighting function generated in the
receiver. The weighting function is linked to measured signal strength.
The weighted data is then provided as an output to diversity combiner
and decoder drcuitry 50.

The second receiver system processes the received signals in a
manner similar to that discussed with respect to the firs{ receiver system
of Figure 3. The weighted 64 symbols output from receivers 66 and 76 are
provided to diversity combiner and decoder drcuitry 80. Circuitry 80
includes an adder which adds the weighted 64 symbols from receiver 66 to
the weighted 64 symbols from receiver 76. The resulting 64 coefficients are
compared with one another in order to determine the largest coefficient.
The magnitude of the comparison result, together with the identity or the
largest of the 64 coeffidents, is used to determine a set of decoder weights
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control | er—fromsatd—fHi+st—cell-site; receiving at said system %

controller ﬂ“mmﬁ information signals fromsaid first cell-site;
and mﬂ"m:ﬂm of said nobile user information signals from
sai d syst em donfrotl et tso zaid anot her user. 13. The net hod of
Caim 9 wherein the step of determ ning pglative pilot signal strength
conpri ses the steps of: measuring pilot signal strength of said
received pilot signals at said oneAMESDED €LARS ; conmparing at said
mobi | e user shretepiddoby sihgnidteshatcngiln Bumubanﬁhmpnlarldﬂ (22.04.@&nhti fying
one of said pié¢mgisilgnddinsol-yaeaidedt rewgridinst3-A3gedred (13 page)] The
nmet hod of Caim9 wherein the step of comrunicati ng
1. In a cellular telephone system in which a mobile system user
and another system user communicate user information signals
therebetween via at least one of a plurality of geographically separated
cell-sites each defining a respective geographic service area, a system for
directing communications between said mobile system user and said
another system user via said at least one of said plurality of cell-sites as
said mobile system user changes cell-site service areas, comprising:
means for, while said mobile system user is in a service area of one
cell-site and communicating user information signals with said another
system user via said one cell-site, determining a transition of said mobile
system user from said one cell-site service area to a service area of another
cell-site, and for providing a handoff request identifying said another
cell-site;
means responsive to said handoff request for coupling a
communication of said user information signals between said mobile
system user and said another system user via said another cell-site while
said mobile system user and said another system user con.inue in
communication of said user information signals via said one cell-site such
that said mobile system user and said another system user .concurrently
communicate said user information signals through said one cell-site and
said another cell-site; and
means responsive to said coupling of communication of said user
information signals between said mobile system user and said another
system user via said another cell-site for terminating said communication
of said user information signals between said mobile system user and said
another system user via said one cell-site with said communication of said
user information signals continuing between said mobile system user and
said another system user via said another cell-site.

2. The system of Claim 1 wherein each cell-site transmits a pilot
-signal indicative of said transmitting cell-site, said means for determining
comprising:
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sai d handoff request conprises the steps of: transmtting said
handoff request—to-sald first _cell-site; and relaying by said first

cell-site said h said systemcontroller. 15. The
met hod of Claim gma "I"immﬂ;wm of assigning said second, cell-site to
said communi catior ofc userni «ration siggals conprises the steps of:
determ ning from said handoff request an identification of said second
cell-site; comuni cating to said second cell-site an assi gnnment of

sai d second cell-site in conmunicating said user information signals

bet ween sai d nobi | esdasmﬁng\rr@céi%fi rREA 4186 cated! at 3R mobueSﬁJ ?&.f-l (820 a' d

second cel | - si t?-‘ one . lurality of podens at salid secon | -Site

comuni cati on B Ea?"ﬂ g‘@Pﬂlen?X?F%tWﬁi' 1§ hA §ransition from said one cell- site

service area to said another cell-site service area, receiving said cell-site
transmitted pilot signals, measuring signal strength of each received pilot
signal, comparing pilot signal strength measurements, and providing a
signal strength signal indicative of a received pilot signal of greatest
measured signal strength and cell-site of origin; and

processing-means located at said mobile system user for receiving
said signal strength signal and for, when said signal strength signal
changes from indicating said one cell-site transmitted pilot signal is of a
greater signal strength than said another cell-site transmitted pilot signal
to indicating said another cell-site transmitted pilot signal is of a signal
strength greater than said one cell-site transmitted pilot signal, generatmg
said handoff request.

3. The system of Claim 2 wherein said mobile system user
communicates said handoff request to said one cell-site for coupling to a
system controller, wherein said system controller comprises said means
for coupling, and said means for coupling comprises:

system processing means for receiving said handoff request and
responsive thereto for generating a first switch command; and

switching means for, under control of said system processmg
means, coupling said communication of said user information signals
between said mobile user and said system user via said one cell-site and
responsive to said first switch command for coupling said communication
of said user information signals between said mobile system user and said
another-system user via said another cell-site.

4. The system of Claim 3 wherein said means for terminating
comprises: '

said processing means being further responsive to said -
communication of user information signals between said mobile system
user and said another system user via said another cell-site for generating

a handoff complete command, said mobile sygtem-user-communicating
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bet ween said nobil e user and sai d anot her user. 16. The
met hod of Caim9 wherein the step of comruni cati ng sai d user I nformati on

signals through said first and second cell - €s the steps of
milllll ] l [l Iill

27-

said handoff complete command to said system controller via at least one
of said one cell-site and said another cell-site; _

said system processing means being further responsive to said
handoff complete command for generating a second switch command;
and

said switching means being further responsive to said second switch
command for decoupling communication of said user information signals
between said mobile system user and said another system user via said
one cell-site.

S. In a cellular radio communication system, a 'metho'd for
handing off communications between a mobile system user and another
system user from one cell to another cell comprising the steps of:

directing by a system controller a relay of user information signals
between a mobile system user and another system user through one
cell-site; .
determining, by said mobile system user while said mobile system
user and said another syste:: user are communicating said user
information signals through said one cell-site, a transition of said mobile
system user from a service area of said one cell-site to a service area of
another cell-site;

generating, by said mobile user in response to said transition
determination, a first control signal identifying said another cell-site;

communicating said first control signal from said mobile system
user thirough said one cell-site to a system controller;

directing, by said system controller in response to said first control
signal, a communication of said user information signals between said -
mobile system user and said another system user through said another
cell-site concurrently with said communication of said user information
signals between said mobile system user and said another system user
through said one cell-site.

——————,
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receiving at said. systemcontroller user information signals fromsaid
anot her user; ———coupli-ng--sai.d_anot her user information signals from

sai d system cont ror t and second cell-sites; recei vi ng
at said first and JWH cﬂﬂ”ﬂﬂ” fromn§§| d system cont rol ler said
anot her user infornati‘ntsigna Uulating at said first and second
cell-sites said another user information signals according to a first
predeterm ned user information signal spreading code so as to provide a
first spread spectyumsignal at each of said first and second cell-sites;

transmtting by saﬁ 'd f i Fse mathod f drldimed further sommrising the stapseafd spect rum
signals; Cfed1Yé ragiri! ?I Qaif@t}hb%ﬂ@sgysﬁaahdugéf Sin &egp@zdsesnecfséwﬂ
si gnal s; deslPrealn a dz Elle user accgsrgg‘gto S@dfli\
pr edet er ni ned“YEBY ’Pﬁ?BPHa‘Pﬁ &ai .vgﬁaﬂn PrRARPRSIEBAE, DELYEET oé BF st
system user and said mobile system user via said another cell-site, a
second control signal;
communicating said second control signal from said mobile system
user to said system controller via at least one of said one cell-site and said
another cell-site; and
terminating by said system controller a directing of said user
information signals to said one cell-site.

7. The method of Claim 5 wherein said user information
signals communicated by said mobile system user, said one cell-site and
said another cell-site are spread spectrum modulated according to a
predetermined spreading code. ;

8. The method of Claim 6 wherein said user information
signals communicated by said mobile system user, said one cell-site and
said another cell-site are spread spectrum modulated according to a
predetermined spreading code.

9. . In a cellular radio telephone system in which mobile users
are capable of initiating and receiving’calls to and from other mobile users
and users in a public telephone system wherein said calls are relayed
through at least one of a plurality of cell-sites under the control of a system
controller, each of said calls comprised of user information signals which
are spread spectrum modulated according to a different predetermined
user information signal spreading code as communicated between said at |
least one cell-site and a corresponding mobile user, and wherein each cell-
site transmits a pilot signal that is spread spectrum modulated according to
a same predetermined pilot signal spreading code and of a different
predetermined code phase with respect to a neighboring cell-site, 2 method
for directing the relay of communications between one mobile user and
another user through said cell-sites as said mobile user changes service
areas of said cell-sxtes, said method compnsmg the steps of: | pep; ACE i’v’ o "
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spread spectrum signal s; conbi ning said despread first spread
spectrum signals so as to provide an output of sai d—anﬁ%hepuser\h

i nformati on signals recei ving an input of m)blrnm,
si gnal s; nodul ating at said nobile user said ’mﬂmm" E tion
signal s according to said first predetepgined user, i nforfrat4 om Sis

spreadi ng code so as to provide a second spread spectrum signal ;
transmtting by said nobile user said second spread spectrum modul at ed

nobi | e user information signals; receiving at said first and second
cell-si'tes sai d seommiusiratiag emcnmﬁmmfatgrrals; nals betdesspr @adiolgle atsesai d

first and se Jrst predeterm ned user
sgaggfneshomeﬁée#ﬁ&gﬁgh k& g

i nformation sign readin flrs and second cell-site received
second spread spebﬁnamlﬁlrwéal%plm Stlgfl#sdw deidifinstitoplitsiter and enshcarid sai d
first and seggpgltgpl | -sites said nobile user

receiving at said one mobile user said first and second cell-site
transmitted pilot signals;

determining at said mobile user relative pilot signal strength of said
pilot signals as received at said mobile user;

generating, at said mobile user in response to said determination of
relative pilot signal strength, a handoff request when said second cell-site
transmitted pilot signal is of a predetermined level with respect to said
first cell-site transmitted pilot signal;

communicating said handoff request to said system controller via
said first cell-site; '

assigning by said system controller said second cell-site to relay said
communication of user information signals between said mobile user and
said another user; and

communicating said user information signals between said mobile
user and said another user through said second cell-site wherein said
mobile user and said another user concurrently communicates through
‘both said first and second cell-sites.

10.  The method of Claim 9 further comprising the steps of:

detecting at said mobile user said communication of said user
information signals as relayed through said second cell-site;

generating a handoff complete command at said mobile user in
response to said detection of said second cell-site relayed communication
of said user information signals; :

transmitting said handoff complete command to at least one of said
first and second cell-sites; and

terminating in response to said handoff complete command said
communication of user information between said mobile user and said
another system user through said first cell-site.

e
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I nformati on signals; coupling said nobile user
i.-nformation signals to said systemcontroller from-each-or said first and

second cel |- si tes: O A0

11.  The method of Claim 9 further comprising the steps of:

generating a cell-diversity mode request at said first cell-site;

relaying said cell-diversity mode request to said mobile user; and

wherein said mobile user is responsive to said cell-diversity mode
request for maintaining communication with said another through said
first and second cell-sites.

12.  The method of Claim 9 wherein the step of communicating
~ said user information signals through said first cell-site comprises the
steps of:

receiving at said system controller user information signals from
said another user; .

coupling said another user information signals from said system
controller to said first cell-site; _ '

receiving at said first cell-site from said system controller said
another user information signals ;

modulating at said first cell-site said another user information
signals according to a first predetermined user information signal-
spreading code so as to provide a first spread spectrum signal;

transmitting by said first cell-site said first spread spectrum signal;

receiving at said mobile user said first spread spectrum signal;

despreading, at said mobile user according to said first
predetermined user information signal spreading code, said received first
spread spectrum signal so as to provide an output of said another user
information signals;

receiving an input of mobile user information signals;

modulating at said mobile user said mobile user information

_ signals according to said first predetermined user information signal

spreading code so as to provide a second spread spectrum signal;

transmitting by said mobile user said second spread spectrum
modulated mobile user information signals;

receiving at said first cell-site second spectrum signal;

despreading, at said first cell-site according to said first
predetermined user information signal spreading code, said received

—_—
————

This Sheet Has REPLACEMENT SHEET

//mmllmm;mﬂ?:?“

0 6 MY 1897




receiving at said systemcontroller said nobile user information si gnal S

fromsaid first cell-site; and conbi ni ng sal Hit sai

controller said nobile user information signals re ml“ﬂ&”"”: !F)I rs'éI
i ne

and second cell-sites so; and providing an o

nobi |l e user information signals from saigdisystem controll ‘er " ossard anot her
user. 17. The nmethod of Claim 10 wherein the step of term nating
sai d comuni cation of user information between said nobile user and said
anot her system user through said first cell-site conprises the steps of:

rel ayi ng by ﬁﬁengt sp&gad Wftﬂmséigﬂ&ll Fat agntp spravidecskrid sinbbilesaker

handof f conpligfemsivRN hglssal d system control | er; decoupl i ng by
said systemcontroller a co i on of, said user inf or mati on signals

a
bet ween sai d anot HAURIRE & §b9 [q: iyser dprmatiqn sxgnas &0 sidt syatemy by
said first celdntmoller faogosaidfirenteldgitef sai d user

receiving at said system controller said mobile user information
signals from said first cell-site; and

providing an output of said mobile user information signals from
said system controller to said another user.

13.  The method of Claim 9 wherein the step of determining
relative pilot signal strength comprises the steps of:

measuring pilot signal strength of said received pilot signals at said
one mobile user;

comparing at said mobile user said pilot signal strength
measurements; and

identifying one of said pilot 51gnals of greatest sxgnal strength.

14, The method of Claim 9 wherein the step of communicating
said handoff request comprises the steps of:
transmitting said handoff request to said first cell-site; and

relaying by said first cell-site said handoff request to said system
controller.

15.  The method of Claim 9 wherein the step of assigning said
second. cell-site to said communication of user information signals
comprises the steps of: :

determining from said handoff request an identification of said
second cell-site; :

communicating to said second cell-site an assignment of said second
cell-site in communicating said user information signals between said
mobile user and said another user; and

selecting at said second cell-site one of a plurality of modems at said

-second cell-site for communication of said user information signals
between said mobile user and said another user.
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i nformation signals fromsaid another user to said nobile user;
generating a term nationrconmand_at said first cell-site;

transmtting saldJ a”m nd to said nobile user; and
di sconti nui ng by "m ”FHWQF comuni cation of said user information
signals fromsaid rmblleLus"Er aid firsg2cell-site. 18. In a
nobi |l e radi o tel ephone systemin which nobile users are capabl e of
initiating and receiving calls conprised of user information signals to and
fromother nobile users and users in a public tel ephone system wherein said

calls are relayed thf-oughhatmethust of(Baith % wherei |thy stép x| dorsinuescativer
the control of sgdsxsbeThéphiBdh 15391;1 Wﬂ%ugec W sGAE T x%glzirnc} Ss'eES?Hac.sel?sxtes

correspondi ng service a]b;a a sys £ingy
comuni cat i ons BPPRERH timetepsiofi e user and anot her user through sai d

cell-sites as sai d pedeiviaglaesaid P88 ¢Bhirotlel Cused’ HIEANAHIBASigRAsUrr3kst €M
conpri sing: said another user; _

coupling said another user information signals from said system
controller to said first and second cell-sites;

receiving at said first and second cell-sites from said 'system
controller said another user information signals ;

modulating at said first and second cell-sites said another user
information signals according to a first predetermined user information
signal spreading code so as to provide a first spread spectrum signal at each
of said first and second cell-sites;

~ transmitting by said first and second cell-sites said first spread

spectrum signals; '

receiving at said mobile user said first spread spectrum signals;

despreading, at said mobile user according to said first
predetermined user information signal spreading code, said received first
spread spectrum signals;

combining said despread first spread spectrum signals so as to
provide an output of said another user information signals

receiving an input of mobile user information signals;

modulating at said mobile user said mobile user information
signals according to said first predetermined user information signal
spreading code so as to provide a second spread spectrum signal;

transmitting by said mobile user said second spread spectrum
modulated mobile user information signals; X

receiving at said first and second cell-sites said second spread
spectrum signal; _

despreading, at said first and second cell-sites according to said first
predetermined user information signal spreading code, each first and -
second cell-site received second spread spectrum signal so as to provide an
output from each of said first and second cell-sites said mobile user
information signals;

—_—
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nmeans at each cell-site of said plurality of cell-sites for generating and
transmttlng ‘a fﬂ ot sigmat—tndi-cative of each cell-site of origin;

nmeans at said mml "‘mwm"m’ for, receiving user information

33-

coupling said mobile user information' signals to said system
controller from each or said first and second cell-sites;

receiving at said system controller said mobile user information
signals from said first cell-site; and

combining said at said system controller said mobile user
information signals received from said first and second cell-sites so; and

providing an output of said combined mobile user information
signals from said system controller to said another user.

17.  The method of Claim 10 wherein the step of terminating said
communication of user information between said mobile user and-said
another system user through said first cell-site comprises the steps of:

relaying by said at least one of said first and second cell-sites said
handoff complete command to said system controller;

decoupling by said system controller a communication of said user
information signals between said another user and said first cell-site;

discontinuing by said first cell-site a communication of said user
information signals from said another user to said mobile user;

generating a termination command at said first cell-site;

transmitting said termination command to said mobile user; and

discontinuing by said mobile user a communication of said user
information signals from said mobile user to said first cell-site.

18.  In a mobile radio telephone system in which mobile users are
capable of initiating and receiving calls comprised of user information
signals to and from other mobile users and users in a public telephone
system wherein said calls are relayed through at least one of a plurality of -
cell-sites under the control of a system controller and wherein each cell-
site has a corresponding service area, a system for directing the relay of
communications between one mobile user and another user through said
cell-sites as said mobile user changes cell-site service areas, said system
comprising:

means at each cell-site of said plurality of cell-sites for generating
and transmitting a pilot signal indicative of each cell-site of origin;
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signals froma user and coupling said user information signals to a first

cell-site; neans at said first cell-site for, Tecerving—sat-d-user
i nformation signals fromsaid systemcontroller, spreiﬂlﬂn ting
sai d user information signals according to a first pr mnm'"mﬂmr
I nformati on signal spreading code and tra itting said spread ®pectrum

nodul at ed user information signals to an intended recpient nobil e user;
nmeans at said nobile user for receiving and despreading said first
cell-site transmtted spread spectrum nodul ated user information signals
according to said fmegnssﬁr saidi systecdeondralldrofonr racetiing aserom&wt-naﬂorsai d

user informatiggnglg gﬂ-g a user ancinESﬂﬁhﬁg Sahdy ggébfrlf& 366n ];%%rh%lgct | V'fggf

i nput of nobil e%user Sriati on S| Spr éa spec rum
nobi | e user i nfRB}-pides on signal s accord| ng to said first spreading code and

transmitting said spiaRd APSA HFLITeEshiee for PRIdeiNE Saili QB A 2! S
signals from said system controller, spread spectrum modulating said user
information signals according to a first predetermined user information
signal spreading code and transmitting said spread spectrum modulated
user information signals to an intended recipient mobile user;

means at said mobile user for receiving and despreading said first
cell-site transmitted spread spectrum modulated user information signals
according to said first spreading code, and for providing an output of said
user inforrhation signals;

means at said mobile user for receiving an input of mobile user
information signals, spread spectrum modulating said mobile user
information signals according to said first spreading code and transmitting
said spread spectrum modulated mobile user information signals to said
first cell-site;

means at said mobile user for, receiving pilot signals transmitted by
said first cell-site-and a second cell site, determining relative pilot signal
strength of each received pilot signal, generating a handoff request when
said second cell-cite transmitted pilot signal is of a predetermined level
with respect to said first cell-site transmitted pilot 51gna1 and transmitting
said handoff request to said first cell-site;

means at said first cell-site for, receiving said handoff request and
said spread spectrum modulated mobile user information signals,
.despreading said spread spectrum modulated mobile user information
signals according to said first spreading code, and for coupling said handoff
request and said mobile user information signals to said system controller;

means at said system controller for, receiving said handoff request
and said mcbile user information signals from said first cell-site, coupling
said mobile user information signals to said user, responsive to said
handoff request for coupling said user information signals to said second
cell-site;

means at said second cell-site for, receiving said user information
sxgnals from said system controller, spread spectrum modulating said user

— REPLACEMENT SHEET

eet Has Been Replaced

\\Il\l\\ AR

0 6 MAY 1997




first cell-site; means at said nobile user for, receiving pilot
signals transmtted by said first cell-site and a second cell site,

determning relative pil al strength of each received pilot signal,
generating a h%i Emﬁﬁﬁil en said second cell-cite transmtted pil ot
signal is of a vel witn35_espect to said first cell-site
transmtted pi Iot S|gnal and transm’ttl ng said handoff request to said
first cell-site; neans at said first cell-site for, receiving said
handof f request and said spread spectrum nodul ated nobil e user information
signal s, desjnfeadatign sigrhls peesrding €6 saidfirsidprabdihgmidd end srmsiritiiigrat i on

Pandoff T equitE ShrsRd e SRl a&??faﬂgﬁ?a%aé@? Beafh it

control | er; user;, neans at said systemcontroller for, receiving said

call i éeqﬁﬁﬁtm ?ﬁ? AT i g R *%%‘2*.“%”* PR sald =

responsi ve t éirstapell-site transmitted spread spectrum modulated user information
signals further for receiving and despreading said second cell-site
transmitted spread spectrum modulated user information signals
according to said first spreading code, combining said user information
signals despread from said first and second cell-site transmitted spread
spectrum modulated user information signals, and providing a combined
butput of said wuser information signals wherein said user
contemporaneously communicates with said mobile user through both
said first and second cell-sites;

said means at said mobile user for receiving and spread spectrum
modulating said input mobile user information signals further for
transmitting said spread spectrum modulated mobile user information
signals to said second cell-site;

means at said second cell-site for, receiving said spread spectrum
modulated mobile user information signals, despreading said spread
spectrum modulated mobile user information signals according to said
first spreading code, and for coupling said said mobile user information
signals to said system controller; and

said means at said system controller for receiving said mobile user
information signals from said first cell-site further for receiving said
mobile: user information signals from said second cell-site further
combining said first and second cell-site received mobile user information
signals and coupling said combined mobile user information signals to
said user, wherein said mobile user contemporaneously communicates
with said user through both said first and second cell-sites.

19.  The system of Claim 18 further comprising:

said means at said mobile user for generating said handoff request
further for detecting a coupling of communications between mobile user
and said user, generating a handoff complete command and transmitting

TR,
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handoff request for coupling said user
cell-Site;
i nformati on signals fromsaid systemcontroller, spr

sai d user

This Sheet Has Been Replac
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neans at said second cell-site for, recéiving salid us

- 36-

‘'said handoff complete command to at least one of said first and second

cell-sites;

said means at said first and second cell-sites for receiving,
despreading and coupling said mobile user information signals to said
system controller further for receiving and coupling said handoff
complete command to said system controller; and

said means at said system controller for receiving and combining
said mobile user information signals from said first and second cell-sites
further for, receiving said handoff complete command from said at least
one of said first and second cell-sites decoupling said user information
signals to said first cell-site.

20. The system of Claim 18 wherein each cell-site spread
spectrum modulates each pilot signal according to a same predetermined

I nformation signals to said second

er
ating

pilot signal spreading code and each pilot signal of a different '-

predetermined code phase with respect to each neighboring cell-site.

21. In a cellular radio telephone system in which mobile users -

are capable of initiating and receiving calls to and from other mobile users
and users in a public telephone system wherein said calls are relayed
through at least one of a plurality of cell-sites under the control of a system
controller, each of said calls comprised of user information signals which
are spread spectrum modulated according to a different predetermined
user information signal spreading code as communicated between said at
least one cell-site and a corresponding mobile user, and wherein each cell-
site transmits a pilot signal that is spread spectrum modulated according to
a same predetermined pilot signal spreading code and of a different
predetermined code phase with respect to a neighboring cell-site, a method
for directing the relay of communications between one mobile user and
another user through said cell-sites as said mobile user changes service
areas of said cell-sites, said method comprising the steps of:

communicating user information signals between a mobile user
and said another user through a first cell-site;

determining at said first cell-site signal strength of said user
information signals as received at said first cell-site from said mobile user;
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I nformati on signals according to said first spreadi ng code and
transmtiting said spread-speetyum nodul ated user information signals to

said nmobile us ns at said nobile user for receiving and
despreadi ng sa ml"““’ lﬂmmlgﬂne transnitted spread spectrum nodul ated user
information sigrals furthers for receivigg and despreadi ng said second
cell-site transmtted spread spectrum nodul ated user information signals
according to said first spreading code, conbining said user information

signals despread fromsaid first and second cell-site transmtted spread

spect rum modul at edeyiagtaha’ o IR A% S1R0ALS, AYSRLON B RenRTRIS or

out put of said us sal d nterrgoraneousl y
conmuni cat es signal saengthota henducsférreqhemg&hebbmdssgaalr $tﬂ'smgtzhln£&1}s el a

cell -sites; predeté%ﬂle'ﬁeiaé%%l .at said nobile user for receiving and spread
spectrum !

communicating said handoff request to said system controller;

assigning by said system controller each of a plurality of neighboring
cell-sites to said first cell-site to determine at each respective neighboring
cell-site said signal strength of said user information signals as received at
said each respective neighboring cell-site from said mobile user;

determining at each respective neighboring cell-site signal strength
of said user information signals as received at said each respective
neighboring cell-site from said mobile user; and

reporting to said system controller by each respective neighboring
cell-site signal strength of said user information signals as received at said
each respective neighboring cell-site from said mobile user;

communicating said user information signals between said mobile
user and said another user through at least one of said neighboring cell-
sites wherein said mobile user and said another user concurrently
communicates through both said first cell-site and said at least one of said -
neighboring cell-sites.

22.  The method of Claim 21 further comprising the steps of:

detecting said communication of said user information signals
through said at least one of said neighboring cell-sites; and

terminating said communication of user information between said
mobilé user and said another system user through said first cell-site.

23.  The method of Claim 21 further comprising the steps of:

generating a cell-diversity mode request at said first cell-site;

relaying said cell-diversity mode request to said mobile user; and

wherein said mobile user is responsive to said cell-diversity mode
request for maintaining communication with said another through saxd
first cell-site and said at least one of said neighboring cell-sites.
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nodul-at i ng - sai d i nput nobile user informatiof gf@’ﬁ%ﬂfﬁ"’ﬂ‘m Shett for

~.transmitting said spread spectrum nodul at ed L]
to said second cell-site; neans at sai 58! 1bay ' %(?Er}\/'?mggﬁéﬁ
receiving said spread spe_ct rum nodul at ed nobj | f“o i pn signal s,

..... I on signals

accordi ng ading code, and r_coupling said |said nobile
user i nfor&:ﬂ!‘iﬂ ﬂ nlﬂ il sai d system_c_(ﬁ;ﬂ._l:'ol | er; sai d neans at
said syste on receiving said nDblle user information signals
fromsaid first cell-site further for redd¥%H P nmobi | e user

I nformation signals fromsaid second ceII-S|te fur A% onblnlng said first
and second cell-site received nobile user information signals and coupling

sai d conmbi ned nobile user information signals to said user, wherein said

mobi | e user cont enperanegygl o GRFHNGHRSs iR SRR S mdBiIUgR AP DAl d

first and second cefll ) ] _ .
and another system user communicate user information signals

therebetween via at least one of a plurality of geographically separated
cell-sites each defining a respective geographic service area, a system for
directing communications between said mobile system user and said
another system user via said at least one of said plurality of cell-sites as
said mobile system user changes cell-site service areas, comprising:

. means for, while said mobile system user is in a service area of one
cell-site and communicating user information signals with said another
system ‘user via said one cell-site, &etermining a transition of said mobile
system user from said one cell-site service area to a service area of another
cell-site, and for providing a handoff request identifying said another
cell-site;

means responsive to said handoff request for coupling a
communication. of said user informationr signals between said mobile
system user and said another system user via said another cell-site while
said mobile system user and said another system user con.inue in
communication of said user information signals via said one cell-site such
that said mobile system user and said another system user concurrently
communicate said user information signals through said one cell-site and
said another cell-site; and

means responsive to said coupling of communication of said user
information signals between said mobile system user and said another
system user via said another cell-site for terminating said communication
of said user information signals between said mobile system user and said
another system user via said one cell-site with said communication of said
user information signals continuing between said mobile system user and
said another system user via said another cell-site. '

2. The system of Claim 1 wherein each cell-site transmits a pilot
-signal indicative of said transmxttmg cell-site, said means for determining
comprising:
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scanning receiver means located at said mobile system user for
when said mobile system user is in a transition from said one cell-site
service area to said another cell-site service area, receiving said cell-site
transmitted pilot signals, measuring signal strength of each received pilot
signal, comparing pilot signal strength measurements, and providing a
signal strength signal indicative of a received pilot signal of greatest
measured signal strength and cell-site of origin; and _

processing means located at said mobile system user for receiving
said signal strength signal and for, when said signal strength signal
changes from indicating said one cell-site transmitted -pilot signal is of a
greater signal strength than said another cell-site transmitted pilot signal
to indicating said another cell-site transmitted pilot signal is of a signal
strength greater than said one cell-site transzmtted pilot signal, generatmg
said handoff request.

3. The system of Claim 2 wherein said mobile system user
communicates said handoff request to said one cell-site for coupling to a
system controller, wherein said system controller comprises said means
for coupling;. and said means for coupling comprises:

system processing means for receiving said handoff request and
responsive thereto for generating a first switch command; and

switching means for, under control of said system processmg
means, coupling said communication of said user information signals
between said mobile user and said system user via said one cell-site and
responsive to said first switch command for coupling said communication
of said user information signals between said mobile system user and said
another-system user via said another cell-site.

4. The system of Claim 3 wherein said means for terminating
comprises: '

said processing means being further responsive to said

.~ communijcation of user information signals between said mobile system

user and said another system user via said another cell-site for generating

a handoff complete command, said mobile system user communicating
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said system processing means being further responsive to said
handoff complete command for generating a second switch command;
and

said switching means being further responsive to said second switch
command for decoupling communication of said user information signals
between said mobile system user and said another system user via said
one cell-site.

5. In a cellular radic communication system, a method for
handing off communications betweert a mobile system user and another
system user from one cell to another cell comprising the steps of:

directing by a system controller a relay of user information signals
between a mobile system user and another system user through one
cell-site;

| determining, by said mobile system user while said mobile system
user and said another systesr user are communicating said user -
information signals through said one cell-site, a transition of said mobile
system user fromr a service area of said one cell-site to a service area of
another cell-site;

generating, by said mobile user in response to said transition
determination, a first control signal identifying said another cell-site;

communicating said first control signal from said mobile system
user tlirough said one cell-site to a system controller;

directing, by said system controller in response to said first control
signal, a communication of said user information signals between said -
mobile system user and said another system user through said another
cell-site concurrently with said communication of said user information
signals between said mobile system user and said another system user
through said one cell-site. .
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second control signal;

communicating said second control signal from said mobile system
user to said system controller via at least one of said one cell-site and said
anather cell-site; and

terminating by said system controller a directing of said user
information signals to said one cell-site.

7. The method of Claim 5 wherein said user information
signals communicated by said mobile system user, said one cell-site and
said another cell-site are spread spectrum modulated according to a
predetermined spreading code.

8. The method of Claim 6 wherein said user information
signals communicated by said mobile system user, said one cell-site and
said another cell-site: are spread spectrum modulated according to a
predetermined spreading code. '

9. . In a cellular radio telephone system in which mobile users
are capable of initiating and receiving calls to and from other mobile users
and users in a public telephone system wherein said calls are relayed
through at least one of a plurality of cell-sites under the control of a system
controller, each of said calls comprised of user information signals which
are spread spectrum modulated according to a different predetermined
user information signal spreading code as communicated between said at |
least one cell-site and a corresponding mobile user, and wherein each cell-
site transmits a pilot signal that is spread spectrum modulated according to
a same predetermined pilot signal spreading code and of a different
predetermined code phase with respect to a neighboring cell-site, a method
for directing the relay of communications between one mobile user and
another user through said cell-sites as said mobile user changes service
areas of said cell-sites, said method comprising the steps of:



for directing the relay of comunications between one nobile user and
anot her user—through-sat-d—eell-sites as said nobile user changes servi E%
" areas of ‘s ai d nmet hod copprisimg-the STeErsreACEMENT SHE
communi cat ﬁlﬁlﬁﬁﬂ“"“ﬁ'mﬂl on signals bntﬂﬁ@éﬁcé\/‘ﬁﬁBiS%Eths pr and said
anot her .usef through asfirst cell-site; aetermning pt said first

cell-site signal strength of said user inf<prqa‘§i[‘¢ij§|‘r§§;3‘;%1 s} as received at
said first cell-site fromsaid nobil e 2&kr

communicating user information signals between a mobile user
and said another user through a first cell-site;

transmitting said pilot signals by said first cell-site and a second
cell-site; |

receiving at said one mobile user said first and second cell-site
transmitted pilot signals;

determining at said mobile user relative pilot signal strength of said
pilot signals as received at said mobile user;

~ generating, at said mobile user in response to said determination of

relative pilot signal strength, a handoff request when said second cell-site
transmitted pilot signal is of a predetermined level with respect to said
first cell-site transmitted pilot signal;

communicating said handoff request to said system controller via
said first cell-site; '

assigning by said system controller said second cell-site to relay said
communication of user information signals between said mobile user and
said another user; and

communicating said user information: signals between said mobile
user and said another user through said second cell-site wherein said
mobile user and said another user concurrently communicates through
both said first and second cell-sites. |

10.  The method of Claim 9 further comprising the steps of:

detecting at said mobile user said communication of saxd user
information signals as relayed through said second cell-site;

generating a handoff complete command at said mobile user in
response to said detection of said second cell-site relayed communication
of said user information signals; -

transmitting said handoff complete command to at least one of said
first and second cell-sites; and |

terminating in response to said handoff complete command said
communication of user information between said mobile user and said
another system user through said first cell-site.
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generating a cell-diversity mode request at said first cail-site;

relaying said cell-diversity mode request to said mcbile user; and

wherein said mobile user is responsive to said cell-diversity mode
request for maintaining communication with said another through said
first and second cell-sites.

12. The method of Claim 9 wherein the step of communicating
said user information signals through said first cell-site comprises the
steps of:

receiving at said system controller user information signals from
said another user;

coupling said another user information signals from said system
controller to said first cell-site;

receiving at said first cell-site from said system controller said
another user information signals ;

modulating at said first cell-site said another user information
signals according to a first predetermined user information signal-
spreading code so as to provide a first spread spectrum signal;

transmitting by said first cell-site said first spread spectrum signal;

receiving at said mobile user said first spread spectrum signal;

despreading, at said mobile user according to said first
predetermined user information signal spreading code, said received first
spread spectrum signal so as to provide an output of said another user
information signals;

receiving an input of mobile user information signals;

modulating at said mobile user said’ mobile user information
signals according to said first predetermined user .information signal
spreading code so as to provide a second spread spectrum signal;

transmitting by said mobile user said second spread spectrum
modulated mobile user information signals;

receiving at said first cell-site second spectrum signal;

despreading, at said first cell-site according to said first
predetermined user information signal spreading code, said received
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coupling said mobile user information signals to said system
controller from said first cell-site; _
receiving at said system controller said mobile user information
signals from said first cell-site; and
providing an output of said mobile user information signais from
said system controller to said another user.

13. The method of Claim 9 wherein the step of determining
relative pilot signal strength comprises the steps of:

measuring pilot signal strength of said received pilot signals at said
‘one mobile user;

comparing at said mobile user said pilot signal strength
measurements; and

identifying one of said pilot 51gnals of greatest sxgnal strength.

14.  The method of Claim 9 wherein the step of communicating
said handoff request comprises the steps of:
transmitting said handoff request to said first cell-site; and
- relaying by said first cell-site said handoff request to said system
controller.

15.  The method of Claim 9 wherein the step of assigning said
second- cell-site to said communication of user information signals
comprises the steps of:

determining from said handoff request an xdennfxcatmn of said
second cell-site;

communicating to said second cell-site an assignment of said second
cell-site in communicating said user information signals between said
mobile user and said another user; and

selecting at said second cell-site one of a plurahty of modems at said
second cell-site for communication of said user information signals
between said mobile user and said another user.
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16.  The method of Claim 9 wherein the step of communicating
said user information signals through said first and second cell-sites
comprises the steps of:

receiving at said system controller user information signals from
said another user;

coupling said another user informdtion signals from said system
controller to said first and second cell-sites;

receiving at said first and second cell-sites from said system
controller said another user information signals ;

modulating at said first and second cell-sites said another user
information signals according to a first predetermined user information
signal spreading code so as to provide a first spread spectrum signal at each
of said first and second cell-sites;

transmitting by saxd first and second cell-sites said first spread
spectrum signals;

receiving at said mobile user said first spread spectrum signals;

despreading, at said mobile user according to said first
predetermined user information signal spreading code, said received first
spread spectrum signals; _

combining said despread first spread spectrum signals so as to
provide an output of said another user information signals
| receiving an input of mobile user information signals;

modulating at said mobile user said mobile user information
signals according to said first predetermined user information signal
spreading code 50 as to provide a second spread spectrum signal;

'transmitting by said mobile user said second spread spectrum
inodula_ted mobile user information signals;

receiving at said first and second cell-sites said second spread
spectrum signal;

despreading, at said first and second cell-sites according to said first
predetermined user information signal spreading code, each first and
second cell-site received second spread spectrum signal so as to provide an
output from each of said first and second cell-sites said mobile user
information signals;
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coupling said mobile user information signals to said system
controller from each or said first and second cell-sites;

receiving at said system controller said mobile user information
signals from said first cell-site; and

combining said at said system controller said mobile user
information signals received from said first and second cell-sites so; and

providing an output of said combined mobile user inforniation
signals from said system controller to said another user.

17.  The method of Claim 10 wherein the step of terminating said
communication of user information between said mobile user and-said
. another system user through said first cell-site comprises the steps of:

relaying by said at least one of said first and second cell-sites said
handoff complete command to said system controller; .

decoupling by said system controller a communication of said user
information signals between said another user and said first cell-site;
discontinuing by said first cell-site a communication of said user
information signals from said another user to said mobile user;
generating a termination commanad at said first cell-site;
transmitting said termination command to said mobile user; and
discontinuing by said mobile user a communication of said user
information signals from said mobile user to said first cell-site.

18.  In a mobile radio telephone system in which mobile users are
capable of initiating and receiving calls comprised of user information
signals to and from other mobile users and users in a public telephone
system wherein said calls are relayed through at least one of a plurality of
cell-sites under the control of a system controller and wherein each cell-
site has a corresponding service area, a system for directing the relay of
communications between one mobile user and another user through said
cell-sites as said mobile user changes cell-site service areas, said system
comprising: |

means at each cell-site of said plurality of cell-sites for generating
and transmitting a pilot signal indicative of each cell-site of origin;
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means at said system controller for, receiving user information
signals from a user and coupling said user information signals to a firs:
cell-site;

means at said first cell-site for, receiving said user information
signals from said system controller, spread spectrum modulating said user
information signals according to a first predetermined user information
signal spreading code and transmitting said spread speétrum modulated
user information signals to an intended redpient mobile user;

means at said mobile user for receiving and despreading said first
cell-site transmitted spread spectrum modulated user information signals
according to said first spreading code, and for providing an output of said
user inforrhation signals;

means at said mobile user for receiving an input of mobile user
information signals, spread spectrum modulating said mobile- user
information signals according to said first spreading code and transmitting
said spread spectrum modulated mobile user information signals to said
first cell-site;

means at said mobile user for, receiving pilot signals transmitted by
said first cell-site and a second cell site, determining relative pilot signal
strength of each received pilot signal, generating a handoff request when
said second cell-cite transmitted pilot signal is of a predetermined level
with respect to said first cell-site transmitted pilot 51gna1 and transmitting
said handoff request to said first cell-site;

means at said first cell-site for, receiving said handoff request and
said 'spread spectrum modulated mobile user information signals,
despreading said spread spectrum modulated mobile user information
signals according to said first spreading code, and for coupling said handoff
request and said mobile user information signals to said sysiem controller;

means at said system controller for, receiving said handoff request
and said mobile user information signals from said first cell-site, coupling
said mobile user information signals to said user, responsive to said
handoff request for couplmg said user mformanon signals to said second
cell-site;

means at said second cell-site for, receiving said user information
signals from said system controller, spread spectrum modulating said user
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information signals according to said first spreading code and transmitting
said spread spectrum modulated user information signais to said mobile
user;

said means at said mobile user for receiving and despreading said
first cell-site transmitted spread spectrum modulated user information
signals further for receiving and despreading said second cell-site
transmitted spread spectrum modulated user information signals
according to said first spreading code, combining said user information
signals despread from said first and second cell-site transmitted spread
spectrum modulated user information signals, and providing a combined
butput of said user information signals wherein said user
contemporaneously communicates with said mobile user through both
said first and second cell-sites;

said means at said mobile user for receiving and spread spectrum
modulating said input mobile user information signals further for
transmitting said spread spectrum modulated mobile user information
signals to said second cell-site;

means at said second cell-site for, receiving said spread spectrum
modulated mobile user information signals, despreading said spread
spectrum modulated mobile user information signals according to said
first spreading code, and for coupling said said mobile user information
signals to said system controller; and

said means at said system controller for receiving said mobile user
information signals from said first cell-site further for receiving said
mobile- user information signals from said second cell-site further
combining said first and second cell-site received mobile user information
signals and coupling said combined mobile user information signals to
said user, wherein said mobile user contemporaneously communicates
with said user through both said first and second cell-sites.

19.  The system of Claim 18 further comprising:

said means at said mobile user for generating said handoff request
further for detecting a coupling of communications between mobile user
and said user, generating a handoff complete command and transmitting
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'said handoff complete command to at least one of said first and second
cell-sites; .

said means at said first and second cell-sites for receiving,
despreading and coupling said mobile user information signals to said
system controller further for receiving and coupling said handoff
complete command to said system controller; and

said means at said system controller for receiving and combining
said mobile user information signals from said first and second cell-sites
further for, receiving said handoff complete command from said at least
one of said first and second cell-sites decoupling said user information
signals to said first cell-site.

20. The system of Claim 18 wherein each cell-site spread
spectrum modulates each pilot signal according to a same predetermined
pilot signal spreading code and each pilot signal of a different
predetermined code phase with respect to each neighboring cell-site.

21. In a cellular radio telephone system in which mobile users -
are capable of initiating and receiving calls to and from other mobile users
and users in a public telephone system wherein said calls are relayed
through at least one of a plurality of cell-sites under the control of a system
controller, each of said calls comprised of user information signals which
are spread spectrum modulated according to a different predetermined
user information signal spreading code as communicated between said at
least one cell-site and a corresponding mobile user, and wherein each cell-
site. transmits a pilot signal that is spread spectrum modulated according to
a same predetermined pilot signal spreading code and of a different
predetermined code phase with respect to a neighboring cell-site, a method
for directing the relay of communications between one mobile user and
another user through said cell-sites as said mobile user changes service
areas of said cell-sites, said method comprising the steps of:

communicating user information signals between a mobile user
and said another user through a first cell-site;

determining at said first cell-site signal strength of said user
information signals as received at said first cell-site from said mobile user;
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generating, at said first cell-site in response to said determination of
signal strength, a handoff request when said signal strength fall below a
predetermined level;

communicating said handoff request to said system controller;

assigning by said system controller each of a plurality of neighboring
cell-sites to said first cell-site to determine at each respective neighboring
cell-site said signal strength of said user information signals as received at
said each respective neighboring cell-site from said mobile user;

determining at each respective neighboring cell-site signal strength
of said user information signals as received at said each respective
neighboring cell-site from said mobile user; and

" reporting to said system controller by each respective neighboring

cell-site signal strength of said user information signals as received at said
each respective neighboring cell-site from said mobile user;

communicating said user information signals between said mobile
user and said another user through at least one of said neighboring cell-
sites wherein said mobile user and said another user concurrently

communicates through both said first cell-site and said at least one of said -
neighboring cell-sites.

22, The method of Claim 21 further comprising the steps of:

detecting said communication of said user information signals
through said at least one of said neighboring cell-sites; and -

terminating said communication of user information between said
mobilé user and said another system user through said first cell-site.

23.  The method of Claim 21 further comprising the steps of:

generating a cell-diversity mode request at said first cell-site;

relaying said cell-diversity mode request to said mobile user; and

wherein said mobile user is responsive to said cell-diversity mode
request for maintaining communication with said another through said
first cell-site and said at least one of said neighboring cell-sites.
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SOFT HANDOFF IN A CDMA CELLULAR TELEPHONE SYSTEM

ABSTRACT

In a cellular telephone system a system for
directing communications between a mobile user (18)
and cell-sites (12, 14, 16) as a mobile user (18)
changes cell-gite service areas. The mobile user (18)
includes an apparatus (40, 46) £for, while in‘
communication with another system user via one cell-
site, determining a transition of the mobile user (18)
from the cell-site service area to the service area of
another cell-site. The system includes circuitry (78) -
responsive to | the indication for coupling
communications between the mobile user and the othexr
syst;em user via the new cell-site while the mobile
user also remains in com.i:nication with the system’
user via the first cell-site. Thg system flJ:rther
includes apparatus (78) responsive to the coupling of
the communications between the mobile user and the
‘othe:j system. user via the new cell-site for.
terminating the communications between the mobile user
and another system user via cell-site communications
continuing between the mobile user and the system user

via the new cell-site.

FIGURE 1



